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EXECUTIVE SUMMARY

For the current purpose, and that of the eleverghtimg of the Conference of the Parties to
the Convention on Biological Diversity, the ExegatiSummary of this report is document
UNEP/CBD/COP/11/30h{tp://www.cbd.int/doc/?meeting=COPJ11
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CHAPTER 1 Introduction

1.1 Background to the work

The tenth meeting of the Conference of the Pattiethe Convention on Biological Diversity, in
decision X/28 paragraph 39, recognized the gooe@rsyes between the Convention on Biological
Diversity and the Ramsar Convention on Wetlandsragdested the Executive Secretary, and invited
the Secretariat and Scientific and Technical ReviRamel (STRP) of the Ramsar Convention, and
other relevant partners, subject to the availahilftfinancial resources, to establish an experking
group, building upon the relevant core expertis¢hef STRP, to review available information, and
provide key policy relevant messages, on maintgittiie ability of biodiversity to continue to suppor
the water cycle.

Subsequent to securing funding, STRP organisechaungural meeting of the expert group in June
2011. Progress with the work of the expert groups weported to the fifteenth meeting of the
Subsidiary Body on Scientific, Technical and Tedbgwmal Advice (SBSTTA). SBSTTA
recommendation XV/5, section Il sub paragraphr@xuested the Executive Secretary of the CBD to
make the report of the expert group available Fa&r information of, and a summary report of its
findings for the consideration of, the eleventh timgeof the Conference of the Parties. Consequently
the current document was prepared by the expeupgi assist the Executive Secretary to fulfil this
request. The aforementioned summary report of xperé group is provided to the eleventh meeting
of the Conference of the Parties to the CBD as hectt UNEP/CBD/COP/11/30.

The work of the expert group was based on peeewsd scientific literature.

1.2 Ongoing work of the expert group
The expert group continues to further develop tireent report as follows:

a) Provide a chapter on the hydrological functiongraisslands to complement existing chapters
in order to adequately cover the major terreshii@me types;

b) Derive the key gaps in the scientific knowledgeriently identified gaps are dispersed in this
report and require consolidating across biomes);

c) Present the completed scientific findings to thessliary Body on Scientific, Technical and
Technological Advice, in particular regarding scemaps;

d) Publish the final report in the peer reviewed acaid literature (most of the content of the
current report has also been peer reviewed); and

e) Subject to resource availability, the STRP, Ramesad CBD Secretariats will produce
simplified versions of the content report for a eigeneral readership.

1.3 Contributors to the work of the expert group

The contributors to the work of the expert group,ohthe date of this report, are listed in
Table 1.1.

Table 1.1:List of contributors to the work of the expert gpp in alphabetical order.

Acreman, Mike. Centre for Ecology and Hydrology, Wigford, United Kingdom
Albertengo, Juliana. No-Till Association of Argemdi (Aapresid), Rosario, Argentina
Amado, Telmo. Federal University of Santa MaBanta Maria, Brazil

Amis, Mao. Pegasys, South Africa
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Anderson, Aileen. Crossflow, South Africa

Bacchur, Isam. American University of Beirut, Lebanon

Basch, Gottlieb. University of Evora, Portugal

Binnie, Chris. United Kingdom

Calegari, Ademir. Agricultural Institute of Parand (IAPAR), Brazil

Chappell, Nick A. Lancaster Environment Centre, Lancaster University, Lancaster, United Kingdom
Chettri, Nakul. ICIMOD, India

Coates, David. Secretariat of the CBD, Montreal, Quebec, Canada

Cohen-Shacham, Emmanuelle. Department of Zoology, Tel Aviv University, Tel Aviv, Israel
Corsi, Sandra. University of Teramo, Teramo, Italy

Davidson, Nick. Ramsar Secretariat, Gland, Switzerland.

de Mello, Carlos Rogério, Departamento de Engenharia, Universidade Federal de Lavras, Lavras/MG,
Brazil

Fleiner, Renate. ICIMOD, Swirzerland

Friedrich, Theodor. FAO, Rome, Italy

George Lukacs, James Cook University, Townsville, Australia

Goddard, Tom. Alberta Agriculture and Rural Development, Edmonton, Alberta, Canada
Gonzalez-Sanchez, Emilio. University of Cérdoba, Spain

Gregersen, Hans. Minnesota University, USA

Harwood, Richard. Michigan State University, USA

Hussein, Meral. University of Ottawa, Ottawa, Canada

Kassam, Amir. University of Reading, United Kingdom

Kim, Ik-Jae. Korea Environment Institute, Korea

Kim, Kwi-Gon. Emeritus Professor, Seoul National University, Seoul, Korea

Laurent, Francois. Université du Maine, France

Li, Hongwen. China Agriculture University, Beijing, China

McCartney, Matthew. International Water Management Institute, Vientiane, Lao P.D.R.

Mclnnes, Rob. Director, RM Wetlands & Environment Ltd, Oxfordshire, United Kingdom
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Mello, Ivo. No-Till Federation of Brazil (FEBRAPDPPonta Grossa, Parand, Brazil
Moreno-Casasola, Patricia. Red de Ecologia Funkibrsituto de Ecologia, Veracruz, México
Nurbekov, Aziz. ICARDA, Tashkent, Uzbekistan

Okruszko, Tomasz. Division of Hydrology and Water Resourcégarsaw University of Lifg
Sciences, Poland

Peiretti, Roberto. No-Till Association of Argentif@dapresid), Rosario, Argentina
Pretty, Jules. University of Essex, Colchester, UK

Ralisch, Ricardo. University of Londrina, Brazil

S4, J6a Carlos Morales. University of Ponta Grd3sazil

Shahriar, M. Wahid. ICIMOD, Bangladesh

Sharif, Asif. Farm All Technology Pvt. Ltd, Lahotf@akistan

Shrestha, Arun Bhakta. ICIMOD, Nepal

Sinun, Waidi. Conservation & Environmental ManagatmBivision, Yayasan Sabah Group, K¢
Kinabalu, Sabah, Malaysia

Sturny, Wolfgang. Swiss No-Till, Ligerz, Switzerkan
Thierfelder, Christian. CIMMYT, Zimbabwe
Uphoff, Norman. Cornell University, Ithaca, USA
Wani, Suhas. ICRISAT, India

Yakushina, Ekatarina. McGill University, Montre@uebec, Canada
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CHAPTER 2 Forests

2.1  Scope of the assessment

When considering thaydrological functionsassociated with forests (Section 2.4) and theltsegu
impact on the delivery aécosystem servicg€Section 2.6) it is often the activities that tgkace (or

do not take place) within closed forests (or op@oaland) rather than the impact of individual trees
that require assessment. Thus the focus of thithegis of hydrological functions and ecosystem
services strictly should relate to ‘Forestlands. (@/etlands’) rather than ‘Forests’, to capturetibo
the effects of individual trees and the impacts nedinagement practices on soils, water and
microclimates within forested areas. The interactdd hydrological functions with forest functions
for carbon capture and retention will be discusssghrately in Section 2.6.

This assessment covers all global forests alondatitadinal gradient from boreal forest (50%60)
to temperate forest and then tropical forest (Felegl, 2005). Tropical forests include small areas of
Tropical Montane Cloud Forest.

2.2 Global extent of forests

Forest and woodland areas with more than 10 peitceatcover currently extend over 4 billion
hectares or 31 percent of the land area of theeg(fiy. 2.1). FAO (2010) hase estimated that 65
percent of these forests are, however, in a distudbate. Hansest al (2008) suggests that this figure
may be even higher for lowland evergreen rain tareshe tropics. Further disturbance is expected,
given that some 30 percent of the world’s forestscdassified as Production (rather than Protegtion
Forest where commercial forestry operations predatei plus a further 16 percent of the world's
forests are unclassified (FAO, 2010) and likelybt subject to disturbances. Within some tropical
regions, notably Asia, tree planting is off-settithge rate of forest loss. Within this region, newly
forested areas now exceeded 120 million hectar&® (R010). The global rate of reforestation and
afforestation cannot, however, offset the net lok3-11 million knf (0.7-1.1 billion hectares) of
closed forests over the last 300 years (Faeyl, 2005); this includes 2.4 million Kmand 3.1
million km? lost from North America and Europe, respectivayyantet al, 1997). Indeed, Drigo
(2004) calculated a ratio of 18-24: 1 for the batarbetween closed forest destruction to forest
planting. Consequently, it is essential that tihat synthesis properly quantifies the significante
findings pertinent to the globally extensigisturbed natural forests addition to those studies from
undisturbed natural forests and plantations.

Fig. 2.1 Extent of global forested area (> 10 pertee cover) from FAO (2010).
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2.3 Hydrological processes within forests

The subject of the interaction between forestswaatér is plagued by myths, misinterpretations and
too hasty generalisations (Andréssian, 2004; CHa@®5; Tognettiet al, 2005). This problem is a
century old, with Pinchot (1905) noting “...it is wmfunate that so many of the writing & talking
upon this branch of forestry has had little deérfdct or trustworthy observation behind it. Therid

& the enemies of the forest have both said more thay could prove...” (cited in Andréassian,
2004). Part of the misconceptions and debate ahelnteraction between forests and water globally
is due to the ambiguous or even incorrect use dfdiggical terms. It is therefore essential that th
section on the evidence for the hydrological fumtsi of forests is preceded bypeecise scientific
definition of thehydrological pathwaysinderpinning the hydrological functions of foresisless the
hydrological pathways are defined correctly, acdatp quantified and not confused, then the
hydrological functions of forests are likely to geossly misinterpretedHydrological pathways are
also called ‘water-paths’, ‘runoff pathways’ andréamflow generation pathways’ when referring to
the pathways of water penetrating the forest canogyavel on or beneath the forest floor towards a
stream channel. Within this synthesis, the hydrclligpathways within the forest canopy (i.e.,
rainfall and snowfall reaching the forest canopggud water interception, wet-canopy evaporation,
throughfall, stemflow and transpiration) are dis&dsin addition to the runoff pathways.

The hydrological pathways that may be present witla forest environment are shown
diagrammatically within Fig. 2.2. The hydrologigathways shown are: A = rainfall and/or snowfall,
B = horizontal (occult) precipitation capture, Gvet-canopy evaporation (or interception loss), D =
transpiration, E = throughfall and stemflow, F filiration-excess overland flow, G = infiltratiohi

= lateral subsurface flow in soil strata, | = lalesubsurface flow in regolith and/or rock, J =
saturation overland flow (including recharge byratflow), and K = riverflow (or channel flow).

Rainfall and/or snowfall (Path ARainfall is defined here as precipitation in lidgitate received in a
raingauge located at the top of the canopy forasbpy (or a canopy gap) and with a funnel facing
vertically (as separated from an occult preciptatgauge). Within this study, use of the term
‘rainfall’ without any qualifiers only refers to fgss rainfall’, i.e., the rainfall received aboveya
vegetation canopies, and not to ‘net rainfall’, ghiis the rainfall received beneath vegetation
canopies (i.e., throughfall and stemflow combine&f)owfall is the depth of precipitation collected
using a snow pillow or by the melting of snowfaita funnel facing vertically. Clearly this depthyna
be different to that preferentially trapped by ae&i canopy and is particularly important in boreal
forests (Suzuki and Nakai, 2008).
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Fig. 2.2.Hydrological pathways are shown within a foredtéidlope schematic, but present at scales
from 0.1 knf experimental basins to international basins cageniillions of square kilometres.
Adapted by NA Chappell from the original diagramNigk Scarle (with permission) published in
Douglas (1977) Humid Landforms. MIT Press.

Horizontal (occult) precipitation capture (Path B}dorizontal or occult precipitation is that
component of the precipitation measured using c¢efgior meshes that can capture occult
precipitation (i.e., mist, fog etc: see Bruijnzethl, 2010).

Wet-canopy evaporation (Path G)Vet-canopy or wetted-canopy evaporation (Stewl&@,7) is the
depth of water evaporated to the atmosphere frotted/garts of vegetation surfaces (i.e., leaves,
branches and stems). This includes a forest caaogya forest understory. Note that term wet-canopy
evaporation is used in preference to ‘interceptmss’ as ‘interception loss’ can be confused with
‘interception’, which means the water intercepted @& vegetation canopy, some of which will
penetrate and reach the ground as throughfall sardflew (see below), while some will leave the
canopy as wet-canopy evaporation, and some stoesmapotrarily on vegetation surfaces.
Volumetrically, wet-canopy evaporation is most impat in areas of low rainfall intensity, high
rainfall totals, high wind run and forest canopigeish a high leaf area index (Molchanov, 1960;
Calder, 1990; Robertt al., 2004).

Transpiration (Path D):Transpiration is the evaporation of water fromhivitplant stomata into the
atmosphere. This process is supported by wateraabstl from the soil by plant roots and transported
to the stomata within plant xylem.
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Throughfall and stemflow (Path EJhroughfall is the component of the ‘gross raihf@ometimes
with some occult precipitation) that penetratesegetation canopy by either falling through gaps
between branches and leaves or by hitting a brantdaf before then falling to the ground. Stemflow
is the component of the ‘gross rainfall’ that reesla branch and then travels along to a plant stem
its way down to the ground surface. After integnatof several days of data, the gross rainfall inu
the net rainfall is equal to the wet-canopy evapona

Infiltration-excess overland flow (Path F)¥hen the rainfall intensity (e.g., mm/15-mins omshr)
exceeds the saturated hydraulic conductivity ofghmund surface (equal exactly to the infiltration
capacity, and also in mm/15-mins or mm/hr) theiitiation-excess overland flow will occur either
on (Horton, 1933) or laterally within the foredtdr layer (Hewlett, 1982). This hydrological patyw
has been considered by engineers (civil, agricailtand hydrological) for the last 80 years to be th
dominant pathway of water to rivers during rainster Experimental evidence collected over the
same period (by experimental hydrologists, forgatrblogists, hillslope hydrologists and scientific
hydrologists) does, however, show that this pathisag volumetrically insignificant component of
the river hydrograph (Hursh and Brater 1941; Duibr@985; Chappelét al, 2006), except for a few
isolated locations. Simply, the saturated hydraabaductivity of the ground surface beneath most
vegetated surfaces (forest, grass or crops) imfaxcess of the dominant rainfall intensity at mos
locations. The exceptions occur in areas of slopgymeable soils (e.g., FAO Gleysols, FAO
Vertisols), particularly where they coincide witheas of very high rainfall intensity (e.g., areas
beneath the tracks of tropical cyclones). Intenm@paction of topsoil by vehicles (Zieglet al,
2007) or livestock trampling (Boned#t al. 2010) can also locally reduce the infiltratiompaeity
sufficiently to give locally significant volumes dfverland flow. While the infiltration-excess
overland flow pathway may not transport most of tegter that reaches the most rivers, it is of
fundamental importance to the transport of soitiplas (and bound chemicals such as phosphorus or
pesticides) during the process of soil erosion §setion 2.6 and 2.8).

Infiltration (Path G): The movement of water into the topsoil (or grouswuface where soil
development is absent) is defined as the infiltragicf. Hewlett, 1982 definition of infiltration-erss

overland flow). In most areas of the globe at ntimses, rainfall (gross or net) is able to infileahe

topsoil.

Lateral subsurface flow in soil strata (Path HOnce water has entered the soil by infiltratiomay
then percolate vertically into underlying stratauofonsolidated rock (e.g., saprolite, glacia) tl a
solid rock aquifer (i.e., a rock with both a hightuwwated hydraulic conductivity and porosity), wher
either are present. Alternatively, all or a projwortof the percolation may be lateral (i.e., dowps)
within the A and B soil horizons to emerge in ariehannel (or prior to a channel via ‘return flow’
Cook, 1946).

Lateral subsurface flow in unconsolidated rock andéolid rock (Path 1):Where deep strata of
unconsolidated rock are present (e.g., graniteolitg)y and are between a permeable A and B soil
horizon and a impermeable rock strata, then lafknaltowards a river can take place with this laye

If the solid rock has a high saturated hydrauliedractivity and porosity (a rock aquifer by defioiti)

and lies beneath permeable overlying horizons, therdominant lateral flow towards the river will
be within the rock. These deeper hydrological pafssend to have a slower response to rainfall in
comparison to the shallower pathways in the A andsdd horizons. Lateral flows within
unconsolidated rock and/or solid rock aquifers bandescribed as ‘groundwater’, though care is
needed, as hydrogeologists use this term to desorily flow within the permanently saturated strata
The role of these deeper pathways in streamfloveigeion (Hursh and Brater, 1941), have been
incorrectly ignored by many studies (Bonell, 2004).

Saturation overland flow (including recharge bywuet flow) (Path J):Where subsurface flow (within
Path H and/or I) emerges from the ground prioretching a channel (‘return flow’) then it will flow
over the surface as saturation overland flow. bs¢h‘'wetland’ areas, overland flow may be present
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where the prevailing rainfall intensity is less rihthe local saturated hydraulic conductivity. Any
rainfall falling onto these saturated topsoils witieir upward return flow will not be able infilteg
and so add to the volume of saturation overland fliavelling towards the nearest river channel.
Because subsurface flows tend to converge on clgrhe riverside (or ‘riparian’ or valley bottom)
soils have a greater likelihood of generating sdiom overland flow (Kirkby, 1976).

Riverflow (or channel flow) (Path K®Pnce water from overland and subsurface pathwRgthé F,

H, I and J) enters a defined river channel it tbesomes riverflow. This hydrological pathway is
responsible for the transport of water, particles golutes over long distances within landscapes
whether covered by forest or other land-uses. tBtrithe termrunoff is the river discharge per unit
basin area (e.g., units of mm/hr), particularlyhivitwater budget and modelling studies. Use of this
term is, however, avoided because of the ambiguiging from its alternative use to described rapid
overland (Paths F and J) and rapid subsurface pgth{ath H and sometimes Path | also).

2.4 Observed evidence for the hydrological functions of forests

Any review of the observed evidence for the hydyaal functions of forests has to manage the huge
wealth of literature on certain topics, in addititd managing the problem of myths and
misinterpretations noted earlier. Some topics, biptéhe effects of forest on the available water
resources in rivers (‘annual water yield’) havearged much study, while the effects of forestedare
(forestlands) on water quality (relative to thatotiier land uses) have received comparativel littl
study (Chappelet al, 2007). Given these issues, several guiding e have been established to
structure the review and synthesis of the findiingsy boreal, temperate and tropical environments.

2.4.1 Guiding principles for reviewing the observewidence of the hydrological functions of
forests

The synthesis attempts to identify all hydrologydia¢ed processes operating in natural forests (of
boreal, temperate and tropical environments) amuhtptions. Given the political significance of
carbon capture and retention globally, and its liokthe hydrological functions of forests, this
additional forest function will be incorporated kit the overarching perceptual model or schematic
diagram (Fig. 2.4) and in a separate discussiocti(Be2.5).

All of the hydrological functions to be identifiedust be capable of being linked unambiguously to
specific hydrological pathwaygSection 2.3), and consideration of the relativpartance of each
hydrological function globally must be consistenthwthe relative importance of each hydrological
pathway involved.

This synthesis is explicitly based dgorous observational evidendee., well-designed field studies
where observed data and findings have been sutgepeer review). Ideas, views, concepts and
models are only discussed where they relate tolikerved evidence, or its absence.

Much observed evidence of the hydrological funcdriorests has come from direct comparison of
the behaviour of forested basins (in responsee® ¢utting or planting) with that of adjacent non-
forest basins. These so callegired-catchment studig€sr paired-watershed studies in the USA) have
been and remain important to the study of foresemateractions (Swank and Crossley, 1988; Webb
et al, 2012).

Some reviews of the hydrological function of foseftcused only a limited number of beneficial
effects to ecosystem services, while others havaskd on a similarly limited number of negative
effects to ecosystem services (e.g., Hayward, 20@5)s important that ealanced approach
presenting thelominant mode of behaviour of all hydrological ftioes of forestwhether resulting

in positive or negative effects to ecosystem sesigs given (Bruijnzeel, 1990; Chappell, 2006;
Chappellet al, 2007). Notable exceptions (often location spektb the dominant mode of behaviour
should be presented, particularly given that thesiten to designate a dominant mode of behaviour is
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partly subjective. Additionally, these exceptioms atypical responses of a hydrological function)
need to be known where new management optionsi¢8ezi8) or policies (Section 2.9) are to be
advocated.

To facilitate a balanced view of the observed evigefor the range of hydrological functions within
forests, a ‘traffic light schematic’ is used to suarise the findings for each hydrological function.
The schematic diagram (Fig. 2.3) shows: (1) whetherforest impact on a specific hydrological
function is broadly positive (green circle) or ntéga (red circle) for the dominant ecosystem seaxvic
delivered, (2) the strength of evidence of the oles®impact globally (i.e., from one circle for yer
few rigorous studies to three circles for numenogsrous studies in different global forests), 48
the global extent of the impact. Where the foregtact on a function is specific to a small area of
globe (e.g., cloud forests), then this is showrhweinall circles. Where the studies indicate that th
impact is widespread across the globe, then tlgBasvn with large circles (Fig. 2.3).
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Fig. 2.3 A traffic light system for summarising tbleserved evidence for the effect of forests on
hydrological functions

2.4.2 Summary schematic of the hydrological funatéoof forests

The schematic diagram illustrating the possible roladjical functions of forests (but not their
magnitude, level of evidence or spatial extentyii®n in Fig.2 .4. These functions are shown in a
way that illustrates their linkage to the undentyihydrological pathways (Fig. 2.2). The direct
hydrological functions shown are the: water avdlitybvia evaporation function (F1), precipitation
capture function (F3), microclimate function (Féphanced infiltration (and reduced overland flow
on slopes) function (F5), reduced slope erosiomrtian (F6), exclusion of pollutant inputs function
(F7), downslope utilisation of leached nutrientsidiion (F8), downslope (and coastal) physical
function (F9), peak-flow damping and low-flow enbament function (F10), and enhancement of
river water quality function (F11).

The carbon dioxide capture function (F2), and a@quarbon source function (F12) is also shown to
allow this schematic to illustrate the links to tiy@rological pathways and functions, but is diseds
separately in Section 2.5.

The observed evidence for each of the hydrolodigattions of forests will be discussed in the
following sub-sections.
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Fig. 2.4. Hydrological functions of forested areas include the important fluxes of gaseous,
dissolved and particulate carbon that are tranegday latent heat flux and riverflow. Each function
is numbered where 1 = Water availability via evapion function (-/+ve), 2 = Carbon dioxide
capture function (+ve), 3 = Precipitation capturedtion (+ve), 4 = Microclimate function (+ve), 5 =
Enhanced infiltration (& reduced overland flow dopes) function (+ve), 6 = Reduced slope erosion
function (+ve), 7 = Exclusion of pollutant inputsitction (+ve), 8 = Downslope utilisation of leached
nutrients function (+ve), 9 = Downslope (and colagthysical function (+ve) 10 = Peak-flow
damping and low-flow enhancement function (+ve)=1Enhancement of river water quality function
(+ve), 12 = aquatic carbon source function (+ve).

2.4.3 Water availability via evaporation function

The presence of trees (rather than herbaceousatiegetcrops or bare ground) may affect the annual
availability of water resources within deep grouathy (Path 1) or rivers (Path K). The effect okse
on the provisioning ecosystem service of water Bugpe., the water people abstract from the
environment) is primarily via the evaporation fuoot Trees and forests affect the evaporation
function via changes to the wet-canopy evaporgtiathway (Path C) and/or transpiration pathway
(Path D). The total evaporation is known by the Aoan term ‘evapotranspiration’.

A huge number of paired-catchment studies have bsed to examine the effects of removing trees
from boreal, temperate and tropical forests andeffects of planting trees on the annual waterdyiel
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of rivers. These studies have addressed forestadea (‘deforestation’) and the selective logging
practices characteristic of many tropical fored#any studies show that natural forests and
plantations have higher rates of evaporation thearby herbaceous vegetation and so leave less
water resources available in rivers. The highepexation relates to: (1) deeper tap roots thathte

to continue to abstract water during dry seasomred@ellet al, 1996), (2) a greater leaf area index,
particularly with conifers, giving greater ratesvaedt-canopy evaporation (Calder, 1990), and (3 hig
growth rates and lower water use efficiency for ngulantation trees (Vertesst al, 2003).
Rigorous reviews (e.g., Andréssian, 2004) of thailakle studies have however shown that the
impact of the removal or addition of trees from #ane catchment proportion gives very different
changes in the annual river discharge per unit @ne& Fig. 2.5). Some studies show large reductions
of water yield in rivers, while others show onlyahor no changes.
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Fig. 2.5 Changes in the annual river dischargaupirarea due to tree removal or planting, from
Andréssian (2004 J. Hydrol. 291: 1-27)

There are indications that differences in ‘treeetyaffects evaporation. The review of Browhal
(2005) that focused on forests in boreal and teaipdocations, showed that conifers generally used
(transpired) more water than hardwood trees (Fig). Zhey also noted that assessments were very
sensitive to whether the ‘peak change in waterdyiet an ‘average change over the duration of the
study’ was used.

Perhaps the clearest findings of the impact ofst@ethe evaporation function are from the study of
Zhanget al. (2001). They reviewed 250 catchment-based, waddance studies from across the
globe, including 35 from countries within the huntrdpics. They demonstrated that the difference
(mm) between water use by forests relative to lbyagrassland increases as the annual rainfall (mm)
increases. Their model, fitted to the large numifedata-sets with a correlation coefficient of Q.96
showed that forests typically have much greatempenation rates than grasslands where rainfall
exceeds 2000 mm/yr, but comparable rates whertaliamless than 500 mm/yr (Fig. 2.7).
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Fig. 2.7 Evaporation by forest and grassland bgsims/yr) against annual rainfall from Zhaagal
(2001 Water Resources Res 37: 701-708)

In contrast to the large number of studies thatehexamined forest impacts on annual river yield,

very few observational studies have examined thEaanhon deep groundwater resources (Zhang and
Schilling, 2006). There is also a lack of rigordigtd studies that compare forest water use against
that by irrigated crops and theoretically, irrigatiin once forested areas may offset the effects of
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forest removal (see Ozdogenal. 2010). This is particularly important in the smael tropics regions
where rates of potential evaporation are very high.

As forest cutting may locally reduce the amountvater returned to the atmosphere, rainfall totals
produced by local re-cycling may be affected. Esiem observational evidence for this effect is
however lacking (Bruijnzeel, 2006). In part thisoscause a significant proportion if the rainfaleo
land is derived from ocean evaporation (Goessling Reich, 2011) and partly because of the
difficulty in attributing decadal changes in raithfoo land-cover change rather than the effects of
natural climate dynamics (Chappell and Tych, 20I3)e study of Lawtoret al (2001) does
however, present observations to show that defttiest of lowland rainforest in Costa Rica has
reduced local cloudiness. They then show by sirmrathat this may affect rainfall (Path A) and
horizontal precipitation (Path B) in downwind clotmtest. Many more observation-based studies
such as Lawtoret al (2001) are however needed to show the true rbldetorestation on local
moisture recycling.

Given that a reduction in surface-water or grourtdwaesources for water supply abstractions is a
negative impact on this provisioning ecosystem isergand is particularly important in the dry
season: Avila, 2011), then most observational exidendicates that the impact should be considered
as negative for high rainfall regions (Fig. 2.8)véh the number of studies collated by the reviews,
this observed evidence is considered to be wedbest for such regions. There is also no reason to
believe that this phenomenon does not apply adewge areas of the globe (i.e., humid tropical or
humid temperate environments). The studies conduicterelatively dry regions of the globe and
reviewed by Zhangt al (2001), do however show no or little differenneniater use by forest versus
grassland. This finding indicates a neutral impafcforests on water resources (‘an orange traffic
light: Fig. 2.8). By incorporating the potentiakhefits of forests to local moisture recycling may
indicate that the overall impact of forests on wateailability is closer to neutral, than many ews
would suggest.

A further exception to the impacts summarised ig. 2.8 is the localised impact of forests within
riparian zones (Sections 2.2.4.9 and 2.2.4.10)igh Inainfall areas. Here the greater evaporation
resulting from the presence of forest might be seem positive impact, as greater soil drying can
reduce the amount of saturation overland flow (Rathnd hence reduce the transport of chemicals
(Sections 2.2.4.9) and soil particles (SectionslPyto rivers (Hernandez-Santagtzal 2011).

low rainfall regions high rainfall regions

- v v X\

A 4 4 4

Fig. 2.8 Summary of the findings evater availability via evaporation functioof forest (see Fig. 2.3
for key)

2.4.4 Precipitation capture function

Very high altitude areas are frequently in cloudrdsts within these areas are more efficient at
capturing cloud water than low herbaceous vegetafibis means that forests are better at capturing
water from within clouds. This process is how ah&oud Water InterceptiofCWI: Bruijnzeelet

al. 2010), and formerly ‘fog interception’. During GWheasurementHorizontal (wind-driven)
Rainfall is also captured (both give Path B of Section .@f3). Locally, rates of CWI can be very
high, for example Juvik and Nullet (1995) recordbdoughfall beneath Tropical Montane Cloud
Forest that was 120-180 percent of the open sédi¢al) rainfall. The areas of Tropical Montane
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Cloud Forest that are able to capture significaritimes of rainfall by this mechanism only occupy
215000 krfi of the globe or 1.4 percent of tropical forestuiBrzeelet al 2010).

Some boreal forests are in areas with a signifipapportion of precipitation received as snowfhl.
comparison to herbaceous vegetation, the highespies and leaf area index of forests can capture
more horizontal and drifting snow.

Where the enhanced capture of precipitation bystedk areas can be better utilised than if it fell
elsewhere (e.g., at sea: Pradal, 2010), then this function should be consideed positive impact

on the provisioning ecosystem service of water Bupphe area of the globe where forests can
enhance the capture of cloud water is however gifgl 2.9).

Fig. 2.9 Summary of the findings on theecipitation capture functioof forest (see Fig. 2. 3 for key)

2.4.5 Microclimate function

Closed forests and open woodlands provide shadeditect solar radiation, shelter from rainfall and
wind, plus regulate the humidity and temperatuodl énd air) beneath their canopy (Gardieeml,
2006; UK National Ecosystem Assessment, 2011). Mausservational evidence comes from
ecological studies along forest edges (e.g., Fehtal, 2010; de Siqueirat al, 2004; Davies-Colley
et al 2000).

Tree shelterbelts (and forest edges) also affectrttroclimate of adjacent land and can positively
affect livestock production and the growth of crdbsough reduced evaporation (Delwaulle, 1977;
Brenner, 1996) and increased soil moisture (Muthethal 1984; Ujah & Adeye, 1984). These
changes positively affect the provisioning ecosysservice of food production.
The impact of trees on microclimate positively affeuman comfort in villages and towns (Handley
and Gill, 2009) and so the regulating (and assediaultural/recreational) ecosystem service of the
mitigation of climate stress. Additionally, ripamidrees regulate stream temperature (Studietsél,
2012) and so enhance the supporting ecosystentsaf/aquatic habitat (see Section 2.4.10).
The findings from the observed evidence for theramlimate function of forest is positive and should
be extensive, but have not been collated systeatigti¢ig. 2.10).
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Fig. 2.10 Summary of the findings on tmécroclimate functiorof forest (see Fig. 2.3 for key)

2.4.6 Enhanced infiltration (& reduced overland W on slopes) function

There is clear observational evidence that infittra capacity of forest topsoil (equivalent to the
saturated hydraulic conductivity of the topsoilesgection 2.2.3) is typically greater than that of
adjacent topsoil beneath grassland. This differeneg be partly explained by the presence of a
deeper litter layer, greater organic matter ingatthe topsoil and an absence of livestock trangplin
within most forests. Chandler and Chappell (2008yide a table showing that the ratio of these two
values is always larger than 1, and often consiferdarger (Fig.2.11). More recently, Alvarenga

al. (2011) report a ratio of 5-15 for Cambisol sathbathMiconia sellowianatrees relative to that
beneath grassland.
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With a higher infiltration capacity, there is aneavgreater likelihood that almost all net rainfaill
infiltrate beneath forests, and minimise the prdiduacof infiltration-excess overland flow (Path if i
Section 2.2.3). The greater infiltration will reduthe rate of soil erosion on slopes (having a
mitigating impact on slope erosion: Section 2.4y thereby enhance the regulating ecosystem
services of reduced soil loss and enhanced watalitywf rivers. These services have indirect
impacts on provisioning services of food productonl water supply, respectively.

If the presence of trees in a landscape with deepnglwater pathways (Path I; Section 2.3) can
markedly reduce the proportion of the riverflow tfiP&) that is generated by infiltration-excess
overland flow (Path F), then the enhanced infibratcould add greater water resources to deeper
groundwater reserves used for water supply or tberes hydrological pathways that maintain
seasonal rivers during low-rainfall seasons (seddw-flow enhancement function in Section 2.4.10).
This function would enhance the provisioning sexvaf water supply. Few rigorous studies have
addressed the water resource significance of tfiération function, and new studies are needed,
particularly within seasonally dry areas (Bruijniz2@04).

FIG Sail type*  Tree type” Reference

2.0 Luvisol Eucalyptus spp. Lorimer and Douglas [1995)
L nk Eucalyptus spp. Burch et al. [1987)
3.4 Gleysol Quercus robur This study

4.8 nl Pinus insularis Costalles: [ 1979)

2.2 ik Pinus halepensis Berglund ‘et al. (19811
4572 Cambisol Quercus robr Burt et al. {1983)
23-12 Ferralsol Eucalyptus/Gravillea spp. Wood (1977)

14 Mitisol Hibiscus elurus Ternan et al. [ 1987)
20 Andosal Podocamp Jackson (1973)

23-41 nk Quercus spp. Melchanov (1960)
50° Litisol Quercus spp. Hoover [ 1949)
17-140  Cambisal Eucalypius spp. Wood (1977)

F/G = ratio of the topsoil saturated hydraulic conductivity under trees to that under
pasture (ranked by magnitude). [ nk] not known.

* FAD-UNESCO classification.

Y Dominant or representative free species.

“COArD 3m from Tree Mo, 1.

! Reported as ‘dark grev soils’,

0.1 m depth.

Fig. 2.11 Ratio of the saturated hydraulic condutgtiof the topsoil (A soil horizon) under forest
compared to that under grassland for 12 studigewed by Chandler and Chappell (2008 For. Ecol.
Manage. 256: 1222-1229; see this paper for theamdes cited therein).

Where soil infiltration capacity is very high betieaa pasture or cropland, so that virtually no
infiltration-excess overland flow is produced, thidme addition of trees may have a measureable
impact on the infiltration capacity, but no measinle impact on the infiltration-excess overlandvflo
(Gilmour et al, 1987). Equally, it should be noted that the fieizd effects of forests on infiltration
are not as great, where there are is a high lickstiensity and hence marked soil trampling and
compaction within forests (Bonedt al, 2010).

Despite these exceptions, there is ample obsenatevidence that the infiltration function of fete

is clear, positive and extensive (Fig.2. 12).

Fig. 2.12 Summary of the findings on tinéltration functionof forest (see Fig.2.3 for key)
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2.4.7 Reduced slope erosion function

There are numerous studies showing that undistunbagdal forest has a lower rate of slope erosion
in comparison to cropland disturbed (tilled) oregular basis. A recent study that demonstrates this
reduced slope erosion function of forests is &fual (2005) who used plot-scale measurements in
Sichuan, China.

As a consequence, these forests maintain riverwatdity, notably lower turbidity and lower levels
of pesticides and faecal coliforms that are trantsgowith the soil particles (see Sections 2.4.8,
2.2.4.9 and 2.2.4.11). Elevated erosion also |leadsccelerated losses of particulate carbon from
slopes to rivers (Sections 2.5.2).

Studies have also reported localised reductiorstojpe erosion as a direct result of tree plantimg) a
growth via the beneficial impact on infiltration darsoil stabilisation. One such study is that of
Vasquez-Menandeat al. (2010) conducted in semi-arid Mexico.

1|

=3 RC

Fig. 2.13 Example of differences in slope erosteR) between undisturbed forest and cropland
(labelled as ‘farmland’) by Liet al (2005 J. Mt. Sci-Engl: 2: 68-75). The runoff dagént (RC) is
also shown.

Where plantation development is accompanied bydsstilirbances associated with artificial drainage,
then the effects of forests in soil erosion mayeegative. For example, artificial drainage priothe
planting of conifers in temperate Wales accelerétedrate of erosion within the studied Hafren and
Tanllwyth basins in comparison to the pasture adrtithe Cyff basin (Fig. 2.14).

Bad-load Suspanded
Araa yiald load

Catchment (km? (tkm 2y ="} [(1km?y -} Land use

Hore .08 11.8 24.4 Matura forast
=firat yoar of
telling
oparatons
Hafran .67 MA 353 Malure forast
Tanlwyth 0.89 a8.4 121 Mature forast
CyH 313 6.4 8.1 Pasture

MHA = not available

Fig. 2.14 Bedload and suspended load resulting &mmsion at the Plynlimon catchments, upland
Wales (from Kirbyet al 1991 loH Report 109).
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Logging of forests (including the associated roadstruction in previously undisturbed natural
forests) significantly accelerates erosion. Evelectwe harvesting of tropical natural forests give
increases in suspended sediment load that are éetwe8 and 52 fold larger than adjacent
undisturbed forest basins (Chappetllal, 2004). During these harvesting periods the rategosion
may be larger than those from nearby pastureldraygh there is a dearth of such comparative
studies.

The key message is that forests not subject toetirhbrvesting operations or artificial drainageenav
lower erosion rates than land covers subject taulaegdisturbance (e.g., tillage or livestock
trampling), that has a beneficial impact on theutating ecosystem services of reduced soil loss and
enhanced water quality of rivers (Fig. 2.15). Theeevices have indirect impacts on provisioning
services of food production and water supply, respely (as noted in Section 2.4.6). This beneficia
hydrological function relates to the effect of: (@)eater soil surface protection, (2) enhanced
infiltration (Path G) and (3) reduced infiltrati@xcess and saturation overland flow (Paths F and J)
all via greater root development and litter-fal]. However, the forest is subject to soil disturdes
due to artificial drainage or harvesting, the pneseof forests may have a negative impact on tte so
erosion function (Fig. 2.15). The key issue maytheepresence or absence of soil disturbance rather
than trees.

Forests with disturbance Minimal disturbance forests

Fig. 2.15 Summary of the findings on tleeluced slope erosion functiof forest (see Fig. 2. 3 for
key)

2.4.8 Exclusion of pollutant inputs function

Large global areas of cropland, grassland or urbevelopment have large inputs of artificial
chemicals (e.g., nitrates, phosphorus, pesticidedjor artificial biochemicals (e.g., faecal caiife
associated with livestock or population centred)ilavthese inputs tend to be absent from most areas
of natural forests, and many plantations (Evan8218377; Chappell , 2005). This function clearly
relates to the management practices within fomesdd, rather than to the effects of individual dree
(see Section 2.1). Liet al (2010) have shown that 136.60 trillion grams ifogen is added to the
world’s cropland each year; almost half as minaitabgen fertilizers. They also demonstrate that tw
fifths of this nitrogen is ‘lost in ecosystems’ eesFig. 2.16 (i.e., stored or transported alongland,
subsurface or river pathways: Paths F, H, |, Jkumd Fig. 2. 2). Similarly, Macdonaldt al (2011)
demonstrate that the agronomic input of phosph@R)sin fertilizer amounts to 14.2 Tg P / yr
globally, and a further 9.6 Tg P / yr is added aume. They show that only 12.3 Tg P / yr are
removed in crops, leaving a major imbalance andcéestorage or transport along overland,
subsurface or river pathways: Paths F, H, I, Jland Fig. 2.2. Microbial contamination of water
resources (e.g., faecal coliforms or cryptosporigius also an issue within non-forest areas. For
example, Bolstad and Swank (1997) demonstratedlbewevels of faecal streptococcus within the
Coweeta forested catchment (USA) increased dovarstras urban development increased.

The absence or exclusion of large inputs of ardfichemicals or microbial contaminations within
most natural forests means that groundwater (Pa#imd river-water (Path K) draining from these
forests dilutes the effects of contaminated drainage from the rotaad-uses. This exclusion of
pollutant inputs function of forests consequenths ka large positive impact on the provisioning
ecosystem service of the supply of clean wateaBldtfor abstraction and subsequent treatment for
drinking water. It also has a positive impact oa thgulating services of purifying soils and waters
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and hence reducing human risk from contaminateénwatind the supporting service of providing
river-water capable of sustaining life and biodsisy.

(kg ha'yr )

g <25

il 25-50
50 - 75
75 - 100
100 - 125

B 125 - 150

¥ > 150

Fig. 2.16 Nitrogen outputs from cropland globallyu(et al 2010 PNAS 107: 8035-8040).

There are exceptions. Tree-crop plantations, eilgpalm, have high inputs of fertiliser and peistés
(Halimahet al, 2010). Similarly some commercial forests in tHeA and elsewhere are treated with
pesticides. Some agro-forestry systems in the dsopig., India, have high livestock densities and
hence risks to water resources from microbial aomtation. Indeed, many of the conifer plantations
within the catchments of water supply reservoirstie UK were added to exclude the risk of
microbial contamination that was perceived to ewigh the former land-use of grassland supporting
cattle.

Given that the exclusion of pollutant inputs fuootiapplies to most natural forests (and these
dominate globally: Section 2.2), its positive impabould be considered extensive globally (Fig.
2.17). The lack of rigorous studies that illustrétte effects on water quality of low-input forests
versus high-input land-uses does however need tighdighted. The observation that some forests,
notably tree-crop plantations can have high chenmgaits also needs to be highlighted, even though
they may be much less extensive (Fig. 2.17).

Most natural forests Exceptions, notably
tree-crop plantations

( O
Al
Fig. 2.17 Summary of the findings on tleclusion of pollutant inputs functiarf forest (see Fig. 2.3
for key)

2.4.9 Downslope utilisation of leached nutrientsriction

There has been considerable research into the wéltrees in riverside or flood-plain areas (often
called ‘riparian areas’) in mitigating water quglissues resulting from other land-uses upslope.
Given the appropriate moisture regime and supplsadbon, trees within downslope areas can utilise
nutrients leaching from upslope areas via overtamslbsurface pathways (Paths F, H, | and J: Fig. 2
3). High inputs to downslope areas often resultabse of the high artificial fertiliser inputs to
cropland or improved pasture in the upslope aréhs.widely cited study of Peterjohn and Correll
(1984) undertaken in Maryland (USA) clearly demoatsts how downslope forest can remove
dissolved nitrogen from overland flow (Paths F and): that they called ‘runoff: Fig. 2.18) and
subsurface water (Paths H and/or |: that they dafjeoundwater’: Fig. 2. 18) draining from cropland
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Riparian forest has also been used successfulhgdace nitrate levels in contaminated rivers by
diverting some of the riverflow into riparian fotaesa irrigation channels, to then return via desa
channels (Gumieret al 2011). Additionally, the negative effects on rivetrate loads of forestry
drainage and logging operations with commerciadts have been reduced by drain blocking within
riparian forest (Hynnineat al,, 2011) or preventing harvesting of riparian fo&dinton, 2011).

Given the importance of carbon to denitrificatiamdao food webs, the enhanced litter-fall under
riparian forest compared to other vegetation covexs been shown to be a beneficial function
(Newhamet al 2011).

Critically, the effectiveness of riparian foresttie function of chemical removal from surface and
subsurface waters is site specific, being depenalen{l) the local biogeochemical conditions e.g.,
carbon availability and (2) the local hydrologicabnditions e.g., soil moisture content and
hydrological pathways (Bust al, 2010). Consequently, this hydrological functman have neutral
or positive impacts on the same provisioning, retiod and supporting ecosystem services as the
exclusion of pollutant inputs function (Section .8} Systematic global analysis of the extent ef th
conditions conducive to the effectiveness of thggnian forest function is however needed (Fig.
2.19).
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Fig. 2. 18 Total nitrogen flux from cropland toieer via a downslope forest (Peterjohn and Correll
(1984 Ecology 65: 1466-1475).

O o @

Fig. 2. 19 Summary of the findings on tth@wnslope utilisation of leached nutrients functadriorest
(see Fig. 2.3 for key)

2.4.10 Downslope (and coastal) physical function

Riparian forest strips (sometimes known as ‘buffehsve been used to trap sediments and any
sediment-bound chemicals (e.g., phosphorous oicpkest) being transported in overland flow (Path
F or J) from upslope cropland. Peterjohn and Clofi®i84) cited within in the last section is a good
example of where this can be effective. A more meegample is that of Santos and Sparovek (2011)
who demonstrated the value of riparian forestsdpging sediment from upslope cotton farming at a
site in central Brazil. In another recent exampterf Brazil, Bicalhoet al (2010) demonstrated that
herbicides (i.e., Diuron, Haxazinone and Tebuthmlrapplied to sugar cane crops could be trapped
by riparian forest. This water-quality related ftion has similar water-quality related provisioning
regulating and supporting ecosystem services gsréwous downslope function (Section 2.4.9).
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The presence of riparian trees can regulate thentieregime of rivers (see Section 2.4.5). This
function affects the regulating service of watealgy, and the supporting services of aquatic lzbit
and biodiversity.

Additionally, closed forests and open woodland imithiver flood plains are known to reduce the
speed of flood flows travelling across flood plaimere than lower herbaceous vegetation (Straatsma
and Baptist, 2008). This effect reduces the retofnover-bank flows back to rivers (thereby
mitigating downstream peak flows; Section 2.4.50Y also enhances flood plain infiltration (Section
2.4.6). A similar effect is afforded by mangroveefsts that can better attenuate inland flooding by
seawater in comparison to lower herbaceous vegetdGedanet al, 2011). These flood-related
physical functions have the specific regulatorysystem service of mitigating flood hazard further
downstream or further inland, respectively.

As with thedownslope utilisation functiothe effectiveness of the sediment trapping fumcgiaown

as the ‘trap efficiency’), is seen to be site dejegt whether beneath forest or other land-covers
(Ziegler et al, 2006). This also probably applies to the flodterauation potential of forests.
Similarly, no systematic global analysis of theemttof the conditions conducive to the water or
sediment trap efficiency of riparian forests hasrbandertaken, though it is known thigsarian and
coastal-mangrove wetlandsee Acreman — this volume) do cover relativelgdaareas of the globe

(Fig. 2.19).
O o @

Fig. 2.20 Summary of the findings on tthewnslope physical functiaof forest (see Fig. 2.3 for key)

2.4.11 Peak-flow damping and low-flow enhancemendction

The greater rates of wet-canopy evaporation (Pathigc 2.3) from forests compared to those from
herbaceous vegetation occur during rainy perioddd@, 1990; Kumeet al, 2008) and so should
have a direct damping impact on river peak-flowdadrest-covered basins. This effect is however
moderated by the observation that catchment-aver@gs of wet-canopy evaporation (mm/hr) are
typically much smaller e.g., one fifth of thoserwkerflow per unit area (mm/hr). Annual transpioati
rates are often comparable to those for annuatfiive per unit area and so may have a larger impact
on peak-flow if affected by a change of vegetatibranspiration losses from catchment systems are
however distributed over much longer periods that-eanopy evaporation (Kuret al, 2008), so
this may partially negate the beneficial effectpaak-flows inferred from greater long-term ratese T
greater evaporation from forests may have an aahditiindirect impact on peak-flows. Greater
evaporation will dry the soil more, and becauséhefinherent nonlinearities in catchment response
(Young and Beven, 1994), this can have a disprapwately large mitigating effect on the rates of
lateral subsurface flow in soil strata (Path H:.2¢) and so reduce peak-flows.

As noted in Section 2.3, infiltration-excess oveddlow (Path F) does not produce more than a few
percent of the riverflow in most vegetated areashf@uil, 1985). Consequently, an enhancement of
the infiltration capacity (Path G) through the plag of trees (Section 2.3), cannot remove any more
than the few percent of the riverflow generatedirififtration-excess overland flow, and so cannot
significantly effect on the peak-flows in rivers fmost areas (see e.g., Chappelal, 2006). Only in
localised areas of very slowly permeable topsod.(¢AO Gleysol, FAO Vertisol) that coincide with
areas dominated by intense rainfall (e.g., aredswbéhe tracks of tropical cyclones or extreme
rainfall events in other areas of the globe), miglkteffect of trees on infiltration capacity atfeiwer
flows. Clear observational evidence of the efféddboests in these localised areas (Zimmermaal,
2012) or during extreme events (e.g., 1 in 100 yaiastorms) is however lacking for most areas with
humid climates.

Given these complex interactions, changes in pleak-#ds a result of the presence of forests may be
best examined by studying their integrated effectpeak-flow following a land-cover manipulation
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of forest cutting or planting. Guillemetét al. (2005) reviewed the impact of forest cutting amefsts

of boreal and temperate climates. They showedhatut of 75 studies showed either no change or
an increase in peak flow with forest cutting. Mssitdies showed a 0 to 100 percent increase in peak-
flow and a further four studies up to 170 percanteases (Fig. 2.21).
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Fig. 2.20 A review of changes in river peak-flovidaving forest cutting in boreal and temperate
regions by Guillemettet al (2005 J. Hydrol. 302: 137-153).

Most studies from tropical climates similarly inases in peak-flow with forest cutting or reductions
in peak-flow with forest planting (e.g., Fig. 2.21)
The notable exceptions to this general trend awibere the preparation of wetland sites for
plantations involves cutting surface drainage clke&nvhich can add new rapid pathways that can
increase peak-flow (e.g., Fig. 2.22).
The dominance of a beneficial (i.e., reducing) effef forests on peak-flows means that this fumctio
should be considered beneficial to the regulatoasgstem service of flood mitigation. However, the
present inability to explain the wide range in thiéigation effect means that more work to strengthe
the observational evidence is needed (Fig. 2.28xebVer, all of the findings relate to small basins
and should not be extrapolated to the behaviodarge rivers where the effects of channel routing
dominate, where trees have reduced ability to ati@ghannel velocities.
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Fig. 2.21 Decreases in river peak-flow followingdrplanting shown by Mathet al (1976 Indian
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Fig. 2.22 Increases in river flows occurring fofyohO percent of the time (Q10) following the
addition of forestry drainage channels to an uplaatland. The broken line is the ‘flow duration
curve’ prior to drainage, and the solid lines thew duration curves’ for periods post drainage
(Robinsoret al 1998 loH Report 133).

Fig. 2.23 Summary of the findings on theak-flow damping functioof forest (see Fig. 2.3 for key)

The observed evidence for the beneficial effectfoodsts on river low-flows does not match the
perception of local farmers within the tropics @&, 1959). Indeed, the review of comparativerbasi
studies within the tropics by Bruijnzeel (1990) wshd that forests are more likely to reduce river
low-flows and thereby have a negative impact onpttoeisioning ecosystem service of water supply.



Report of the expert group on the role of biodiitgris sustaining the water cycle Page?4 of 179

This negative effect could be attributed to theatge rates of transpiration from forest when
compared with cleared land.

There may be circumstances where forests can eaharer low-flows. In areas of high rainfall
intensity coincident with slowly permeable topsdédsy. FAO Gleysols, FAO Vertisols)

a significant proportion (e.g., 50 percent) of tihveerflow may be produced by infiltration-excess
overland flow (Path F). If a significant proportiaif the infiltration-excess overland flow can be
diverted into the deep subsurface (Path I) via ompments to infiltration and easy vertical drainage
thereafter, then river low-flows might be increasebwever, to observed increases in low-flows
following tree planting, the change in evaporat{omm/yr) must be a smaller than the change in
infiltration-excess overland flow (mm/yr). Thistise so called ‘infiltration trade-off hypothesiand
clear evidence to support this hypothesis has ebbgen collected (Bruijnzeel, 2004). Consequently,
robust evidence for the low-flow enhancement effd#cforest is not yet available (Fig. 2.24), and
further research needed to support this function.

r

A

Fig. 2.24 Summary of the findings on tlav-flow enhancement functiaf forest (see Fig. 2.3 for
key)

2.4.12 Enhancement of river water quality function

Within forests, thaeduced slope erosion functigBection 2.4.7), thexclusion of pollutant inputs
function (Section 2.4.8), theownslope utilisation of leached nutrients funct{@ection 2.4.9) and
the downslope physical functiofection 2.4.10) all mean that natural forestsukhenhance river
water quality. A global assessment of the watelityuaf rivers only draining natural forest versus
those draining cropland, improved pasture or ur@as has yet to be published. Some studies are
however available that show the low nutrient comtation (from agricultural fertilisers: Section
2.4.8) of the largely forested headwaters of thea2om basin relative to other rivers (Figueiredo

al., 2010). There are localised exceptions to thiesknigs — certain tree-crop plantations, notably oi
palm, have high chemical inputs that may leach Raths F, H, | and J) in to rivers (Halimahal,
2010).

Agricultural productivity of croplands is sometimsgpported by irrigation with alluvium-rich river-
water. Where this process increases the ratespafsd®sn of alluvium on the upstream flood plain,
then the natural rates of sedimentation (that ohetunutrients) on downstream river deltas may be
reduced (in the same way that large dams reducenahdoads of alluvium). Where a forest cover
discourages or excludes such irrigation activitieswill enhance the provisioning service of
downstream fisheries and the supporting servicesdédtaic habitat maintenance and associated
biodiversity.

Overall the expected better water quality of rivesthin natural forestlands, particularly due te th
exclusion of pollutant inputs functipshould benefit the provisioning service of clearer-water
available for water supply abstractions, but mareust global data are needed to underpin specific
policy recommendations (Fig. 2.25). Additionallyaimtaining a natural nutrient cycle is supporting
ecosystem service i.e., one that is essentialjoat life.

r
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Fig. 2.25 Summary of the findings on tlieghancement of river water quality functiofiforest (see
Fig. 2.3 for key)

2.5 Related issues: carbon and water cycle interactions

The need to quantify the ability of different typafsbiome to capture, retain or lose carbon is majo
global issue (Yuasmt al, 2009). These ‘carbon pathways’ are closely aataxt with the hydrological
pathways. Whether a land-cover is capturing morearadioxide (i.e., downward flux of GPor
returning it to the atmosphere (i.e., upward flisgneasured directly from the direction of the ioait
wind eddies and the associated concentration irattmesphere, as is evaporation (Paths C and D).
This balance is also affected by the moisture stetuhe soil (i.e., water within Path H; Cabealal,
2011). The loss of carbon from soils into riversiere it is then lost to atmosphere as, (Richleyet

al. 2002) or oceans in dissolved and particulate $ofiNeuet al, 2011), is dependent on the surface
and subsurface hydrological pathways (Paths F, Hahd K of Section 2.3).

2.5.1 Carbon dioxide capture function

Current evidence demonstrates that for the sampeaeate latitude, undisturbed forests capture more
CO, than does grassland (Fig. 2.26; Valentini, 20@-0rests therefore contribute to the regulating
environmental service of better carbon sequestratiowever, some boreal deciduous forests and
some temperate conifer forests have a net ecosystehange that shows they are losing more CO
than they are accumulating (Fig. 2.26). Undisturbegical forests tend to be accumulating ,CO
though not when they are disturbed and drainecat&t al. 2008).

2.5.2 Aquatic carbon source function

Very little observed data are available that chrsitate the differential effects of forest, grassl or
crop land-covers on the release of dissolved amicpkate carbon to rivers, particularly in trogica
environments. Richeet al (2002) controversially suggested that LCd®gassing from rivers in
Amazon basin could amount to %20.3 Mg C / ha / yr, which is equivalent to the d&3ses from
the forest canopy. As forest disturbance acceletateloss of carbon to rivers (Schelkeal, 2012),

the regulating environmental service of better oarbequestration may apply to undisturbed natural
forests. As the carbon naturally added to rivesvigles food for the aquatic biota (Nystrahal
2003), then the maintenance of natural forestdjgodarly in riparian zones, helps maintain aquatic
biodiversity, thereby providing a supporting ecasys service.
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Fig. 2.26 The relationship between latitude andaiteumulation of C©(shown with a positive net

ecosystem exchange, NEE) for: (a) deciduous foffestonifer forest and (c) grassland biomes (from
Yuanet al 2009. Glob. Change Biol. 15: 2905-2920).

2.5.3 Hydrological co-benefits of enhancing the &m function of forests

Of equal importance when considering carbon ancemeycle interactions are thm-benefitsto
hydrological functions that should come from neWesuoes (e.g. United Nations ‘Reducing Emissions
from Deforestation and Forest Degradation’ or REDdDj)etain carbon within the landscape (Section
2.7). If the loss of forest-cover is reduced by RE® forestry management enhanced under REDD+,
then co-benefits to water-related ecosystem sexviteuld be produced (Stricklet al, 2009).
However, scientific investigation is needed to difparthese hydrological co-benefits of carbon
sequestration (Section 2.5), not a return to théhsyor misinterpretations of the forest-water
interactions (Malmeet al, 2010).

2.6  Economic values of water-related forest ecosystem services

Ecosystem services are humankind benefits thaswgplied by natural ecosystems or natural capital
(Kareivaet al, 2011). Those services specifically related tdeware sometimes calledatershed
services(Stantoret al, 2010) orwater servicegPerrot-Maitre and Davies, 2001). The assessnfent o
observational evidence quantifying the hydrologfaaictions of forests was presented in Section 2.5.
This assessment shows that forests deliver a raihg@tershed or water-related ecosystem services.
Six of the ten hydrological functions did howevefate to the value of forests for delivering better
guality water within rivers (Sections 2.4.6, 2.4274.8,.2.4.9, 2.4.10 and 2.4.12). This has diaact
indirect impacts on thability of rivers (and any associated water suppdgervoirs) to provide
resources clean enough for water supply abstrast{@&hmawet al. 2010) Consequently, the regulating
service of water quality (Millennium Ecosystem Assment, 2005) is a fundamental control on the
provisioning ecosystem service of water supply, aadhe hydrological function of water quantity
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(Section 2.4.3) should not be considered in isofafiom the hydrological functions related to water
guality (see above). This assessment of the hygicabfunctions of forests has also highlighted tha
not all management systems within the globe’s ferase beneficial to ecosystem services. Forestry
(within natural forests or plantations) that invedv (1) drainage, (2) the application of fertilsser
and/or pesticides, or (3) intensive logging hasegative impact on various water quality related
functions (see above) and peak-flows (Sectionsl@)4.The absence of drainage and chemical
additions plus the need for reduced impact formsnalber harvesting (Section 2.7) may be required
for the ecosystem service benefits to be seen.

Case studies are available that demonstrate réditices and improved forest management can so
improve the water quality of rivers that the betsefo water supply economics outweigh the costs of
the ecosystem service schemes. A good example cbomasthe temperate forests of the north-
eastern USA. In order to improve the river watealfy in the Catskill and Delaware catchments for
water supply abstractions, the City of New Yorkasted $1.0 to 1.5 billion in improved forest (and
agricultural) management, including reforestatiohis was financed by a 9 percent tax increase to
water bills. Their only alternative was to constracnew raw water treatment plant that would have
required a two fold increase in water bills (Peivtatitre and Davies, 2001; Stantehal., 2010).

To evaluate water treatment costs, the Source Waataection Committee of the American Water
Works Association conducted a survey in 2002 ofeximately 40 water suppliers (Fig. 2.27).

% of Watershed Treatment and Chemical % Change Average Treatment Costs

Forested Costs per mil gal in Costs per day at 22 mil gal
10% 5115 19% 52,530
20% £93 20% $2,046
30% $73 21% $1,606
40% $58 21% $1,276
50% $46 21% 1,012
60% $37 19% £814

Fig. 2.27 Water treatment (including chemical) sdsised on percent of forested water supply
catchment (Ernsdt al, 2004).

Their survey results indicated that for every 1@cpat increase in forest cover in the water supply
catchments (up to about 60 percent forest coweirhent costs decreased approximately 20 percent.
They also found that 50-55 percent of the variatiothe treatment costs could be explained by the
percent forest cover in the water supply catchmgtsstet al, 2004). The reasons for the beneficial
effect of forests were not explained, though tHe af the exclusion of pollutant inputs function of
forestlands (Section 2.4.8) must be a significantdt.

Payments for Ecosystem Servi¢BES) are payments or exchange of credits betweemyer and
seller to effect some improvement in the ecosyssemvice. There is a large potential for these
payments to deliver water quality improvements gitiee current market value of water quality in the
global environmental market (Fig. 2.28).
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Environmental Markar Market Value (2008}

Regulsted Carbon 5117,600,000,000
Water Quality 49, 250,000,000
Biodiversity 52.900,000,000
Voluntary Carbon 5705000000
Forest Carbon 537,100,000

Fig. 2.28 Market value of environmental market2@®98 (Stantoret al, 2010).

The markets for PES includingater Quality Tradingwhere water quality regulated organisations
purchase and trade in offset credits to meet tidigations) are already established across theeglo
and continue to grow (Fig. 2.29).

PI"DKF-III"'I'E- Active Transactions Hiectares Historical Hectarnes
Identified Programs 2008 (LI5S Protected 2008 Transactions Protecoed
BIant [milllan ha) through 2008 Historically
LSS Million)
Latin Arrwerica 101 36 31 3 177.6 NA
Azia i3 9 1.8 0.1 a1 o2
China® 47 a7 7,800 270 40200 270
Europs 5 1 NA NA 30 0.83
Africa 20 10 B2.7 0.2 570 bd
Uinitad States 10 10 1,350 164 B 355 2570
Total PWS 216 113 9,245 283 50,045 3,40
Water Cuality - -
d WHRIRY 32 14 108 NA 52 HA
Tragling

T Mote: We separate China fram the rest of Asia given the levef of activity

Fig. 2.29 Summary of PES transaction data for 20@8historically (Stantoaet al, 2010).
What is currently missing from PES analysis is stexpatic economic valuation of each hydrological
function of forestlands. Without this it is diffitito accumulate the financial benefits for a sfieci
ecosystem service (e.g., provision of water supipbh the multiple hydrological functions. Equally,
it is difficult to estimate thérade-offsbetween the beneficial and negative hydrologioatfions of
forests at a particular location. Research on tmm@mic valuation of each hydrological function of
forests is needed.

2.7 Global and regional policies

A central aspect of the Convention on WetlandsitiBar Convention’) is the ‘conservation and wise
use of wetlands’, under whatever land-cover, indgdorests. Given that riverine, lacustrine and
palustrine (‘bogs’) wetlands typically receive theiater from a much larger catchment area, then the
land-cover on the surrounding catchment is alstulflamental importance to wetland conservation
and management.
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To achieve this mission, Ramsar recognise thatbeftiantification of the ecosystem services
delivered by wetlands is needed (Strategy 1.4iithef Ramsar Strategic Plan 2009-201and
underpinned by a robust understanding of the seiead., hydrological processes and pathways
(Strategy 1.6; Section 2.3). Better scientific findncial evidence for wetland services shouldwali
greater cross-sectoral recognition of the signifteaof wetlands in decision-making. Quantification
of the hydrological functions of forests (whethardr upslope of wetland areas) and the resultant
assessment and valuation of ecosystem servicegdli is just one land-cover type associated with
wetlands, and needs to be considered with thewdgnial, grassland and urban land-covers. There is
also an appreciation that many different hydrolabfanctions affect a particular wetland and it may
have many different users. Hence there is an ajgi@t the different functions and user needs must
be assessed and managed together withitntegrated Water Resources Managemapproach
(Strategy 1.7).

Ramsar is now working more closely with the Coni@nbn Biological Diversity (CBD) to deliver
its goals (Strategy 3.1). At the heart of CBD’saBdgic Plan are 20 targets to be met by 2020,
collectively known as thdichi Biodiversity TargetsSeveral of these targets directly relate to both
wetlands and forests (CBD, 2012). Notably:

Target 11: At least 17 per cent of terrestrial ent@hd water areas are conserved, and

Target 14: Ecosystems that provide essential ssgyvincluding services related to water, and
contribute to health, livelihoods and well-beingg gestored and safeguarded.

These strategies and targets are compatible wiéhd#sire of national and international forestry
organisations to improve forestry management toease the delivery of water-related ecosystem
services. Most national forestry departments novelguidelines that seek to minimise the impact of
forestry operations and improve the water servieéivery. For example, management of the
temperate forests (mostly plantations) in the Whikéngdom is guided by the ‘Forests and Water
Guidelines’ (Forestry Commission, 2003). Equallgmagement of the tropical natural forests in the
State of Sabah (Malaysia) is guided by the ‘RIL @pen Guide Book’ (Sabah Forestry Department,
1998).

In forest blocks where forestry operations are exthjo independent certification, guidelines can be
replaced by very specific environmental criteriattinust be met if a certificate of sustainable bre
management is to be awarded and maintained there@ifiese certificates are particularly important
within regions of tropical natural forests as savhé¢he largest land-cover changes are taking pltace
this biome (Drigo, 2004), and some of the largestative hydrological impacts seen (Chappéehl,
2004). Very few rigorous studies have attempteduantify the effect of tropical forest certificatio

on water services. Thang and Chappell (2004) haveeter shown that one example of such rules
(i.e., the Malaysian Criteria and Indicators forefst management certification, or ‘MC&I') are at
least compatible with the delivery of water sergicBorestry management outside of those forest
blocks that are closely scrutinised by independssessors, needs to adopt at least some strist rule
(not simply ‘guidelines’) that are then shown tdider water services locally (Chappell and Thang,
2007).

Some countries, notably India and China, are fahowpolicies of rapid and extensive reforestation
with the aim of delivering water-related ecosysteenvices (Ravindranath and Murthy, 2010). The
delivery of such services needs an equal levetiehsfic investigation and scrutiny by independent
assessors, if others (e.g., FAO, 2005; Hayward520alder and Aylward, 2006) are not to challenge
the stated water services being delivered. Sudbbgettive would be compatible with Strategy 1.6 of
theRamsar Strategic Plan 2009-2Q1s noted earlier.
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2.8 Management options

The management options to enhance the delivergnéficial ecosystem services via changes to the
hydrological functions of forests will be site sffie¢ depending on ‘forest type’, local hydrologica
conditions and end-user requirements. Many wetlamdsatchments have multiple land-covers
(forest, cropland, grassland, urban), so the cummeland net effects of the ecosystem services for
each land-cover need to be considered togetherelireparalleling the policy approaches of
Integrated Water Resource Managem@wiRM).

2.9 Policy recommendations for future activities

The policy recommendations jointly to Ramsar andDCisulting from this assessment of the
observed evidence for thgdrological functions of forestlandand the subsequent impact on water-
related ecosystem services) are as follows:

1/ All assessments of the water-related ecosystevices from local to international scales will dee
to be based on sound hydrological science (notdi#ydominant hydrological pathwaysand a
thorough evidence-based (observational) understignafi the impacts of land-cover and associated
management on theydrological functionsThis view is compatible with Strategy 1.6 of fRamsar
Strategic Plan 2009-2015.

2/ Assessment of the effect of forests (and aswmtinanagement) on water-related ecosystem
services will need to bigalanced namely it will need to cover both the physicafj(ewater quantity,
river peak-flow, sediment trapping) and water dyalelated (e.g., exclusion of chemical inputs] soi
conservation, nitrate utilisation) functions atdbto international scales.

3/ The effect of forests on hydrological functiom$l need to quantify the effect of the differewtrins
of forestry management, including plantation-redatitainage, agro-forestry impacts of livestock or
chemical additions, and timber harvesting impagtgre present.

4/ A systematic and in depth global review of hydgical functions of forests related teater
quality effectswill need to be undertaken to provide a clearédence base for ecosystem service
valuation, management and to convince policy makdrshe need to value the water services
provided by forests.

5/ An equally rigorous assessment of the impactfopéstry certification criteria and forestry
management guidelines on hydrological function$ lvélneeded.

6/ Some highly targeted experimental studies (withv observations) will be needed to quantify
those hydrological functions of forests with a p@idence base (sometimes linked to existing
forestry management guidelines or rules), and tterpial to have a significant global impact, and

71/ A systematic financial assessment of the imphetch forest hydrological function on the valdie o
the ecosystem services delivered, will need to tdertaken; this would provide clearer financial
evidence to convince policy makers of the needataesthe water services provided by forests.

With a stronger evidence-base, policy makers mambee willing to make the financial investments
necessary to deliver greater water services wfthigst-rich environments.
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CHAPTER 3 Wetlands

3.1 Definition

Wetlands occupy the transitional zones between @eemtly wet and generally drier areas; they share
characteristics of both environments yet cannatlagsified unambiguously as either fully aquatic or
terrestrial (Mitsch and Gosselink, 2007). It ie thresence of water for some significant period of
time that creates the soil, its micro-organisms tredplant and animal communities, such that the
land functions in a different way from either agoatr dry habitats (Acreman and Mountford, 2009).
Wetlands include a range of soils.d. peat in fens, alluvium in floodplains and marirays in
estuaries), vegetation communitiesg( grasslands, forests, mangroves, reed-beds), animglfish,
reptiles, amphibians) and microbesg. methane producing bacteria). Many local termsag@ied

to wetlands, including such general anglicised $seam 'marsh’, 'swamp’, 'bagc and regionally
specific terms such as aapa mires (rheotrophicsntifehe boreal zone), billabongs (ox-bow lakes),
fadamas (floodplain farmland in Nigeria) and damf@fesadwater wetlands in southern Africa).

The international Convention on Wetlands, the gdeernmental treaty established in Ramsar, Iran
in 1972 (Ramsar Secretariat, 2011), provides taendémwork for national action and international
cooperation for the conservation and wise use dlawds and their resources. The “Ramsar”
Convention has been signed by 162 countries angdta@m extremely broad approach and defines
wetlands as:areas of marsh, fen, peatland or water, whetheurstor artificial, permanent or
temporary, with water that is static or flowinggegh, brackish or salt, including areas of marine
water, the depth of which at low tide does not edcgix metrés Such a definition thus includes
many ecosystems from coral reefs to lakes in umdergl caves. Many countries have produced
variations on this broad definition. For exampl@n&da defines wetland more specifically asd
that is saturated with water long enough to promwétiand or aquatic processes as indicated by goorl
drained soils, hydrophytic vegetation and varioimglk of biological activity which are adapted tovat
environmerit

3.2 Extent

The amount of wetland globally is difficult to quéy because detailed inventories generally do not
exist and definitions of extent and loss are subjea wide range of interpretations. The UNEP-
World Conservation Monitoring Centre has estimaked wetlands cover around 570 million hectares
(5.7 million knf); roughly 6% of the Earth's land surface, whickeasisistent with past estimates of
6% (Maltby & Turner 1983) and 4 to 6% (Mitsch anasSelink, 2007). Though the Ramsar
Convention (Ramsar Secretariat, 2011) report &' 'b@simum global estimate at between 748 and
778 million hectares.This is probably about halfra extent that existed before human modifications
during historical times (Maltby 1986). Many Europezountries have lost between 50% and 70% of
their wetlands in the last century (McCartretyal, 2000). For example, France's largest wetlapé, ty
the freshwater meadows, bogs and woods, once abdeBemillion ha but during the 2@entury it
declined at a rate of 10,000 ha per year (Bald®®R0). In Greece a 60% loss of wetlands, mainly
lakes and marshland, took place by land drainagadaculture after 1925 (Maltby, 1986). In therea
way, 28% of Tunisian wetlands had disappearedar2i century. In Asia, about 85% of the 947 sites
listed in the Directory of Asian Wetlands were uniffieeat with 50% of the threatened sites beingeund
serious threat (Scott and Poole, 1989). By the mmoele&, the United States had lost some 54% af thei
original 87 million hectares of wetlands (Tiner,8#9, primarily to drainage for agricultural
production. In Asia some 67% and in Latin Amergcal the Caribbean 50% of the major threats to
wetlands were from hydrological change related taindge for agriculture, pollution, catchment
degradation or diversion of water (WCMC, 1992).

The Millennium Ecosystem Assessment (2005) redotteat aquatic ecosystems are the most
severely impacted ecosystems, particularly fromwitadrawal of water for direct human needs for
drinking, growing crops and supporting industry,thwimany impacts directly the result of
fragmentation by dams (Nsonet al 2005) Worldwide, conversion or drainage for agricuddur
development has been the principal cause of inleetithnd loss. The World Commission on Dams
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(2000) found that floodplain and deltaic wetlandsvdstream of dams have been degraded in many
parts of the world due to lack of floods.

3.3 Hydrological processes

Wetlands are intrinsically linked to the water @;dboth through the interactions between wetlands
and the wider environment and internal hydrologpralcesses. Hydrology is probably the single most
important determinant for the establishment andnteaiance of specific types of wetlands and
wetland processes (Mitsch & Gosselink, 2007). Ewdren hydrological conditions in wetlands
change even slightly, the biota may respond witgdachanges in species richness and ecosystem
productivity. In return, wetlands are significant altering the water cycle (Bullock and Acreman,
2003), influencing evaporation, river flows, growader and lake levels, so although they cover only
6% of the land surface they influence much of tlobeg

Wetlands in uplands areas, in the headwaters ef hasins, tend to be fed directly by precipitation
with water leaving the wetlands as evaporation;flow¢ of surface water or percolation into the
ground. Wetlands downstream have the additionaltigp river water or groundwater, whilst those
on the coast will also be subject to tidal inflowdaoutflow of marine water. Thus the nature of
interactions between wetlands and the water cycleery wide and complex and varies between
individual wetland types. In addition to naturakdnglogical processes, many wetlands are influenced
by built infrastructure and water management sclseimeluding dams, water transfers, abstractions,
discharges and pumping. Some of these influencgshaae negative impacts on wetlands, such as
the reducing river flows onto floodplains regimeathstream of a dam. In others cases, infrastructure
is an integral part of the maintenance of ecoldgateracter within a wetland, either to counter
external pressures, such as through artificiallging water during wet periods for use in the wedla
during dry periods, or because the infrastructa® dreated the wetland, for example some reservoirs
behind dams have become ecologically importantandt, such as Rutland Water in the UK.

Water quality will also be determined by the intgi@n between the wetland and its environment and
the hydro-chemical processes within the wetlan@lfitsPhysical hydrological processes have
implications for water quality. For example, wetlanfed exclusively by rainfall such as upland
blanket bogs, may be quite acidic, whilst thoselfgathalk or limestone aquifers, such as fens, may
have basic waters. Relative amounts of more thawaater source lead to subtle chemical balance
that can produce unique habitats. Salinity will @entrolled by interactions with the marine
environment or through evaporation in endorheidamels, such as soda lakes including Lake Nakuru
in Kenya. Wetlands are vulnerable to pollutantsiedrby incoming waters including nutrients (e.g.
nitrogen and phosphorus) - which although are ¢is¢ean life can have negative effects in large
guantities - heavy metals (copper and zinc), t@kiarmaceuticals (e.g. cytotoxics and anaesthetics)
and sediment that may be inert or have otherstaolls bound to it.

3.4 Evidence for hydrological functions

Most wetland literature refers to hydrological ftions of wetlands. In particular, wetlands are
reported to “act like a sponge” (an analogy whideg back as least as far as Turner, 1757, p30),
soaking-up water during wet periods and releadidgring dry periods (e.g. Buchet al, 1993), thus
reducing floods and preventing droughts. Wetlands aso reported to be “the kidneys of the
landscape” because they cleanse polluted watens¢Mi& Gosselink 2007). The case for wetland
conservation is often made in terms of ecosystenicgs including groundwater recharge and
discharge, flood flow alteration, sediment stahbifian, water quality (Maltby 1991). This has been
promoted as a potential means of catchment managdmgeorganisations such as IUCN (Dugan,
1990), Wetlands International (Davis and Claridg#3) and the Ramsar Convention on Wetlands of
International Importance (Davis, 1993). They hawuenced international wetland policy (OECD,
1996) and its uptake at the national (e.g. SouticafZimbabwe and Uganda), and continental levels
e.g. Europe (CEC, 1995; Blackwell and Maltby, 20863 Asia (Howeet al, 1992). Despite these
policy initiatives, scientific evidence for the eobf wetlands in the water cycle is difficult tadi and
often confusing, if not contradictory. The termsthaeds covers many land types and each type
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functions hydrologically in a subtly different wathus, whilst there are clear examples of some
services, it is difficult to make generalisatioos &ll wetlands.

Bullock and Acreman (2003) reviewed over 400 pammrswetlands published during the period
1930-2002 and produce a database of 169 sciestifities that reported quantitative new findings,
totalling 439 statements on the hydrological sigaifice of wetlands. Of the 439 statements, only 83
(19%) conclude the wetland influence on a singldrbipgical measure to be neutral, insignificant or
no to occur. The vast majority conclude that wettareither increase or decrease a particular
component of the water cycle. Most, but not allidgs (23 of 28) show that floodplain wetlands
reduce or delay floods, with examples from all oegi of the world. This same flood reduction is also
seen, but less conclusively (30 of 66) for wetlaimdthe headwaters of river systems; a substantial
number (27 of 66) of headwater wetlands increasedflpeaks (these studies were mostly from
Europe, but included work from West Africa and $muh Africa). Around half of the statements (11
of 20 for flood event volumes and 8 of 13 for wetripd flows) show that headwater wetlands
increase the immediate response of rivers to ngig@nerating higher volumes of flood flow, evén i
the peak flow is not increased. The coverage cfelstudies is worldwide including Africa and South
America. There was strong evidence that wetlandp@ate more water that other land types, such as
forests, savannah grassland or arable land. Altmestthirds of studies (48 of 74) concluded that
wetlands increase average annual evaporation oiceedverage annual river flow. About 10% of
studies (7) showed the opposite; for example sopmdlands in Zambia had greater evaporation than
the adjacent wetlands. The remaining 25% were akeuthere was no obvious distinction amongst
different wetland sub-types or geographical regiohshe world. Two thirds of studies (47 of 71)
conclude that wetlands reduce the flow of watetawnstream rivers during dry periods. Evidence is
mainly from North America and Europe, but includesdplains in Sierra Leone and wetlands in
Southern Africa. This is backed by overwhelmingdevice (22 of 23 studies) that shows evaporation
from wetlands to be higher than from non-wetlandtipos of the catchment during dry periods.
There is no discernible difference for differentthaed sub-types. In 20% of cases, wetlands increase
river flows during the dry season. The databas¢aoms 69 statements on groundwater recharge; 32
conclude merely that recharge takes place, andoi8lude there is no recharge. There are similar
numbers of studies that report wetlands eitheetharge more (6) or less than (9) other land types.
Some wetlands, such as floodplains in India andt\&é&sca on sandy soils, recharge groundwater
when flooded. Many wetlands have formed at sprangs are fed by groundwater. The direction of
water movement between the wetland and the growmg change in the same wetland, such as in
some peatlands in Madagascar, according to hydoalogonditions.
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3.4.1 Flood reduction by floodplains

The most compelling scientific evidence is the et in flood peaks and delay in flood arrival @ém
downstream of floodplains. Modelling of the Riv@herwell, UK (Acremaret al, 2003) showed that
removal of embankments, separating the river freeanfloodplain, would result in a reduction in
downstream flood magnitude of 132% due to stordgeater on the floodplain and slowing of water
speed by friction. In India flood volumes were fduto decrease downstream of wide sandy
floodplains (Nielseret al. 1991) due to large retention and infiltrationdes. Rough vegetation, such
as trees and shrubs provide more friction thantgiraiss (Suret al, 2010) and thus increase flood
attenuation. Floodplains have been used to marlagdsf on the large rivers of around the world
including the Mississippi (Bedinger 1981) and RhiiBaptist et al 2004). A substantial area of
wetland is required to make a significant differeglownstream; storage on 3500 ha of floodplain on
the River Shannon, Ireland, was equivalent to anead peak discharge at around 468h(Hooijer
1996). Some of 3,800 hectares of floodplain storagee required on the Charles River, USA to
reduce flood risk, whereas the Cherwell floodplaimdJK are around 1000 ha. The precise area
required will depend on the characteristic of tleds (e.g. volume of flood water, rate of peakvjo

to be managed and degree of attenuation desired.

Score

)]

3.4.2 Coastal wetlands and floods

On the coast, mangroves and to a lesser extentnsathes, can reduce the energy of waves and
currents and reduce flood risk from storm surgediksing sediment with their roots. It is estiec
that for every 5.5 km of healthy coastal wetlandgaam surge travels over, the surge is diminished
by 0.3 m fttp://healthygulf.ory For example, it was notable that coasts with gnaves were less
damaged during the Asian tsunami in December 2064 those where these wetlands had been
removed. By 2080, it is projected that 5-20% ofstabwetlands will be lost due to sea-level rise
(Nicholls, 2004). In the Gulf coast area of USArri& islands, shoals, marshes, forested wetlands
and other features of the coastal landscape pravidgnificant and sustainable buffer from wind
wave action and storm surge generated by troptoains and hurricanes (Working Group for Post-
Hurricane Planning for the Louisiana Coast). Follayflooding of the Gulf Coast from hurricane
Katrina, restoration of wetlands and barrier ismtalhelp protect New Orleans is being considesed a
a coastal management option.

Score

@ e

3.4.3 Headwater wetlands and floods

The evidence for flood reduction by headwater weltais less consistent. When these wetlands are
dry or have hollows that can store water, floody tn@ reduced. However, studies of UK peatlands
(Holden and Burt 2003a) showed that the water tadale within 40 cm of the surface for 80% of the
year and when it rains there is little space fotewatorage, so most of the rainfall flowed oves th
peat surface quickly into the river. Much of undensling of flood generation comes from
hydrological studies in the USA in 1960s and 19Fis. example, headwater areas permanently or
frequently saturated in hollows, at the foot ofpsgle or flat land adjacent to rivers are called
‘contributing areas’ (Hewlett and Hibbert 1967)udes of other headwater wetlands have shown
similar characteristics; dambos in Zimbabwe hagenall capacity to absorb rainfall at the starthaf t
wetland season, when water table levels are lotvston became saturated and contributed to flood
runoff thereafter (McCartney 2000). Management gpfanod wetlands can have significant of
hydrological functioning. For example removing veg®n can increase the speed of water flow
across the wetland surface, such that bare pe&t cowease the flood peak by between 2 and 19 %
(Bonn et al, 2009). Drainage has been reported to both iseread decrease flood peaks from
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wetlands (Holderet al, 2004). For example, Burke (1968; 1975) reconerth higher peak flows
from un-drained peat areas than from drained akdast (1971) found that peak flow were increased
by drainage, whilst Moklyaket al. (1975) concluded that drainage does not alwayscifthe
maximum discharge, but may either decrease oraserd. Drains alter hydrological process in two
ways. First, drainage can increase water storagacitgt within the wetland reducing peak flows and
increasing lag times. Second, drainage can prash@anels for rapid and direct flow to the stream;
this may increase peak flows in the stream. Theremilt on flood peaks may depend on the type,
condition, density and orientation of drainage @¢wiet al. 2004).

Score
@ o o Wetlands with significant surface
storage and/or light drainage
O | © | © | Wetlands with little surface storage and
no drainage
®@| ® | ® | Wetlands with no surface storage
and/or deep drainage/gullies

3.4.4 Wetlands and groundwater

Many wetlands exist because of underlying imperreedyers that prevent vertical movement of
water. However, other wetlands are hydrologicalbnrected to underlying aquifers, such as the
Azraq oasis in Jordon (Fariz & Hatough-Bouran 198Bjch is fed by upward moving groundwater

(discharge). During inundation of the floodplaintlaads of the Senegal River floodplain (Hollis

1996) and Hadejia-Nguru wetlands (Holés al 1993) water moves downwards to the underlying
aquifer (recharge). Likewise inundation of the I¢aimn floodplain (Acreman, 2000) and Garaet
Haouaria marshes (SCET, 1962) in Tunisia rechangerégional aquifer. Alteration of catchment

hydrology can have a significant impact on wetlaadd the functions they perform. For example,
Las Tablas de Daimiel wetlands in Spain (Llamas9)9&s historically groundwater-fed, from water

moving upwards from the underlying aquifer. FronY29rrigated agriculture expanded rapidly and
abstraction lowered groundwater levels, reversihg function of the wetland to become a
groundwater recharge site.

Managed aquifer recharge is practised widely inadn(€GWB, 2005) where millions of structures
capture monsoonal rainfall on the surface and aitdw infiltrate into the often low storage capsci
basement aquifers. In the Shiguma scheme, nottedBaza Strip, a small dam has been constructed
to create a reservoir which holds flood water. Mwater is then pumped to large depressions
(infiltration basins) in the sand dunes near thestwhere it percolates into the ground to rechtdrge
dune aquifer.

Score

(@]@] ]

3.4.5 Evaporation

In general, evaporation from ponds and lakes excdeat from soils, forests and dry grasslands.
Wetlands are often composed of areas of open witieremerging large-leaved vegetation providing
potential for high evaporation rates from the waigface and through plant leaves. Evaporatiors rate
exceeding 10 mm/day were reported for bed®lofamitesreeds in northern Germany (Herbst &
Kappen 1999), 5 to 12 mm/day Hamun Wetlands inremst of Iran (Arasteh & Tajrishy 2006) and
4.1-4.9 mm/day for Sudd (Mohammed al 2008). Linacre (1976) suggested that the presehce
swamp vegetation has a relatively minor influenogs evaporation rates, whilst ldso (1981)
concluded that the presence of vegetation on wagtla@oes not increase the evaporative loss above
that of open water. However, Ingram reported thalrdphytic vegetation can evaporate up to 40%
more than open water, rising temporarily to 2.5sitmmer. Crundwell (1986) reports wetland
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evaporation figures of 4 times open water, suclioasvater hyacinths (Rodgers and Davis 1972).
Values of 1.1 are typical for wetlands, such asRleida Everglades (Allen, 1998). Wetlands in
surrounded in arid and semi-arid regions may haiqularly high evaporation rates because of
energy coming in from the surrounding dry land l@hithe oasis effect). Most people regard
evaporation as a loss of water, yet water is reglydn local and regional scales. For example, the
extent of cloud formation and amount of rainfallaind lands around the Inner Niger Delta in Mali is
augmented as the area of wetland inundation inesedse to higher evaporation (Taylor 2010); the
same may be true for other large wetlands in agdsasuch as the Sudd and Okavango.

Score

3.4.6 Water quality improvement

Water flowing through wetlands is often slow duddw gradient and the friction created by dense
vegetation. This encourages sediments and othéclparthat are carried by fast flowing water to
settle, it also time for chemical reactions to takace, such as converting harmful substances to an
inert form. Because toxicants (like pesticidesemfadhere to suspended matter, sediment trapping
frequently results in water quality improvemenWater quality can also be improved by the ability o
wetlands to strip nutrients (nitrogen and phospsioftom water flowing through them. It has been
reported that wetlands reduce nutrients by enciugagedimentation (Karr and Schlosser, 1978;
Johnstoret al, 1984), sorbing nutrients to sediments (see Klatlidl, 1977), taking-up nutrients in
plant biomass (Leet al, 1975) and enhancing denitrification (Lowramtel, 1984). The Nakivubo
Swamp on the edge of Lake Victoria in Uganda rexeiwvaste water and untreated sewage from
Kampala (Kansiime and Nalubega, 1999) and as ahui#moving nutrients and pollutants so that
the intake for Kampala’'s water supply is only 3 &may downstream. Soluble phosphorus reaching
the River Torridge, UK, from agricultural land wam average, 73 per cent lower than predicted
because of removal by riparian wetlands (Russel Matiby, 1995). Pollutant removal by natural
wetlands has led to wetlands being managed or remtstl to act as buffers or for treatment of
domestic or industrial waste (Allinsat al, 2000).

Fisher and Acreman (2003) examined results of studi 57 wetlands from around the world to
assess whether wetlands affect nutrient loadingadérs draining through them, and showed that the
majority of wetlands reduced nutrient loading @gten or phosphorus). Some wetlands however, can
increase nutrient loadings for short periods byasing soluble N and P species, thus potentially
driving eutrophication in the receiving water body.removal is known to be greater in more
waterlogged soils (Jordast al, 1993). The most effective wetlands for water fuamprovement

are those in which the water flows through the aredl (on-line), such as river entering directly iato
swamp. Wetlands that are adjacent (off-line) to weger course, such as floodplains can be very
effective at retaining P (Craft and Casey 2000gythnly receive a small quantity of the river flow
and so have limit effect on the overall water gyali

A major issue is that wetlands can easily becomerloaded if pollutant levels exceed critical
thresholds, resulting in loss of the toxicant rétenservices and potentially significant changes t
ecological character. However, there are few phbtisrecords of these threshold levels. N removal
efficiency is not affected by the length of time thvetland has received N pollution, while the &pili
of a wetland to remove P, in contrast, is knowrdéaline with time (Nichols, 1983; Richardson,
1985). Wetlands constructed to remove water-botmasghate in the UK (Palmer-Felgate, 2009)
were found to be effective for the first few yedrg,locking the nutrients into the sediment. Howeve
the sediments were soon higher in phosphorous tthenvater entering the wetland and thus were
enriching the water. This suggested the need faoving the sediment to revitalise the nutrient
absorption process.

Score
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@ @ ¢ New and managed wetlands
[@®)®) Old and unmanaged wetlands

3.5 Economic values of water-related wetlands services

The regulating role that wetlands play in the watgsle is very important to people and economists
have tried to assess their value in monetary téEngerton & Bos, 2004). These include the costs of
flood damage that would have occurred if the wetlaad not alleviated flood risk and the costs of
water treatment works that would need to be baiteplace wetland purification services if they aver
lost. Along the Charles River in Massachusetts)ames are utilized in preventing flood damage it
was calculated that loss of all wetlands in therl@saRiver watershed would have caused an average
annual flood damage cost of $17 million (U.S. Ar@grps of Engineers) concluding that conserving
wetlands was a natural, less expensive solutiogotttrolling flooding than the construction of
embankments and dams alone, and they proceedethtirea 3279 ha of wetlands in the Charles
River basin for flood protection. If the Lower Shiwetlands in Malawi and Mozambique and the
Barotse floodplain in Zambia did not reduce floaskrthe costs of damaged roads and houses,
relocation of people and loss of farmland would dseund US$2 million (Turpieet al, 1999).
Likewise, natural wetlands in the Zambezi basintlsern Africa, have a net present value of more
than US$ 3 million as they reduce flood-related a@gencosts and worth US$16 million, they also
recharge groundwater and purify water to an eséthdlS$ 45 million (Turpieet al, 1999). The
infrastructure required to achieve the same leVelastewater treatment to that provided by the
Nakivubo swamp in Uganda would cost up to US$ 2ionilper year through constructed sewerage
and treatment facilities (Emertat al, 1999). The Martebo mire in Sweden maintenanceaier
quality costs of between US$ 350,000 and US$1anil{iGrenet al., 1994).

The alteration of the hydrological by wetlands gisovides many additional benefits such as through
the provision of fish breeding habitat and graziagd on floodplains. For example the economic
value of the Senegal River floodplain in west Adricas been estimated (Acreman, 2003) at US$56-
136 per hectare for flood recession agriculture$1® per hectare for fishing and US$70 per hectare
for grazing. In the Hadejia Jama’are floodplaing&tia, ecological and social benefits from water in
the floodplain were valued at US$9,600 to 14,500cpéic metre whereas diversion of the water for
irrigation was estimated to produce a return of elyetJS$26 — 40 per cubic metre (Barbier &
Thompson 1998)

In addition, the role of wetlands in water cycléngportant for social and ecological reasons that a
not easy to value economically. For example, anmuaddation of floodplains in west Africa and the
its implications for grazing, fishing and agricuktuare embedded within the social calendar of local
people and celebrated with many festivals and keuints.

3.6 Related issues

3.6.1 Wetlands and carbon sequestration

Most soils contain some carbon, but peat is pdailyurich in carbon. Peat forms when plant materia
is inhibited from decaying fully by acidic and anal@ic conditions, thus the water cycle is
intrinsically-linked to peat formation and consdrmwa. Peat wetlands are found in at least 175
countries, from the tropics to the poles, and careund 4 million krh or 3% of the world’s land
area. Semi-natural and undamaged peatlands camaleta carbon at a rate of 30-70 tonnes of
carbon per km2 per year (Billedt al. 2010; Worrallet al. 2010b) now contain 400-700 Gt of carbon
in their soils, are at risk if temperatures andfial patterns alter with climate change. Peatssoil
contain a third of the world's total soil carborheTtransfer of carbon between peatlands and the
atmosphere as the greenhouse gases carbon did@z@g &nd methane (CHl is important for
regulating the global climate (Schuleeal 2009). The wetland carbon pool is estimated &b 87
the 1943 Gt of carbon in the terrestrial biosphmrels (Bolin and Sukumar 2000).
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Much of the research on carbon budgets has beearthern peatlands. They have over time stored
around 450 billion metric tons (or 450 Gt ) of aambin their soils (Gorham, 1991; Maltby and
Immirzi, 1993). This is approximately 33 per cehtle global soil carbon stock and is equivalent to
75 per cent of the pre-industrial mass of carborthim atmosphere and is indicative of northern
wetlands historical ability to accumulate carboluxrestimates vary from an uptake of more than 220
g CO, m? yr to losses of 310 g GOn? yr* have been recorded. This focus on northern petslan
tends to mask the large uptake of £&Rat can occur in tropical peatlands where rateptake are in
the region of 1800 g COM? yr' but they cover an area of only about 8% of theldi®peatlands.
Globally, northern peatlands produce between On@30a05 Gt tonnes of GHeach year (Funet al,
1991; Bartlett and Harriss, 1992). Balancing tRtsulet (2000) estimates from a series of northern
peatland studies in Canada, USA and Europe théibpea are currently a sink of between 20 and 30
g C m?yr'(0.104 to 0.156 Gt C ).

The fact that wetlands have accumulated carboreat im the past suggests that they may offer a
potential climate change mitigation option for fiture. However, a review of available European
carbon budget data (Byrm al 2004) concluded that most peatland types vanydxt a small sink
and a moderate source of GHGs, principally from ubstantial Cl emission; none show
unambiguous net uptake of GHG, thus even undampgattinds may have a net warming effect on
climate, although restored fens and bogs have & smaller effect than that for various types of pre
restoration management. Therefore, restorationcless benefits in global warming terms over the
un-restored case, even though restored peatlanglaob&ave a net carbon sink function.

Most assimilation and release of carbon occurshallewv water. The Caspian Sea, for example, is
counted as a wetland of some 400,008, kot it is probable that only its coastal edgespanting to

no more than 2000 Kin area will be actively absorbing or releasing @&H(in addition to the
normal uptake of COby the open sea surface). In contrast, the neaincmus relatively shallow
wetland that covers 160,000 krof western Siberia can be counted as being totdijve in
absorbing or releasing GHGs.

Interest in the capacity of peatlands to help ratggclimate change through carbon sequestration has
stimulated significant questions regarding theustaif current peat resources and the possibility of
new formation (Immirzi & Maltby 1983; Maltby 2010This is the case with the potential benefits
associated with the blocking of ditches (grips)tle peat to help restore hydrological integrity
previously disrupted by drainage. It is still urtagm whether such management actions to increase
waterlogging are sufficient to reverse the carbalatce in favour of increased storage (e.g. Weitral

al. 2003; Worral & Evans, 2009). Other factors suchbasning and grazing are important in
determining the stability of the existing carboaret Of overriding importance, however, is whether
the current (or immediate future) climatic condigoare sufficient in combination with the local
factors such as topography, substrate conditicegetation, acidity and nutrient status to enabie ne
peat formation. Despite considerable on-going mebsedhere is still uncertainty regarding the
existence of the necessary climate template, at irdhe UK, for the net accumulation of new peat.
It does not detract, however, from the argumemb&mtain or restore hydrological conditions soas t
minimise any further losses of existing carbonesiarpeatlands.

3.6.2 Wetlands and climate change

The spatial distribution of the world’s non-oceanogystems is largely determined by two
environmental variables: temperature and precipiiagdValter and Breckle, 1985). Climate change is
likely to lead to changes in wetlands through diiegacts on precipitation and indirect impacts on
evaporation (through changes to temperature aret otiriables, such as radiation and wind-speed).
Winter (2000) undertook a hypothetical assessmédntvetlands in different hydrological and
landscape settings and concluded that wetlandsenvhggdrology is dependent on precipitation are
more vulnerable to climate change than those fedgtmundwater. Burkett and Kusler (2000)
recognised that not only is climate change likelyead to loss of wetlands, such as tundra, marshes



Report of the expert group on the role of biodiitgris sustaining the water cycle Page39 of 179

and wet meadows underlain by permafrost, but weddhat are dried can become net sources carbon
dioxide (but with possible reduction of methanejs® as a positive feedback to global warming.
Parishet al. (2007) came to similar conclusions for peatlar@iément and Aidoud (2007) reported
that oligotrophic habitats were the most sensifighistrian wetlands to climate change. Turetsky
al. (2007) found that organic matter accumulation geaserally greater in unfrozen bogs compared
with permafrost landforms, inferring that surfaegrpafrost inhibits peat accumulation. The diversity
of reported response of wetlands to climate ché@hgdrates that such a response is in realitysalte

of a balance between changes in water table, teayer nutrient cycling, physiological acclimation
and community reorganization (Oecle¢lal 2000). Kontet al (2007) reported climatically-induced
changes in water levels in an Estonian inland bagy @ 47 year period. Groundwater levels were
found to be rising in a ridge-pool microtope, ballifig in a ridge-hollow microtope, demonstrating
the potential complexity of wetland response tmalie change. Johnsenal. (2005) modelled water
table levels and vegetation in Prairie wetlandsfandd that climate change would result in a ghift
the productive habitat for breeding waterfowl. listady of British wetlands, Acremaat al (2009)
found that projections of reduced summer rainfatl ancreased summer evaporation will put stress
on wetland plant communities in late summer andraatwith greater impacts in the south and east.
In addition, impacts on rain-fed wetlands will bee@ter than on those dominated by river inflows,
whereas minimum water table levels in some groumelsfad wetlands may be higher.

3.7 Global and regional policies

The Ramsar Convention on Wetlands of Internatibmgiortance has been signed by 160 countries.
1967 wetlands have been designated as Ramsarceiteeng 191 million ha. At the centre of the
Ramsar philosophy is the “wise use” concept. Theewise of wetlands is defined as the maintenance
of their ecological character, achieved throughithplementation of ecosystem approaches, within
the context of sustainable development. In turdaggoal character includes the services to mankind
such as regulation of the water cycle. The Conwentin Biological Diversity is the primary
instrument at a global scale for the protectionbafdiversity is the Convention on Biological
Diversity (CBD, 2001), which has at its heart tlsystem management approaeh maintaining
ecosystem functioning.

At a continental scale, the European Union hasrakpéeces of legislation that protect wetlands and
their functions. The Habitats Directive (Directii® 92/43/CEE) was designed to protect the most
seriously threatened habitats and species acrasp&ulhis complements the “Birds Directive” (No
79/409/EEC), specifically aimed at avian conseoratiAt the heart of these Directives is the crematio
of the network of sites called Natura 2000 compgsia) Special Protection Areas (SPAS) established
under the Birds Directive; and b) Special Area€ohservation (SACs). The EU Water Framework
Directive (2000/60/EC) requires member states tuexe “Good Status” (GS) in all surface and
ground waters by 2015. Good Status is definedigbkt deviation from the reference conditions,
based on populations and communities of fish, mavrertebrates, macrophytes and phytobenthos,
and phytoplankton. Wetlands are explicitly includiedthe Directive as groundwater dependent
terrestrial ecosystems (wetlands connected dirdotlgroundwater bodies) whilst floodplains are
considered as part of the surface water body (nibrraariver) to which they are connected. The
North American Wetlands Conservation Act (103 St868; 16 U.S.C. 4401-4412) provides funding
and administrative direction for implementationtief North American Waterfowl Management Plan
and the Tripartite Agreement on wetlands betweema@a, U.S. and Mexico.

National policies and legislation highlight the faction of wetlands because of their role in théawa
cycle. The 1998 National Water Act of South Africad significant implications for the protection
and management of wetlands (Rowlston & Palmer 20@2cognized riverine, wetland, estuarine
and groundwater ecosystems, which must be protéctettier to ensure maintenance of the desired
goods and services which water resources can moVidnzania’s National Water Policy of 2002
follows a similar approach (Ministry of Water andréstock Development 2002). It includes among
its objectives the improved management of ecosystamd wetlands, integrated planning and
management of water resources, environmental fland, the need for these in order to maintain
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riparian biodiversity, wetland systems and aquidifee. Water is first allocated to basic needs,

followed by the environment and then the economythe USA, Section 404 of the Clean Water Act

(CWA) protects wetlands by regulating the discharydredged or fill material into waters. Activisie

in waters include fill for development, water resmu projects (such as dams and levees),
infrastructure development (such as highways ampbes) and mining projects.

3.8 Management options

Wetlands have some potential used as natural tnfidgre options. However, they are not a panacea
for flood reduction and pollutant removal. All weetids are different and each works in a unique

manner. Detailed understanding of individual wedkais essential to understand their functioning and

the services they might provide. Often long dataseid detailed process measurement is required,
although guidance on rapid assessment of wetlameti@ins is available (Maltby 2009).

Floodplain wetlands store floodwater on their stefand reduce flow speed. Floodplains can be used
as ‘washlands’ or flood retention areas upstrearfioofl risk areas, such as low lying towns. Large
areas of floodplain are required to reduce floomicantly, but these can be used for other
purposes, such as grazing land or recreation atetimes of no floods. Retention of water may be
augmented by building sluice gates and embankm@&hts.fact that few studies suggest floodplain
storage will increase floods means that there ikelg to be a negative impact (a ‘no regrets’
situation).

The utility of upland/headwater wetlands for flo@dluction is less ubiquitous. They may reduced or
augment floods depending on their characterisRestoring and maintaining wetlands with surface
hollows may be more likely to reduce floods. If thetlands are dry before heavy rainfall they are
more like to reduce floods; if they are wet theg arore likely to generate floods. The uncertainty i
whether headwater wetlands reduce floods make gmpldhem in flood management strategies a
more risk course of action as they make have umilet# consequences.

Restoring vegetation cover to wetland surface wltiw water flow velocity on floodplains and
headwater wetlands. Planting diverse vegetati@gsirshrubs, tall grasses will increase roughness
and reduce floods. Blocking artificial drainage mhels in headwater wetlands may reduce floods
downstream under certain circumstances.

Wetlands can be effective at removing nutrientshsas nitrogen and phosphorus. They can therefore
be useful for treating pollutants. However there #iresholds of pollutant level above which the
wetland will be degraded or destroyed, so therdiamés to the purification service they can offer.
Furthermore, their ability to process pollutant nmagluce over time unless the wetland is managed.
Management of the wetlands, such as removing sedissurated in pollutant may be necessary to
achieve long term utility.

Wetlands do evaporate as much or more water thear @nd types. There is little that can be done to
reduce evaporation, although minimising open wais¥as would contribute. However, water

evaporated by wetlands is not wasted. Water usssential for plant growth, which provides habitat
and grazing. Water evaporated may not be lostmayt generate local rainfall.

Wetlands overlying aquifers may help to rechargeugdwater resources. Available water, such as
during floods, may be pumped onto the surface ede¢twetlands to augment recharge.
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3.9

Policy recommendations

Floodplain wetlands store floodwater on their stefand reduce flow speed. Large areas of
floodplain are required to reduce floods signifitgnbut these can be used for other
purposes, such as grazing land or recreation atdames of no floods.

The presence of upland/headwater wetlands may esglugugment floods depending on their
characteristics, such as presence of surface hallthwthe wetlands are dry before heavy
rainfall they are more like to reduce floods; ieyhare wet they are more likely to generate
floods.

Vegetation on a wetland surface will slow watemfleelocity on floodplains and headwater
wetlands. Diverse vegetation, trees, shrubs, talégps will increase roughness and reduce
floods.

Blocking artificial drainage channels in headwak@tlands may reduce floods downstream
under certain circumstances.

Wetlands can be effective at removing nutrientshsas nitrogen and phosphorus, however
their ability may reduce over time unless the wetlas managed and there are thresholds
above which nutrient removal stops.

Wetlands do evaporate as much or more water thher dand types. However, water
evaporated by wetlands is not wasted. Water uessential for plant growth, which provides
habitat and grazing. Water evaporated may not &tebait may generate local rainfall.

Wetlands overlying aquifers may help to rechargeigdwater resources.

3.10 Gaps

There have been a large number of studies of hygledl functioning of wetlands published in
scientific journals and reports. Many are compassof river basins with and without wetlands,
which means that results are confounded by otHéareihces between the basins. The major gap is
the lack of controlled experiments that provideoatml on other factors.

The main inconsistency in the literature conceflosd enhancement or reduction by headwater
wetlands. More studies are required on the impafaiisainage and blocking of old drains.
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CHAPTER 4 Mountains

4.1 Scope of the assessment

Mountains, where virtually all the world's majowers originate, play a central role in the global
hydrological cycle. This section provides a briefiew of hydrological processes associated with
mountain and the role of mountain ecosystem in wlaer cycle. Although there is no formal

definition of mountains, a commonly adopted defimitis based on altitude and slope criteria
(Kollmair et al. 2005). A more recently proposed definition of mt@ins suggests using a common
ruggedness threshold as a proxy for steepnessathsié the more conventional low elevation

thresholds (Koernegt al 2011). At a more general level, mountain envinents have been defined

by features such as limited accessibility, highrdegof fragility, marginality, and diversity (Jodha

2000). In this section mountains have been takea matural elevation of the earth surface rising
more or less abruptly from the surrounding levead attaining an altitude which, relatively to the

adjacent elevation, is impressive or notable (Kagied 2000).

Natural infrastructure are comprised by biota (adgnplants and other organisms) and their abiotic
environment in slow flowing surface waters like dak man-made reservoirs or wetlands, in fast
flowing surface waters like rivers and creeks, emthe groundwater. In the mountain context natural
infrastructure is exceptionally rich in terms obdiversity (Grabherr and Messerli 2010) and range
from tropical and subtropical to temperate climateh as the Himalayas and the tropical Andes.
They provide a vast array of services that impd& water cycle including modulating and
maintaining climate, provisioning of water, floocdntrol, soil and groundwater, and erosion
prevention. Due to the isolated nature and higlafdity at small scale, mountain biodiversity is
highly endemic and vulnerable to climatic and emwmental changes from which they typically only
slowly recover if at all. In order to conserve mtain biodiversity, around 11 % of all mountain aea
accounting for an area of 4.5 million km2 have béesignated as protected areas (PA). While
initially the establishment of PAs in mountain &egas motivated by the desire to preserve mere
wilderness and uniqueness, later the need was mzeagto conserve biodiversity and sustain
ecosystem services in particular freshwater suppdgring and Wahid 2011; Kollmaat al 2005,
MA 2005).

4.2 Extent

Worldwide, mountainous areas cover nearly 40 nmilkan2, or about 27% of the Earth's land surface
(UNEP-WCMC 2002) with Antarctica and Greenland aodmg for about 7 million km2, based on
the definition of mountains by Kapast al (2000) (UNEP-WCMC 2002; Kollmaiet al 2005).
Around 20% of the world’s human population livesiiountains or at their edges, 90% of them are in
developing countries or countries in transition.rM@amportantly, despite of the general remoteness
and hence relatively smaller population in mountai@as, about 90 million mountain people live in
poverty and are vulnerable to food security (MA 200

Most mountains are located in the Northern Hemisphead in temperate-sub-tropical latitudes. Much
of the world’s greatest mountains are found in ém®rmous Eurasian landmass (UNEP-WCMC
2002). Eurasia also has the most extensive intthkdited area above 2,500 m elevation, in the Tibet
(Xizang) Plateau and adjacent ranges. All of theldt® mountains above 7,000 m in height are in
Asia, and all peaks above 8,000 m are situatettanGreater Himalaya range extending along the
southern rim of the Tibet Plateau. Excluding Anti@ez South America has the second most
extensive area of high elevation land, formed by tfountains and basins of the Central Andes.
Antarctica and Greenland also constitute major rteborareas, due to their extent and thickness of
their icecaps. Other important but relatively serathountain systems are located in Africa, Ausrali
and New Zealand (MA 2005).
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4.3 Hydrological processes in the mountains

The hydrological processes in the mountains areutatetd by great topographical and climatic
variability over short distances and distance frooeans (Whiteman 2000; Tse-rieg al 2010;
Nogues-Braveet al 2007, 2008). Mountains intercept the global datian of air and effect wind,
precipitation and temperature patterns beyond tlysiographical boundaries into continental
mainlands (Woodwell 2004). They modify air circidat and create their own winds by setting up
regional and local pressure systems. Mountain afldwbreezes interlock in diurnal circulation that
can become strong enough to influence climate antperature (Bothet al 2011). In general,
mountains guide approaching air masses upwardasnemperature falls, the air is able to hold less
water vapour, leading to increased precipitatiortrenwindward side and a reduction on the lee side
(the ‘rain shadow’ effect). About 24% of terredtnmecipitation falls in mountain regions (except
Antarctica) (UNEP-WCMC 2002). Precipitation maxingary and occur at different altitudes in
different mountain regions of the world and arehleigt in humid tropical mountains.

At higher altitude levels precipitation occurs hetsolid state and forms snow packs, which under
favourable condition can transform into ice andrfgglaciers. Snow accumulates on the canopy in
proportion to leaf area index, but most falls diyeto the soil surface where it may accumulate to
great depths. Fresh snow contains between 6 andvwages by volume. The density of a snowpack
increases to a maximum when snowmelt begins, athwiine the water content per cubic meter is
uniform and the temperature throughout the pacsoitiermal at 0°C.

Mountain glaciers and icecaps comprise of about, B4 km3 of frozen water (excluding the
Antarctic and Greenland ice sheets) (Dyurgerov etker 2005; WGMS 2008) and are essentially
natural freshwater reservoirs, gradually releasuager that has been stored as ice for many tens or
hundreds of years. Melting of glaciers and snowlrisen by the energy balance which in turn is
determined by precipitation, air temperatuakedo(fraction of solar energy or shortwave radiation
that is reflected from the Earth back into spae)] radiation, and all with more or less strong
dependence on altitude.

The orographic effect that causes increasing pitatign amounts in the mountain contributes to 40-
60% of all freshwater supplies (FAO 2011; Bandyogglyaet al 1997) through surface and sub-
surface flow network or groundwater aquifers. Tlavdstream water supply from mountains is
influenced by its steepness of the terrain, geoldgand soil properties and vegetation and often,
mountain water exerts a strong influence on therdigdical characteristics of downstream river
basin, and the timing and volume of water generdissct patterns of river flow, water temperature
suspended sediments, and hydrochemistry over arsesdonal and diurnal time-scales (Milaeal
2010; Hocket al 2005) and impact downstream water use (e.g. lpgdver generation, irrigation)
specially in arid downstream areas or where watgply is controlled by special precipitation
patterns like monsoon circulation. Hydrological tiyutions of mountains are also associated with
the frequency and magnitude, and time-to-peak amnatiodn, of floods in highly glacierized areas.

Box 1 shows the example of how the Himalayas dhadncing the regional hydrological processes in
South Asia.
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BOX 1 — The Himalayas and South Asian hydrology

Land surface characteristics of the Himalayas @layimportant role in modulating the monsoon
circulation and surface hydrology. The mountainslteln the Indian Subcontinent from the cold air
mass of Central Asia and prevent frigid and drytiarevinds from blowing south into the
subcontinent, keeping South Asia much warmer thharaegions at corresponding latitudes around
the globe. The Himalayas also exerts a major inffeeon monsoon and rainfall patterns (@tral
2001) as they serve as a barrier for the moistaded monsoon winds, preventing them from
travelling northwards, thus facilitating timely aravy precipitation in the southern part of the
region (INCCA, 2010).

4.4 Hydrological functions of mountain ecosystem

Knowledge of the hydrological functions of mountatrosystem is often fragmentary and incomplete.
Extremely harsh terrain, difficult environment artarge spatial and altitudinal variations in
hydrological variables pose considerable difficuitydata collection for improving the understanding
of the hydrological functions (Vivirolet al 2007) especially those related to the verticabhigi
seasonal variation in Leaf area index (LAl), andtimy depth of vegetation that affect water
movement through ecosystems. This section attetopidentify the key hydrological functions of
mountain ecosystems in terms of: surface waterlguppil water supply and flow regulation.

4.4.1 Surface water supply

The rich natural infrastructure of the mountainaypla significant role in surface water supply. The
high-altitude cryosphere stores huge amounts oémas snow, ice and permafrost. These are unique
reservoirs of fresh water which is released yeandoin perennial rivers. Almost all of the world’'s
major rivers, and many of the minor ones, depend/ater that starts the terrestrial phase of itdecyc

in mountain regions (Bandyopadhyeatyal 1997; MA 2005).

Based on detailed case studies, Vivirglial (2003) reported that globally mountain ecosystems
contribution to mean annual river basin dischargees between 32- 63% of the total. In some arid
areas, mountains are estimated to supply as mu8&%sof the total annual river discharge (Viviroli
and Weingartner 2004). It is estimated that 23%notintain ecosystem world-wide is essential for
downstream region hydrology in the earth systentecdrwhile another 30% have a supportive role
(Viviroli et al 2007).

The Hindu Kush Himalayan region, for example — knoas the ‘third pole’ because of the
concentration of highest masses of cryospheric om@pts found outside the two Polar Regions —
contains an estimated total ice cover of 60,000 kmidd in glaciers and an estimated 6,000 km3 of
ice reserves which is equal to roughly three tiress annual precipitation over the entire region.
About 9.7% of the total glacier area — most in #adleys - is covered by debris which plays an
insulating effect and reduces melting rates (Bagaya and Shrestha 2011). Earlier, Dyurgerov and
Meier (2005) reported ice areas of adjacent monrmanges as: the Karakoram (16,600 km2), Tien
Shan (15,417 km2), Kunlun Shan (12,260 km2), anchiiBa(12,200 km2). The Tibetan Plateau
contains 36,800 glaciers, with a total glacial ac$a49,873 km2 and a total glacial volume of
4,561 km3 (Yacet al 2007). The glaciers that feed the Ganges, Brabtreapand Indus rivers in the
dry season (Immerzeet al 2010) cover more than 32,000 km2. The contrilougbsnow and melt
ice to Himalayan rivers is conservatively calculate be between 500 and 515 km3 per year from the
upper Himalayas alone. Snow and glacier melt caeprup to 50% of the annual flow in the Indus
basin (Table 4.1).

Table 4.1: Contribution of glacier melts to the tdiayan river flows

Rivers Basin Area Annual mean discharge (m3/s) % of glacier melt in
(sg.km) river flow

Brahmaputra 651,335 21,261 ~12

Ganges 1,016,124 12,037 ~9

Indus 1,081,718 5,533 Up to 50

Mekong 805,604 9,001 ~7
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Salween | 271,914 1,494 ~9 |
Tarim | 1,152,448 1,262 Up to 50|
Yangtze 1,722,193 28,811 ~18
Yellow 944,970 1,438 ~2

Source: ICIMOD, 2011

In the European Alps, melting of snow and ice poeduhigh, substantial discharge in summer,
supported by low evaporation due to high elevatddean annual contribution from mountain area to
total discharge varies from 26% in the Danube t% 58 the Po River (Kohler and Maselli 2009).
Mountains also help to determine flow patterns hpdrological processes in many of the world's
lake, river and wetland ecosystem, and maintainstee level (e.g. Jacadt al 2012; Meieret al
2007). Increased melt can reduce glacier mass,idingv short-term increases in melt-water
contribution to downstream river flows. Howeverclsuncreases will eventually decline, if available
ice area reduces (Stahl and Moore 2006; Wancktafy2000). The 1.4 million people of La Paz and
El Alto (Bolivia) depend mostly on water suppligsrh surrounding glaciers located above 4,900 m
above sea level, and 75% of the electric powetHese cities is generated by the hydropower plants
on the eastern escarpment of the Andes. Summeff nadations in the downstream lowlands are
moderated through highly regular melting processeklong-term compensatory water storage in the
mountains.

Mountain forest exchange moisture with the atmosphehich is important in controlling local and
regional climate, especially precipitation thus mydg the water cycle. Plants delay snowmelt and
infiltration into the soil through rooting, as wels through the associated soil fauna and decompose
communities. Natural mountain forests reduce pesioff and local flooding to a certain extent.
Natural forest cover, however, is significantly igbed by anthropogenic activities. While in the
tropics natural forest cover was reduced by 6.8%wvden 1990 and 2000, temperate areas have
experienced a 1.2% increase, mainly due to Europeamntain areas where the importance of
protecting mountain forests in contributing to waked protection, hazard prevention, tourism and
other economic benefits has been recognized. (Kalnié Maselli 2009).

Montane cloud forests have particular relevancetferwater cycle as they capture moisture from fog
or clouds by which they add large amounts of watehe hydrological system which in turn sustains
the forests. For example, in the Peruvian Anddsrd bf the endemic mammals, birds and frogs live
in the cloud forests. Soil infiltration and bioredigtion of water influence water quality. For
example, forest buffers along agricultural lands eeduce nitrate concentrations in runoff fromdiel
by 5-30% per meter width of the forest.

High altitude mountain wetlands play an importasérin in capturing and retaining melting snow or
ice and, wherever possible, rainfall, releasingewatrogressively and therefore acting as suppliers
and regulators of water for an entire basin (Trasad Kumar 2008) and directly impact hydrological
regimes and the wetland associated biodiversitgyTinaintain water quality, regulates water flow
(floods and droughts). For example, the majorityChiina’s six million ha. mountain wetlands are
peat lands which function like a sponge consistihgore than 90% water, and form major reservoirs
of water maintaining water levels in streams, svand adjacent grasslands.

4.4.2 Soil water

Mountain ecosystem services are essential forwgater and related functions that maintain the
hydrological balance in downstream areas. The apand temporal variation of soil infiltration
capacity varies dynamically due to the spatial fogfeneity of the linkage between vegetation and
soil moisture. Vegetation stabilizes the soil affdds the surface flow. If vegetation is removed,
changes its elevational extent, overland flow amdien may occur and increase; this increases both
stream flow and stream sediment concentration.dMaand highly incised valley-bottoms often limit
the extent of riparian zones, a key landscape ipositor nitrogen transformation (Cimo and
McDonnell 1997). In addition their influence on fame water supply, mountain forests through litter,
faunal activity and distribution of soil macroporeften control the extent and magnitude of
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infiltration and subsurface flow. In the headwatatchment of alpine cold regions of Heihe River
Basin in China, about 76% of the precipitationrsformed into groundwater or interflow and then
concentrated into the river channel (Yong-gang Yeingl 2012). The root systems and decomposer
macro fauna of many tree species contribute toirtbeeased infiltration of water into soils. Deep-

rooted trees remove more soil water for transgimgticreating a larger soil water storage buffer,
which may contribute to reducing peak runoff. Raarly in drier areas, trees redistribute water
through their root systems vertically and horiztiptto areas of lower soil moisture at night.

4.4.3 Flow regulation

Globally, mountain ecosystems regulate runoff gatiem and water movement from the cryosphere
and are able to minimize year-to-year variabilitien catchment areas are moderately (10-40 %)
glaciated. The limnological conditions and faungtribution in the mountain areas impact lateral
flow direction and soil moisture distribution, sengravity dominates total water potential in steep
mountain terrain. Often, short flow response tintegrecipitation and snowmelt results in flashy
surface runoff (overland flow) and subsurface fitwat can generate floods. For instance, large-scale
felling of trees in the mountain areas of the upBeshmaputra basin have altered the riverine
ecosystem drastically, as a result of which, therrhas become heavily silted and floods are one of
the most common natural disasters in the basinu@oand Biswas 2002).

Runoff regeneration from the mountain varies dependn the vegetation types. Runoff is generally
lower from forested areas than from areas with Veggtation and, except on steep slopes with high
sediment yield; erosion is often lower where ndtémeest occurs. For example, maximum surface
runoff during heavy rain in the Austrian Alps is-80% lower in forests than pasture (Preteal
2011). The timing of snowmelt is also a major deiaant for initiating the vegetation cycle of many
alpine plant species (Prock & Korner, 1996; Mynetral, 1997; Keller & Korner, 2003).

4.5 Economic value of water-related mountain ecagys services

Any value of water-related ecosystem services snidéntification of the eventual use of water for
drinking, irrigation, industry, recreation, hydraper generation etc. Many of these services do not
only impact upon the overall quantity of availatblater but also quality (e.g. hydropower generation
and recreation). The economic value of water-rdlateuntain ecosystem services is considerable in
terms of provision of water of adequate quantityl ajuality, throughout the year and adequate
supplies of electricity throughout the year. Majhanges in the cryosphere in terms of snowling,shif
duration of snow cover, increase in cryogenic hdgasuch as ice and snow avalanches, glacier
recession, formation and break-out of moraine-dathlakes, warming of perennially frozen ground,
and thawing of ground ice directly impact waterorgses and hydropower generation. The reduction
in glacier volumes can have a strong impact onséigson water flow in rivers fed largely by ice melt
(Immerzeelet al 2010), which will very likely affect the provisiong of downstream water for
drinking, hydropower (see Box 2), and irrigation.

BOX 2. Hydropower

Hydropower provides 19% of the world’s total elesty supply. Mountains offer green cost-effective
sources of hydropower all over the world and theme= renewed zeal for harnessing hydropower in
developing countries, particularly in India and &hi(Pandit 2009; Grumbine & Xu 2011). Several
hundred hydropower projects are now proposed iidth&layan region, which could lead to capacity
additions of over 150,000MW in the next 20 yeanstgfinational Rivers 2008). In the Andean
mountains, the runoff collected from just around5% of its mountainous watersheds (around
389,190 km2) is translated into a significant regiohydroelectric capacity of at least 20,000MW.
However, development of hydropower is criticallypdadent on availability of river flow of adequate
guantity and quality in terms of sedimentation.the moist tropical environment, mountain forest
ecosystem protects fragile slopes from soil leagland erosion (Pricet al. 2011). Destruction of
mountain forests or at least change their structon@y diminish their protective functions
againstloods, landslides, and rockfalls. For instance,¢hrrent trend in surface temperature increase
in the Alps is likely to create favourable conditsofor forest damaging organisms, such as bark
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beetles that can destroy the Alpine forests. Dmireers may be responsible for frequent forest fires
thus severely damaging forests. Extreme weathentgvelroughts, wildfire and the incidence of
insect-borne diseases are all likely to increasghér threatening the habitats of mountain orgasis
Such trends clearly have consequences for hydabgind protective functions of mountain forests
and impact hydropower development around the globe.

However, large-scale hydropower development in ni@ntain can impact the region’s natural
infrastructure and alter the timing, flow, floodIpe, oxygen and sediment content of water, and
threaten ecosystem health, particularly by disngpgnvironmental flows i.e. water requirements to
sustain ecosystems. In addition, agricultural anwddted land is lost; inhabitants of flooded aas
forced to move; and animals and plant species tlusie habitats and fish cannot migrate naturally.
Furthermore, uncoordinated promotion of small hpdreer plants as alternative sources of energy in
the mountains may be detrimental to the ecolog?RA (2011) reported large-scale ecological
damage for relatively low energy gains in the Ee@pAlps where about 75% of water abstracted is
used for hydropower. Thus, without proper environtaeassessment and compliance with ecological
standards, hydropower development in the mountams pose a significant threat to biodiversity and
forests, along with habitat loss and degradation.

Over 65 countries use more than 75% of their abkldresh water for agriculture. These include
countries with large populations such as India &heha, which rely heavily on mountain discharge
(Viviroli et al. 2003). For instance, according to a Green Inth&eS Trust (GIST) (Gundimeds al
2006) study, the per hectare ecological value dfradrient conservation, flood control, and water
recharge in dense forest is of the order of INFSG,Gabout US$ 125) in Himachal Pradesh and about
INR 6,255 (about US$ 134) in Uttarakhand. Theynested that the value of water related services
rendered by five Indian Himalayan States (Jammu Kashmir, Himachal Pradesh, Uttar Pradesh,
Sikkim and Arunachal Pradesh) in 2003 was over U8{lion. The largest value accrued was due to
flood benefit (US$ 493 Million) (see Table 4.2).

Table 4.2: Value of water-related services rendesethdian Himalayan states, 2003 (million US$)

State Nutrient loss Water recharge Flood benefits Total

Arunachal Pradesh 278 68 324 670
Himachal Pradesh 47 11 54 112
Jammu and Kashmir 55 - 64 118
Sikkim 12 3 15 30
Uttar Pradesh 31 12 36 80
Total 423 95 493 1,010

On the other hand, water related hazards in maumtsgas can have large-scale impacts associated
with high costs. Glacial lake outburst floods (GlpFas occurring in the Himalayas, constitute a
substantial risk to downstream communities andrtlegionomies and infrastructure such as
hydroelectric power schemes. For example, rehatidit of roads damaged by the outburst flood of
Zhangzambo glacial lake in Tibet in 1981 cost US#ilion. The power supply was cut for 31 days,
and the traffic was blocked for 36 days. Similathg outburst flood of Dig Cho glacial lake in Nepa

in 1985 resulted in physical damage of property afchstructure amounting to US$ 4 million
(Khanalet al 2009).

The global communities have realized that the manstplay an important role of providing water
resources to the communities living in the mourstaas well as downstream areas (Viviroli and
Weingartner 2004, Pagiokd al 2005a, b, Mufioz-Pif&t al 2007, Pagiola 2008, Fishet al. 2010,
Arias et al. 2011). Now there is a growing interest on ratiivgg the importance of mountains as a
source of water and other ecosystem services atlresgobe (Wangt al 2010). Latin America has
the longest running and most robust experienceéhénrealizing economic values of water-related
services provided by the mountains. The prevaleicaligned programs in Latin America reflects
several established conservation organizationgveacble in seeking innovative financing for their
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projects (Stantomt al 2010). In 2008, the economic value of watershaglices in Latin America
averaged US$100 per hectare per year.

4.6 Climate change-biodiversity-water cycle irdetion

The mountain ecosystems of the world with their plax terrain and steep climatic gradients are
likely to undergo highly heterogeneous responsedinmate change. However, still little is known on
the influences of concomitant changes in climai lziodiversity on a range of ecosystem goods and
services such as the freshwater (Watltl 2011). With much of the biodiversity located e tplains

of the globe depleted in the last century, potérdegradation of remaining biodiversity largely
confined in the mountains will significantly impamh global ecosystems. Paleologic records indicate
that climate warming in the past has caused vagatabnes to shift to higher elevations, resulfimg
large ecosystem changes in terms of species cotigpps{UNEP/GRID-Arendal 2005) and
introduced weeds. Simulated scenarios for tempetai®ate mountain sites suggest that continued
warming could have similar consequences. Speciggamsystems with limited climatic ranges could
disappear in most mountain regions with changelkdrextent and volume of glaciers and the extent
of permafrost and seasonal snow cover. Legibal (2008) estimated that climate change has already
resulted in an upward shift of average 29 metersdpeade in optimum elevation of species. Figure
4.1 shows a comparison of current vegetation zemes hypothetical dry temperate mountain site
with simulated vegetation zones under a climatewiag scenario.

Impact on mountain vegetation zones
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Figure 4.1: Climate change impact on vegetatioregat a hypothetical dry temperate mountain site
(source: UNEP/GRID-Arendal 2005)

In the European Alps for each 1°C of temperatuceeiase, the duration of snow cover is expected to
decline by several weeks at mid-elevations whicll widuce major changes in the species
composition (Bategt .al 2008). As a result, species adapted to cold nempine extinct through
competition and habitat loss (CIPRA 2009). Furthmmen higher temperatures at higher altitudes
could accelerate soil decomposition and changevsai#r infiltration pattern. In the Tibetan Plateau
signs of degraded grassland have been attributeditmer temperature, changes in combination of
temperature and precipitation, decreasing glaciegdting and overgrazing (Shang and Long 2007).
Increasing temperatures and reduced rainfall alay hmve degraded large areas of peat lands
dominated mountain wetlands which are susceptibiamage as a result of drainage or modification
of the hydrological regime. In the future permafrdggradation will likely cause a drier ground
surface (Cheng and Wu 2007). These changes wilifgigntly affect soil properties and thus the
water cycle (Wangt al 2006).
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4.7  Global and regional policies for sustaigmmountain ecosystem services

The global community recognised the importance ofimtains at the United Nations Conference on
Environment and Development (UNCED) in Rio de JameBrazil in 1992 through adoption of
Chapter 13 in Agenda 21. Chapter 13 underscoredrdlge of mountains in global sustainable
development as well as the importance of ecosyssemsces provided by the global mountains. The
chapter also expresses serious concerns relaté tbhiodiversity degradation of many mountains.
Similarly, the World Summit on Sustainable Develgmn (WSSD) also dealt with mountain
ecosystems and advocated in Paragraph 42 of the dfldmplementation of the WSSD that:
“Mountain ecosystems support particular livelihgodad include significant watershed resources,
biological diversity and unique flora and fauna.rnMare particularly fragile and vulnerable to the
adverse effects of climate change and need spgcdtection.”

The Conference of the Parties (COP) to the Conwerdn Biological Diversity (CBD) adopted the
‘Programme of Work on Mountain Biodiversity’ (POWNIBs Decision VII/27 at its 7th Meeting,
held in Kuala Lumpur in February 2004. The PoW oauktain biodiversity was re-emphasised by
CoP-10 in Nagoya, Japan in 2010. Since the adviehisoProgramme of Work, significant progress
has been made in networking, mobilising, and inftieg programmes related to mountain
biodiversity (Chettriet al 2008, Sharmat al. 2010). These provisions have provided ample gioun
for addressing the pressing issues and challerigessaring mountain ecosystems services.

At the regional and local levels initiatives likeet Alpine Conventions, Carpathian Convention,
regional cooperation initiatives in the Himalay&h&rmaet al 2010; Zomeret al 2010), Bhutan
Summit, Altai mountain (Badenkov 2011) and othercmdcy initiatives are playing key role to bring
mountain agendas in the policy arena for sustaittiegwater related ecosystem goods and services
provided by the mountains.

However, widespread and continued ecosystems degvadin the mountain region imply that
current policy regime and management framework ayumntain biodiversity conservation must
consider ecosystems, not just species. Water —ooe generally ecosystem services, which is linked
also to biodiversity — should also be includedaoef abrupt and disorganizing climate change. There
is a need to think out-of-the-box and mainstrealigr{n the linkage between water and mountain
biodiversity into global and regional political-emmic initiatives. An integrated multidisciplinary
approach at landscape level supported by an im@nsapacity-building process involving
conservationists, policy planners, decision makansl local stakeholders is needed to ensure water
availability to conserve the rich biodiversity dietmountains. Research and policies should bedinke
to livelihoods and local knowledge. Payment forsgstem services is emerging as a tool to support
mountain communities in sustaining the water rel&eosystem services provided by the mountains.
Best practices need to be identified and developased on evaluation of current examples.
Practitioners and policy makers should be engagedunding research and in encouraging a
development agenda that takes mountain commuitiégheir livelihoods into consideration.

4.8  Management options

In recent years, significant progress has been noaderds sustainable natural resources management
in the mountains. On one hand, conservationista ficross the globe are advocating for the cause of
Mountains for Rio+20 for the inclusion of substaatisupport. And on the other hand, mountain
people are strengthening the better understandinmugh various research frameworks such as
Global Change and Mountain Regions (GLOCHAMORERHal Observation Research Initiative in
Alpine Environments (GLORIA), Global Mountain Biagirsity Assessment (GMBA) (Gurung 2006;
GLORIA 2012; GMBA 2012 respectively). In 2010, mdhan 450 mountain experts have revisited
the mountain issues based on which mountain reseaeds were identified such as increased focus
on effective responses and innovations while maiimg the core competence in forecasting and
observation; assessment of different drivers ofngbaand their impacts on ecosystem services;
improved understanding of human movements, sodio@lldrivers affecting collective behaviour,
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and incentive systems; and in particular increasederstanding of linkages between social and
ecological systems. (Gururg al. 2012).

The landscape or ecosystem approach, as advocgtédebConvention on Biological Diversity
(CBD) and reiterated through the Programme of WamkMountain Biodiversity, is an important
strategic framework provided by the CBD to addrissconservation and management of mountain
biodiversity. This approach, which has gained impefChettriet al. 2009; Sharmat al 2010;
Worboyset al. 2010), requires increased regional cooperatiomairt due to the biophysical nature
and heterogeneity of mountainous regions, intdw@lyes between biomes, habitats, and sectors, and
the strong upstream - downstream linkages relatedhé provisioning of ecosystem services.
Effective implementation of such regional coop@emthas worked in countries of Western Europe
under the Alpine Convention as well as in centratl &astern Europe under the Carpathian
Convention, in both cases their focus is on cora@w and protection linked to sustainable
development. Similar efforts are underway in thedlég and in mountain areas in the Caucasus and
Balkans. Also, in the greater Himalayas, efforte anade towards sustainable management of
transboundary landscapes and their ecosystems amsofad by ICIMOD in the landscapes of
Kanchenjunga, Brahmaputra-Salween, and KarakorumifRahich have been selected due to their
relevance for biodiversity.

A worldwide proven and acknowledged approach tdasmsbly addressing the linkages between
ecosystem components including vegetation, soil water, and human systems is the integrated
watershed management approach. A watershed isedddis the geographical area drained by a water
course, ranging from micro-watersheds e.g. a faxwssed by creek up to large river or lake basins.
As such, watersheds integrate conditions and psese®ver certain areas and determine the
functionality of their ecosystems and the waterdyifor river systems, which provide essential
freshwater for aquatic life, agriculture, hydropovgeneration, and industrial and domestic use for
mountain and downstream populations (MA 2005). ldenihe sustainable management of a
watershed is crucial to fulfil basic needs as vaslto sustain and improve the livelihoods and
economies of local and downstream communities.niinee-based mechanisms such as Payments for
Ecosystem Services (PES) can offer effective wdysampensating upstream communities for
sustaining ecosystem services, in particular fregbwprovisioning, to downstream communities
provided that adequate institutional frameworksianglace. With increasing evidence and awareness
about climate change impacts, watershed managenssus to fulfil multiple objectives such as
mitigating and adapting to climate risks, outliniagpath to sustainable production of goods and
services required by the communities, and sustgitive natural resource base. High mountain
watersheds are of particular importance as largarnaunities in downstream areas depend on the
various goods and services the high altitude greasde. Effective watershed management requires
taking into account the linkages between upstreathdownstream areas while involving the local
communities. Due to the high dependence of humalftb&eg on well-functioning watersheds,
watershed degradation constitutes a serious thiceaustainable development. Since watershed
boundaries generally do not coincide with politibaundaries, watersheds need to be managed at the
transboundary level. In Tajikistan, for examplege tiCommunity Agriculture and Watershed
Management Project aims at integrating local pradocimprovement with global environmental
objectives, protecting globally significant moumtacosystems by mainstreaming sustainable land
use and biodiversity conservation within farmingtsyns and rural development programs.

Public schemes, international donors, and ResemrdhDevelopment institutions have increasingly
invested in watershed management at different sdaleensure environmental stability, and socio-
economic benefits from the relevant policy and ficas. Through the World Bank support the
mountain state of Himachal Pradesh in India is stimg US$ 60 Million in watershed development.
In its ‘Bhutan 2020’ policy document, the Bhutarvgmment named watershed management as the
“single most important strategy to maintain theotese base to support the national economy”
(Jamtsho and Gyamtsho 2003). Particularly the @patiory multi-stakeholder planning process was
considered effective in the development of sustdenavatershed management plans as it would help
to adequately address the interdependence of isslsged to natural resources management in the
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watersheds, ownership of resources, developmenttefind conflict resolution. Emphasis needs to
be given to considerations of environmental flowsvater requirements by ecosystems which are a
key element when it comes to managing biodiveisny water in an integrated way. In the mountains
of Lesotho, the Mohale Dam has been designed iayathnat it releases water of variable quantity and
guality with the aim to provide occasional floodidgwnstream to provide essential environmental
flows. In the face of climate change, there isrameasing need to develop further such integrated a
holistic approaches for managing mountain ecosyst&hich sustain the flow of ecosystem services
through integrating innovative solutions for climathange adaptation be it ecosystem-based such as
sustaining highland wetland systems that provideoua services including water regulation and
habitat for biodiversity or new technologies susldap irrigation systems.

Furthermore, in recent years, there has been siagaealization that protected areas and the
biodiversity therein are critical sources of ecdsys goods and services and the values of these
protected areas are important building blocks ohemic development (TEEB 2010). The ecosystem
valuation is necessary to bring sub-optimal densiof the market agents to the notice of the policy
makers so that we can put effective policy meastoesdiodiversity conservation based on market
(dis)incentive approach.

4.9  Policy recommendations

- The overwhelming complexity of interactions betwesvironmental change, water cycle and
biodiversity in the mountain regions and socialiesrvymental response calls for increased linking
of expanded scientific research and sustainaljpi@licies. Future policy must anticipate these
interactions by promoting long-term monitoring asata collection on climate and hydrology;
and closing knowledge gaps by promoting substadtiastudies of species composition,
evolutionary and adaptive responses of speciesomnbiodiversity; and assessment of
productivity and carbon dynamics in different ecdsyns in mountain areas;

- To address changes in the water cycle as a consegjud climate change and the effects on
biodiversity, climate change impacts should be lipotated as a critical factor into biodiversity
conservation, andice-versa For example, plans for mitigating climate chatig@ugh use of
renewable energy systems (e.g. hydropower) shoatwsider the potential effects of these
systems on biodiversity;

- The improved understanding about biodiversity-watgrcle interactions has important
implications for how we manage and govern them. dimeent ‘paradigm’, in which water and
biodiversity are managed separately, is obsoletecofprehensive watershed perspective on
extended landscapes and basins, considering ups{reauntain areas) and downstream (lower
lying areas) linkage, should be promoted to integpmlicies targeting biodiversity conservation
and maintenance of natural water cycle;

- Global comparability in research data and findiagswvell as policy frameworks and regulations
needs to be enhanced to understand the functiafimgountain biodiversity in the context of
global climate change and basin-wide water resgumanagement. Research on hydrological
data is important for understanding how the waterees of the headwaters are connected to
river systems, and for their sustained maintenaRoe.this, a workable definition of mountain
areas will need to be agreed and adopted internziyo

- Research efforts need to increasingly focus onlikikages between upstream (mountain areas)
and downstream (lower lying areas), their interdejeecies, exchanges of goods and services
and innovative policy and practice approaches ttventional issues (e.g. PES) to develop long-
term sustainable solutions. Technological, findnci@and institutional support should be
increasingly directed to developing mountain caestthrough global mechanisms such as the
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Global Environment Facility (GEF), the National Adation Programmes for Action (NAPA),
and the Global Climate Change Alliance of the EU.
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CHAPTER 5 Urban ecosystems

51 Urbanization: drivers and extent

Humans have cohabited in towns and cities for mill@ (Carter, 1977). Urbanization and its reliance
on the water cycle is not a2&entury phenomenon. The first urban revolutioruoe thousands of
years ago giving rise to the “great river civilisats” of the Tigris-Euphrates, the Nile, the Indus-
Ganges and the Yellow River (lto, 1997). The dewalent and prosperity of these early urban
centres depended on the agricultural potentiatrifated environments and the associated logistical
advantages of anastomosing and braided channetegdcMahon, Karsgaard, al-Quntar, & Ur,
2007). There is increasing evidence that the cedlapf these early civilisations and the urban and
agricultural systems which they supported, wasait@tl by hydrological changes and reductions in
rainfall of up to 30% in a tract of the globe extany from Europe to the Indus (Cullest, al, 2000;
Weiss & Bradley, 2001). There is also evidence wisaggests that in some cases desertification
initiated by hydrometeorological changes may hasenbaccelerated by changes in lad use and over
grazing by livestock as migratory populations sdughbre favourable agricultural conditions (Weiss,
et al, 1993). Ancient history demonstrates the precarimature of the relationship among
biodiversity, hydrology and urbanization.

Today, the urban population is growing at an urgrleated rate setting the social, political, cultura
and environmental trends of the world (UN Habigi11). These trends embrace both the good and
the bad (Florida, 2005). Historicaljlomo urbanusvas in a minority (Newman & Lonsdale, 1996).
As recently as the 1950s, only three out of terpleecesided in urban areas. However, just 50 years
later, more than one-half of humanity now livestamnvns and cities (Cohen, 2010). By 2050 the
number of urban inhabitants is expected to redailién (United Nations, 2011)(Figure 5.1).

Estimates based on the interpretation of sateltitagery place the global extent of urban areas
between 0.2 and 2.4% of the terrestrial land serf@otere & Schneider, 2007). In the year 2000
cities with a population greater than 100,000 doethin excess of 600 million people and theirltota
built up area (based on average densities of alR@&0 persons per square kilometer) was over
200,000 square kilometers (Angedf al, 2005). With the predicted increase in globalamrb
population it is expected that land will be conedrto urban areas at a rate of approximately 20,000
square kilometers per annum. It has been estinthéd@dvery newwHomo urbanugesults in the direct
conversion of 500 square meters of non-urban lamd€l, et al, 2005). Whilst differences in the
rates of urban land expansion vary from continerdantinent and are driven by a variety of fagtors
on a continuum of human impacts urbanization regpssthe most irreversible of all land uses (Seto,
et al, 2011).

On-going land conversion will continue to generpgmanent and irremediable impacts on both
biodiversity (Alberti, 2010; Hanseret al, 2005) and the hydrological cycle (Fitzhugh & IRir,
2004; Hoekstra A. Y., 2009). Urbanization can drikie direct loss of natural ecosystems such as
forests and grasslands, the drainage and conversirtlands (Millennium Ecosystem Assessment,
2005) and especially floodplain areas (Tockner &n®ird, 2002; Zedler & Leach, 1998). The
densification and sprawl of built structures, it lenchecked, can generate impacts across a rdnge o
hydrological processes. Cities can be an unsusii@mmain on water resources (Braga, 2001; Geldof,
1997; Fitzhugh & Richter, 2004), deplete groundwégkeonikow & Kendy, 2005) and have a long
history of being polluters of aquatic ecosystemgn@g$, 1960; Niemczynowicz, 1999). The increase
in impervious areas increases run off rates (Lehpt®68; Scholz, 2006), alters latent and sensible
heat fluxes (Offerleet al, 2006) and reduces their resilience to climatgnge (Stonegt al, 2010).
These changes to the hydrological cycle can beimpaixand distal or of short or long duration
(Hollis, 1990; Kingsford, 2000; Fitzhugh & Richte2004). Predictions suggest that without radical
investment and commitment cities in some regionghefglobe will fail to satisfy their own water
demands and the future protection of freshwatesystems (McDonaldt al, 2011).
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Figure 5.1. Percentage of Population Residing in ban Areas(source United Nations, 2011).

However, despite rapid expansion, cities can bes lofilmational production and consumption driving
the economic and social processes that generatéhwead opportunity (Van Vliet, 2002; UN
Habitat, 2010). Compact, well-planned cities canegate resource efficiencies, reducing both energy
consumption and carbon emissions (National Rese@mincil, 2009). Increasingly measures are
being introduced to increase water efficienciesg@s, de Silva, & Bhatia, 2002), to work with
biodiversity to manage urban water issues (Breenei006), to reduce their impact on the
hydrological cycle (Woods-Ballaret al, 2007), to mitigate and to adapt to climate cleafMcEvoy

& Handley, 2006) and to produce water sensitiveanrtbesign solutions (Hoyest al, 2011).

5.2 Cities and hydrological processes

5.2.1 Water resources and footprints

Progressive urbanization can have a serious ingatte consumption of water resources as well as
altering fundamental hydrological processes. latied terms the direct water demands of cities are
low, with domestic use taking about 10% and indailstise about 20% of all water withdrawals
compared to 70% for agriculture (WWAP, 2009). Whillse total global amount of fresh water
available is adequate to satisfy the current pdjpuls need, its availability is not evenly disuiied.
Estimates demonstrate that over two-fifths of theles population currently resides in river basins
where the per capita water supply is at a levelrevlisruptions to water supply are common and
frequent occurrences (Fitzhugh & Richter, 2004).6eer a decade water demands have routinely
exceeded supply in over 80 countries (Gleick, 199B)less current consumptive patterns alter
radically the percentage of humans living in badmsng water stress will continue to grow as
demand outstrips supply (Revengaal., 2000).

Cities are dependent on water resources drawn fnaras and ecosystems extending well beyond
their municipal boundaries. The water footprintaofity can be defined as the extent of water use in
relation to the consumption by people and is cloirked to the concept of virtual water (Hoekstra
& Chapagain, 2007; Allan, 1998).s8essments of city’s water footprints quantify flbevs of virtual
water leaving and entering the urban area (Hoekstthapagain, 2007). In addition to basic potable
water supplies and sanitation needs, urbapufations in Europe and North American consume a
considerable amount of virtual water embedded ipoirted food and products. According to one
calculation, each person in North America and Eer{gxcluding former Soviet Union countries)
consumes at least 3rper-capita-per-day of virtual water in importeado compared to 1.4 Iper-
capita-per-day in Asia and 1.1 per-capita-per-day in Africa (Zimmer & Renault, 3)0
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Water is vital for the production of almost eveigthupon which cities depend. An average car tyre
requires about 2frof water to manufacture; a ton of steel callsZ87n7; and an egg requires about
0.5nt. Even in temperate, humid regions where rainfalfrequent, the piped in water supply for
domestic, industrial and other uses is as gredlheglirect precipitation input to many urban areas
(Lerner, 1990). As ‘water footprints’ grow, individls, companies and entire cities, will need t@ fac
the threat that there may soon not be sufficierteived met al demands (Hoekstra & Chapagain,
2007; Revengeet al,2000) or that to meet their demands will requinsustainable impacts across a
range of other ecosystems.

5.2.2 Influence on hydrological processes

A consistent theme permeating the literature ommrgustainability and resilience is that rathentha
being viewed as a human construct, cities nee@ trobsidered as dynamic and complex ecosystems
which often arrange themselves along a variety raflignts (Tjallingii, 1993; McDonnellet al,
1997). As with other ecosystems, they are not umifor static and will be subject to changes inrthei
land surface, water and energy consumption orapainfiguration. Such changes will alter flows of
energy and materials, including waste, water amdlibérsity (Savardet al,2000). Therefore the
impact of cities on the water cycle is not confitedvater resources and footprints but also drines
situ influences on physico-chemical hydrologicalqasses (Newson, 1994).

Urbanization is not a single or linear process Iteguin a single outcome (Konrad & Booth, 2005).
Cities are complex and heterogeneous ecosystenchvimilude a variety of land uses, including
inter alia woodland and forests (McDonnebt al, 1997), important grasslands for invertebrates
(Wood & Pullin, 2002), small-scale agriculture ($nfRatta, & Nasr, 1996), wetlands for managing
urban runoff (Scholz, 2006) and a variety of noeebsystems (Kowarik, 2011). Urban areas
characteristically also include extensive areasngjervious surfaces. Therefore cities can alter a
multiplicity of hydrological processes. This is nmw and was recognised some forty years ago by
the eminent hydrologist Luna Leopold who concludedt of all land-use changes affecting the
hydrology of an area, urbanization is by far thestrforceful (Leopold, 1968).

The same hydrological flow paths exist in citieshaesy do in other ecosystems (Figure 5.2). However,
anthropogenic modification greatly alters their gibgl dynamics (Hall, 1984) and water quality and
hence their ecology (Konrad & Booth, 2005). A doamh feature of many urban areas is the
increased area of impervious surfaces, leadingdecaease in infiltration and an increase in sefac

runoff (Leopold, 1968; Newson, 1994). However, ¢hare other subtle ways that biodiversity, even
within the highly modified landscape of a city daeneficially contribute the hydrological respon$e o

cities.
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Figure 5.2. Flow paths in urban areas(A=rainfall/snowfall; B=cloud-water interception;
C=evaporation; D=transpiration; E=throughfall/stewf, F=infiltration-excess overland flow;
G=infiltration; H=Ilateral subsurface flow in sotrata; I=lateral subsurface flow in regoilith/rock;
J=saturation overland flow; K=river/channel flowsdverbank inundation).

Evaporation and transpiration

Cities possess built structures, such as buildamgs roads, which combine to form micro-climatic
features, and subsequently agglomerate with othaédilhgs, gardens, car parks and sidewalks to
create local-scale climatic regimes (Grimmond & QOK®99). These elements of the urban
environment combine to modify significantly theX&s of heat, moisture and momentum and further
alter atmospheric processes through anthropogepits of heat, water and pollutants (Taha, 1997).A
common climatic result of urbanisation is the gatien of ‘urban heat islands’ (UHI) where the air
temperatures are relatively higher than the comeding latitudinal and altitudinal rural values @k
1988; Arnfield, 2003). Whilst the form and configtion of urban structures are known to influence
significantly local weather, the issue is compkthbecause of the complexity of the urban terrath a
the associated turbulence and energy transfer gges¢Souch & Grimmond, 2006).

Traditionally, the role of evapotranspiratioBT) has been neglected in urban hydrological studies,
primarily because of the dominance of built andempus surfaces and the relatively reduced rates
when compared with other natural or rural ecosystd@rimmond & Oke, 1999). However,
evapotranspiration, along with urban albedos whidwve been shown to decrease summer
temperatures by up td@ (Taha, 1997), is a potential moderator of urbararclimates (Soleckiet

al., 2005) and particularly as mitigation for the atge health impacts caused by urban heat islands
(Haineset al.,2006).

Increasingly attention is being directed towards ‘tases’ effect of vegetated areas within the mrba
environment where as well as providing direct sh@gdind other benefits, under the right conditions,
evapotranspiration from urban green space can eedirctemperatures by 2@ in comparison to
surrounding areas (Taha, 1997; McPherson, 1994)etJoertain circumstance the latent heat flux
(AE) can be sufficient that the sensible heat flt) pecomes negative, causing the air above
vegetated surfaces and over drier built environmémtsupply sensible heat to the vegetated areas
(Taha, 1997; Rizwan, Dennis, & Liu, 2008). This eripnce has been recorded for suburban lawns
(Suckling, 1980), urban woodlands and parks (Mcgdrer1994) and green roofs (Oberndorétral,
2007). In some of these situations the Bowen r@tto of H to AE) can tend towards the negative
resulting in a significant reduction in air temperas. The increased evapotranspiration rates
associated with vegetated urban spaces has bean sh@roduce a maximum cooling of &bfrom
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urban parks in Hong Kong (Tongt al,2005) and 2C from urban grasslands in Tokyo (G,
al.,1998) . A simulation study of ten cities in theited States of America demonstrated the relative
significance of additional tree planting in metrbfam areas as a method to reduce ambient air
temperature through elevating evapotranspiratitasr@l able 5.1).

Table 5.1. Number of additional trees planted in each metlitgn area and their simulated effects in
reducing the ambient temperature. (Source: Tethal,, 1996)

Maximum air

_ Millions of additional Millions of addltl_onal temperature
Location ) ; . trees in the reduction in the

trees in the simulation : . .

metropolitan area  hottest simulation cell

(C)

Atlanta 3.0 15 1.7
Chicago 12.0 5.0 14
Los Angeles 11.0 5.0 3.0
Fort Worth 5.6 2.8 1.6
Houston 5.7 2.7 1.4
Miami 3.3 1.3 1.0
New York City 20.0 4.0 2.0
Philadelphia 18.0 3.8 1.8
Phoenix 2.8 1.4 1.4
Washington, DC 11.0 3.0 1.9

Despite the predominance of impervious surfaceshaiiitl structures, evapotranspiration represents
an important flux within urban environments, actiag an energy sink, and hence reducing urban
temperatures. Not only do urban green spaces @avidnge of ecological and social benefits within
a largely artificial environment they can be impaitt drivers of climatic functioning assisting to
modify the local hydrological cycle (McPhersat.al, 1997).

Interception and infiltration

The high degree of impermeable surfaces assoaitedurban buildings, roads and other structures,
including unpaved compacted soils, reduces infiire to ground and subsequently rates of
groundwater recharge (Gregoet,al,2006). For instance Lindh (Lindh, 1983) stateat tinfiltration

to ground is markedly reduced” [in urban areas}nke (1990) suggested that whilst infiltration and

recharge are heavily modified in the urban envirentnthey are influenced by two distinct pathways:

the altered natural pathway and the water suppliage pathway, which can result in recharge higher
than pre-urbanization rates.

Urban water supply and sewage-waste water systeraftean a complex of interconnecting systems.
Water can be piped to cities from distant watershedreholes bring groundwater into the network,
water supply pipes leak, stormwater is dischargedround via soakaways, infiltration basins and
permeable pavements, septic tanks discharge wasée to ground and over irrigation of urban parks
and gardens contributes to increased evapotratispind infiltration rates (Figure 2). These vaso
interconnected pathways can carry large flows amdunt for high percentages of the urban water
cycle and the balance of urbanized aquifers (Tapl&or instance in Doha it has been estimated that
urban aquifer received over 87% of its rechargenfrmark irrigation, leaking mains and discharges
from sewers and septic tanks (Lerner, 1990) (Taldg
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Figure 5.2. Urban effects on groundwater recharggRedrawn from Lerner, 1990).

Biodiversity has a key role play at the interfaeéneen the natural (but usually highly modifiedylan
anthropogenic urban hydrological pathways. Everbibigical action of acidogenic, acetogenic and
methanogenic bacteria which drive the anaerobiestign process in septic tanks assist in improving
urban waste water quality prior to discharge tougrh Vegetated infiltration basins, grass swales,
buffer strips, as well as rain gardens and greefsyall influence interception and infiltrationtes,
ultimately assisting in moderating stormwater rdinofurban areas. For instance, trees can intercept
and store rainfall on their leaves and branchesraadgrowth and decomposition can increase the
capacity and infiltration rate of urban soils (XjadcPherson, Simpson, & Ustin, 1998). In Santa
Monica, California, for example, municipal forestgercepted 14.8% of a winter storm event and
79.5% during a summer storm and across the cityéets and parks trees intercepted 1.6% of the
annual precipitation (Xiao & McPherson, 2002).

Vegetated infiltration basins and swales are nowtimely applied as elements within urban
sustainable drainage systems (Woods-Balletal, 2007). The use of a variety of plant species in
such design features, including trees, can assisinproving infiltration to ground (Gregongt
al.,2006), reducing soil compaction (Bartenst al,2008), removing potentially polluting
contaminants (Ellis, 2000) and attenuate the stat@mhydrograph (Scholz, 2006).

Often these features are used in combination viltkeroelements such as permeable pavements and
wetland systems (Scholz, 2006) in order to achveater sensitive urban designs (Llowd,al,2002).
Such approaches to improving interception and asirgy interception, for the tripartite roles of
reducing flood risk, increasing groundwater rechamgd improving water quality, have biodiversity
at their core even within the highly modified urdandscape.

Table 5.2. Example of water balances of urbanised aquite#¥rfd™). (Source: Lerner, 1990).

City Lima Doha Bermuda

Area (km?) 400 294 6.3
Recharge from:
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Precipitation 0 115 4.83
Rivers 280 0 0
Agricultural irrigation - 0 0
Park irrigation 390 37.6 0
Leaking mains 340 25.3 0
Sewers and septic tanks 0? 17.6 3.13
Soakaways 0 - -

Stream flow and overbank inundation

Many urban streams have been straightened, cullverteonstrained between concrete banks so that
effectively they are little more than open, artdicdrains (Newson, 1994). In the United States of
America estimates suggest that more than 130.000fkiwers and streams are directly impaired by
urbanization (US Environmental Protection AgencysBPA), 2000). Widespread engineering work
across urban centres, often to enhance flood cameeyand disaster risk reduction, whilst increasing
the ‘flashiness’ of the hydrograph has reduced @maved connectivity of flows, sediment
movements and the dispersal of species betweetivdrechannel and the floodplain (Gurnedt, al,
2007). Such actions result in predictable changeahe flow dynamics, water quality and ecological
functioning of urban water courses, often manifastonsistent declines in the species richness of
invertebrates, amphibians and fish communities|(Ravdeyer, 2001).

The physical alteration of urban streams often afisects the biotic elements both along the
longitudinal channel continuum (Vanno#,al,1980) and through important riparian zones ouhéo
wider floodplain (Gregoryet al,1991). The loss or degradation of the linkagevben the physical
hydrology and the ecological components not onkgral the contribution of stream flow and
overbank inundation to the wider hydrological cyitlpotentially undermines biological diversity at
the landscape scale (Petts & Amoros, 1996).

Water quality

Urban development is a major cause of water qualdgradation (US Environmental Protection
Agency (USEPA), 2000; Paul & Meyer, 2001). Runimféfm urban areas results in an increase in
nutrient loads, metals, pesticides, organic comiants and other pollutants (Gurnedt, al.,2007;
Niemczynowicz, 1999). Additionally thermal regimean be impacted negatively (Leblarst,
al.,1997) and levels of dissolved oxygen deficits leal to fish kills (Gafnyet al,,2000). Often these
impacts persist for some distance downstream @frudentres. A study on the Yarra River, Australia,
indicated that the impact on urbanization on maww@itebrate assemblage composition in riverbed
sediments was more persistent downstream of urbyaines than the positive effects of riparian forest
cover, suggesting that restoration and managenutiniti@s should focus on mitigating the negative
impacts of catchment urbanization (Walshal,2007).

Green infrastructure, such as infiltration basksstainable drainage features and wetlands can be
used within urban environments to mitigate the iotpaf polluted storm and waste water (Scholz,
2006; Woods-Ballardet al,2007). However in-stream water quality can rengaor if elements are

not joined up and a holistic approach to managiagewin urban environments fails to be pursued
(Lloyd, et al, 2002; Gurnellgt al,, 2007).

5.3 Urbanization, hydrological functions and ecosystem services

5.3.1 Urban ecosystem services

Whilst cities depend on wider ecosystems for tbav fof energy, materials and water, they can also
benefit from the ecosystem services generated ¥idhin municipal boundaries. Any urban area can
be considered as a complex ecosystem where itseiea single entity in a state of flux (Tjallingi
1993), or as a mosaic of individual ecosystems sisdakes, parks and gardens (Rebele, 1994). Often
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the habitats present in urban landscapes are nowrherging and bear little resemblance to pristine
natural habitats (Kowarik, 2011). The relationshpsong urban form, density, and the distribution

and type of green space can influence both theagliof ecosystem services and the nature of the
beneficiaries (Tratalogt al, 2007; Alberti, 2010).

Biodiversity conservation has traditionally relied a system of protected areas (Heller & Zavaleta,
2009) in order to protect threatened and endanggredies. The emphasis of this process has been
outside of urban areas. Such a system is fundahmasta means to an end, where that end is the
protection and maintenance of all forms of everreasing wild biodiversity (Locke & Dearden,
2005). Whilst the maintenance and appropriate memagt of rural protected areas is essential for
slowing down the global loss of biodiversity (Brunet al, 2001) biodiversity also exists outside of
rural protected areas and inhabits urban spacéss@ire not irrelevant to biodiversity conservatio
with many species living and commuting through warlzeas (Kinziget al, 2005) and many
protected areas lying within or contiguous to urlbantres. However, many urban habitats, such as
brownfield sites or roadside verges, which do ngipert protected species fail to get recognised
within the classical protected area model yet tresas can still support a rich diversity of spgcie
and deliver important ecosystem services (Knadml, 2008; Robinson & Lundholm, 2012). The
majority of urban biodiversity conservation stragsgaim at preserving and reconnecting remnants of
native habitats and restoring native species. Whish approaches are essential, the questiors arise
as to whether traditional approaches need to belemgnted as they fail to embrace the full range of
urban nature (Kowarik, 2011).

Similarly, recognition of the importance of the amon, local and non-iconic species, including the
bacteria which drive many biogeochemical processas, often remain subservient to exotic and
appealing species (Ballouakt,al, 2011).This is in part an element of a wider pption issue where
focus on flagship species can detract conservatiemtion away from the overall importance of non-
charismatic biodiversity in broader ecosystem fiamct(Clucas,et al, 2008) or the delivery of
ecosystem services within urban landscapes (BaduHdnhammer, 1999).

Groundwater recharge

Despite the preponderance of impervious surfacesipitation falling on urban green spaces can
directly recharge groundwater. Excessive irrigatidrparks and gardens and leakages from water
supply and sewerage networks can also provideeadigroundwater recharge (Lerner, 1990). A
study conducted in Austin, Texas, demonstrateddatt recharge decreased from 53 mifgrior

to urbanization to 31 mmyrin post urbanization conditions. However, whenirect sources were
taken into account an additional 85 nilmasulted generating a recharge rate in excess bsfnur
development (Garcia-Fresca, 2006).

However, due to the complexities of urban water agement systems, quantifying groundwater
recharge is difficult. Often point sources are wnkn or difficult to locate and measurements can be
impossible in all but a few cases. Modeling and jpotation of mixing ratios based on hydrochemical
signals has been employed to overcome issues ofesdacation. In Barcelona, Spain, analysis of
water samples from city aquifers suggest that faling on urban green spaces accounts for 48% of
all recharge, including non-urbanized areas (17Bfjtration from runoff (20%) and recharge from
the Besos River (11%). The remaining 52% is comgppasferecharge from water supply network
losses (22%) and sewerage network losses (30%jy(MazSuneet al, 2010).

Flood regulation

The conservation, restoration and creation of estesys both within and beyond urban areas can
assist in the management and reduction of flodd hisJapan it has been recognized since the early
2000s that non-structural interventions and catettnrmanagement options must be employed to
combat the risk of flooding to highly urbanized asgTakeuchi, 2002). A classic study from the

Charles River in the United States of America destrates how the management of ecosystems
within a broader watershed can deliver signifidaenefits to downstream urban areas (Faber, 1996).
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The catchment of the Charles River is one of thestnuensely populated river basins in North

America. Urban and suburban development from BosBaimbridge and surrounding communities

has destroyed much of the lower river's wetlandd aatural landscapes. This has resulted in a
reduction of natural water storage and significdownstream flooding in 1938, 1955 and 1968

causing millions of dollars’ worth of damage. Thenitdd States Army Corps of Engineers

commenced an analysis of the situation in the rB60% and discovered that wetlands still played a
major role in storing excess floodwaters and reutytche potential for damage on the upper and
middle portions of the Charles River (Doyle, 198®&wever, despite an understanding of their value,
wetlands in Massachusetts continued to be degradédost at a rate of up to 1 percent per annum.
The destruction of wetlands in the upper River &sabasin not only extended flooding problems
throughout the catchment and it exacerbated flgpdm the lower basin and urban areas in

particularly, as floodwaters, liberated from thdféung by wetlands, could move downstream more
quickly (Faber, 1996).

In 1972, the Corps of Engineers commenced workll@viate flooding in the lower basin by
replacing the existing dam at the mouth of therrive new dam and associated pumping station,
which could divert high flows to Boston Harbour,sn@mpleted in 1978. The Corps’ initial proposal
for the basin also recommended the constructidevefes and a second dam along the middle portion
of the Charles River at an estimated cost of $10Bomat 1970s prices. However, the 1968 flood
had taught the Corps important lessons regardieg#pacity of the wetlands to store flood waters.
Based on an understanding of the capacity of waslan attenuate flooding, in 1977 the Corps began
purchasing land and acquiring easements, priargipiarcels by location, storage capacity and threat
of development. By 1983, the Corps had purchasqmoamately 1,300 hectares and acquired
easements on 1,975 hectares of private land. Tdtegbed area now includes over 75 percent of all
existing wetlands in the Charles River watershed.atidition to the wildlife, recreational and
economic benefits which have resulted from theqmtadn of wetlands, estimates have suggested that
the capitalized flood control value of wetlandshwit the Charles River basin was approximately
$5,000 per wetland hectare at 1981 prices (Thibode@stro, 1981).

However, increasingly it is accepted that thera i®le for urban green spaces to play in reducing
flood risk within urban areas. For instance, in Dubreland, the use of natural green infrastruetu
to mitigate stormwater runoff has become mandatorgll new developments (O'Sullivaet al,
2012). Whilst quantifying the impacts of naturakms within the urban water cycle remains a
challenge due to spatial complexities (Burian & ooy, 2010), in the US it has been demonstrated
that urban greening projects not only influencerbiatjical processes by reducing flood risk but also
deliver commensurate benefits such as raising piyppalues, invigorating local economies, boosting
tourism, preserving farmland and safeguarding witetironmental quality (Lerner & Poole, 1999).

Many examples of integrated urban flood manageraemtemerging which integrate biodiversity
within sustainable solutions. In Dordrecht, theiéelands, attempts to mitigate urban flood riskehav
been integrated into new and upgraded developmiaaiisidual flood resilience measures have been
adopted at the street and building level, oftelizirtg green technologies and natural infrastrustur
which also deliver wider societal benefits, sucthigh amenity value and visual attractiveness. The
work in Dordrecht has shown that these green measuay be directly more economically efficient
than structural responses to flood management ragicectly provide additional economic benefits
through multiple use values (Zevenbergen,al, 2008). In Philadelphia, United States, green
infrastructure has been applied to address storemwaintrol. The added value of working with
natural systems as compared to using a sewer tanrms 50% of the city’s impervious surfaces has
been estimated at some US$2.8 billion over a tfetiof 40 years (Table 5.3) (Centre for
Neighborhood Technology, 2010).
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Table 5.3. Multi-value additional benefits associated withrewwater management green
infrastructure (Centre for Neighborhood Technoldgfy10).

Stormwater detention
Reduced energy for heating or cooling
Reduced health impacts from extreme heat events
Air quality improvements
CGO, reductions (avoided and sequestered)
Urban heat island mitigation
Reduced energy use, air pollution and greenhousemsions
Reduced ground conductivity (urban heat islandwsedof road salting in
winter)
Reducing air pollution
Reduced noise pollution
Reduced potable water use
Increasing available water supply
Stormwater retention and pollutant removal
Increased property values
Recreation value
Avoided conventional infrastructure costs
Reduced wastewater treatment costs
Reduced flood risk damage
Increased groundwater recharge
Societal benefits such as crime reduction and ingm@xercise
Noise reduction
Public education opportunities
Biodiversity and habitat
Longer roof life

One aspect of biodiversity management which is igginincreasing prominence in urban
developments is the integration of habitats witlii@en roofs. Given that roofs account for 40 to 50%
of impermeable surfaces in urban areas the potdaiatisnanage these areas for both flood risk
mitigation and wider environmental benefits is dig@vident. Empirical studies have demonstrated
that vegetated green roofs not only reduce the atrafustormwater generation they also suppress the
peak flood hydrograph and extend it considerablyohd the duration of actual rain events
(VanWoert,et al, 2005). A study in Brussels, Belgium, demonsttaesimilar outcome suggesting
that extensive roof greening on just 10% of buidirwould yield a 2.7% reduction in peak runoff
generation for the region (Mentere, al, 2006). Increasingly green roofs are being carsid as
complex ecological systems which provide multipdméfits from stormwater management to climate
cooling (Oberndorferet al, 2007), however, the evidence is also suggestiagwell designed roofs
can also contribute to the conservation of rarethrehtened species (Kadas, 2006).

Water quality regulation

There is a large body of evidence demonstratingwlee of green infrastructure within urban
environments in improving water quality and mitiggt pollution risk (Scholz, 2006; Ellis, 2000;
Zedler & Leach, 1998). Often the use of naturatesys can be cost effective in terms of both capital
and maintenance costs, even without factoring tteader environmental benefits delivered. The
implementation of an integrated constructed wetlamdieal with domestic waste water from a
housing development at Glaslough, County MonagHe#iand, not only effectively removed
pollutants (Table 5.4) but it also provided thremes the treatment capacity at a half of the chpita
costs as well as providing a range of amenity acdegational benefits (Doodgt al, 2009).
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Table 5.4. Performance of an integrated constructed wethr@laslough, Co. Monaghan, Ireland
(mean values February 2008 to August 2009) (Doetsl, 2009).

Influent Effluent Removal

(mg/l) (mgll) efficiency
(%)

Biochemical oxygen demand (BOD) 837 5 99

Chemical oxygen demand (COD) 1179 37 97
Suspended solids (SS) 2544 9 99
Total nitrogen (N) 43.36 1.69 96
Total phosphorus (P) 7.91 0.31 96
Ammonium 34.04 0.34 99
Nitrate 9.81 0.19 98

Molybdate reactive phosphorus (MRP) 4.28 0.04 99

In the city of Fuzhou has faced many of the wasttemwproblems associated with rapidly developing
cities. A canal running through the city receivezh¥ily polluted waste waters and was characterized
by unpleasant odours and floating solid waste. éisiten was taken by the city government to pursue
a low cost-low maintenance solution in favour afaalitional electro-mechanical engineered solution.
A series of floating vegetation boxes, each plant&tl native flora, were installed along a 500m
reach of the canal providing water treatment thhotige biophysically diverse surfaces provided by
the plant root zones and biogeochemical interastionthe fabric media within the boxes. Waste
water entering one end of the canal is recycldtieédop of the canal for treatment and a low-intgns
aeration circulates water and forces it passeditblegically active zones which are inoculated with
beneficial bacteria. The system is now reducingoended solids, improving water quality and
providing an enhanced habitat and quality of Idelbcal residents (Gaddis, 2003).

That Luang Marsh lies on the outskirts of Vientiahao PDR, and provides a vast economic benefit
to the city through the ecosystem services it glesi(Gerrard, 2004). Not least of these services ar
the protection of the city from flood risk and ttleaning of waste water. Recent work by NGOs and
the city government has aimed to improve water ityudahrough the targeted restoration and
construction of areas of wetland within the widearsh. Pilot study locations have been selected on
four criteria: (1) to address existing problem arezlated to waste water around That Luang Marsh;
(2) to be in areas which will test constructed amds in a range of situations; (3) to be in arelasre
there is clear interest and ownership by local edtalders; and (4) to have a pre-identified
management scenario for after the wetland is coctstd. Locations were selected for the pilot stidie
including treating waste from a local school, hdwdds, a pulp and paper mill and a brewery. Whilst
some issues arose during the establishment phas@yriy associated with undertaking construction
during the dry season resulting in leakage and giagaeasonal extreme water level fluctuations, the
sites have demonstrated effective water treatmemedl as providing the local communities with
wider benefits including education, aesthetics laindiversity (Gerrard, 2010a; Gerrard, 2010b).

Other services

Green spaces and urban ecosystems contribute via#ie quality of human life within cities. Often
the benefits of urban ecosystem services go uretbt@nd are taken for granted by the uninitiated
citizen and improvements in air quality, ambienhperatures and flood risk are not recognized in
terms of the importance of biodiversity (Rodriguez,al, 2006). Despite the growing body of
evidence regarding their importance, the city-reggmvironment presents many challenges for the
structural integration of ecosystem services irdscape planning, management and design (de
Groot,et al, 2010).
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A study from Stockholm, Sweden investigated sixsgstem services performed by different urban
habitats (Bolund & Hunhammer, 1999) (Table 5.5e®edifferent different urban ecosystems were
identified: street trees; lawns/parks; urban farestiltivated land; wetlands; lakes/sea; and stseam
Of these all of them regulated the urban micro-atenand provided recreational and cultural values.
Wetlands were the only ecosystem to deliver alb$ithe ecosystem services under investigation.

Table 5.5. Urban ecosystems generating local and directcarvelevant to Stockholm, Sweden.
(Source: Bolund & Hunhammer, 1999).

Street Lawns / Urban Cultivated Lakes /
Wetland Stream
tree parks forest land sea

Air filtering X X X X X

Mlcro-qllmate X X X X X X X
regulation

Noise reduction X X X X X

Rainwater drainage X X X X

Sewage treatment X

Recreation / cultural X X X X X X X

values

The importance of the urban ecosystems in providmigro-climate regulation reflects the
conclusions of the discussion on the importancevapotranspiration in cities for reducing the urban
heat island effect. The results from New JerseytddrStates of America, demonstrate that urban tree
planting can provide energy cost savings through mbduced need for electro-mechanical air
conditioning (Soleckiet al, 2005). In certain areas where mature trees me®ent the cost savings
were in excess of US$700 yifor every hectare of woodland in the city. Thetcsavings also
translate into avoided carbon emissions which weeater than 60 tonnesha’. In addition to the
energy and carbon savings associated with climegelation by urban trees, a study in Chicago,
United States of America, estimated that in 198@ dity's trees removed an estimated 5575 tonnes of
airborne pollutants which equated to value forcansing worth US$9.2 million (McPhersat,al.,
1997). A similar study conducted in Capital Parkctamento, CA, estimated the annual dollar and
energy savings for avoidance of space heatingfop@dis a result of evapotranspiration) avoidance of
sewage treatment capacity due to reduced discharggdting from storage within natural
infrastructure, avoidance of stationary source atlution control systems and avoidance of
fertilization and soil catchment basins. The anneaVironmental benefits delivered by green
infrastructure, and urban forests in particular,reveestimated to range from US$10,000 to
US$137,300 for Capital Park, which equated to aygprately US$30 to US$389 per individual tree
(McPherson, 1992).

Urban green space can also provide important sderadtions and cultural ecosystem services.
“Boundary parks” which separate distinct urban camities have been seen to facilitate more
opportunities for diverse cultural groups, espégialmong children and young adults, helping to
reduce segregation and diffuse social tensions £60h1998). Just as boundary parks can assist with
social cohesion and do not distinguish betweenasatass, colour or creed, studies from Sheffield,
UK, demonstrates that economically deprived groampad the older were the most likely to benefit
from recreational ecosystem services (Barbesal, 2007). A review of urban green infrastructure
has demonstrated that issues of social cohesioex@eienced in Sheffield, often occur in parallel
with a range of positive impacts on the hydrolobicgcle (Table 5.6, Centre for Neighborhood
Technology, 2010) further emphasizing the integratature of social and ecological systems
(Ostrom, 2009).
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Table 5.6. Benefits delivered by different green infrastuwetpractices within cities (modified from
Centre for Neighborhood Technology, 2010).

5.4 Cities and carbon

5.4.1 Carbon storage and sequestration in cities

Despite having limited spatial extent and distridutin an urban landscape, green spaces canestill b
important stores and regulators of carbon. A stfdye importance of above-ground carbon storage
in the city of Leicester, UK, demonstrated thatrd®@% of all carbon was stored in trees (Davits,
al., 2011). However, 40% of the tree-cover comprigear common native specie€rataegus
monogynalacq. (14%)Fraxinus excelsiol. (12%), Acer campestré.. (7%) andPrunus aviumL.
(7%)) which would be expected to be associated vatious urban habitats. Whilst some of this tree
cover occurs in urban parkland and associated avheh are afforded a degree of protection, this
study highlights the fact that the benefits prodidey common species often remain inadequately
accounted for within urban areas. Based on theelstic study, the contribution of cities, througa th
important ecosystem service of above-ground casdiorage in common tree species, to national
carbon storage estimates was undervalued by ana@irdeagnitude (Daviegt al, 2011).

Alongside the hydrological benefits, similar carbstorage benefits have been calculated for urban
forests in Canberra, Australia. When Canberra wieted as the site of the new capital for Australi

in 1911 the area was a relatively treeless gralad. Buccessive tree planting has establishee larg
areas of urban forest. In the mid-1990s the citynagars commissioned the development of a
computer based systems to collect, store and netetiata on trees planted in public areas (Bagiks,
al., 1999). A detailed investigation was undertal@adcertain the carbon sequestered in trees during
the Kyoto commitment period (2008-2012).

The computer modeling calculated that in the peBi008-2012 street trees would sequester 130,000
tonnes of carbon and Park trees a further 172 @@@es (Brack, 2002). Based on a hominal value of
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US$10 per tonne it has been possible to allow apeoison between carbon sequestration and the
value of urban forests for energy reduction. Tredmted energy savings of street verge and parkland
trees was estimated at US$1.57m, with a furtheefiteof US$0.32m in carbon sequestration. When
other benefits such as hydrological and pollutiomeboration were factored into the equation the
value of urban trees in Canberra over the perid@B20 2012 was estimated at US$20.05 million
(Brack, 2002).

5.5. Policies and Practices for Urban Ecosystems

5.5.1. Rio+20 Summit Declaration on 'The Future VW&ant'

In June, 2012, 20 years on from the Rio earth Summndi992, the Rio+20 Summit was held in Brazil.
It was attended by representatives from 191 caemteand concluded with an announcement of
declaration titled 'The Future We Want'. This deatian considered green economy in the context of
sustainable development and poverty eradicatianasof the important tools available for achieving
sustainable development. The declaration also reped the key role that ecosystems play in
maintaining water quantity and quality and recomdaeh supporting actions within respective
national boundaries to protect and sustainably garthese ecosystems. Additional the declaration
recognised that, through the conservation of naturd cultural heritage, well planned and developed
cities can promote economically, socially and emwinentally sustainable societies.

To deliver on the commitments enshrined in the R@eutcome document requires the development
and implementation of key policy methods and besttres for the management and sustainable use
of low-carbon resource efficient urban ecosysteha tan contribute to the green economy by
minimizing environmental degradation and ecologesource depletion and at the same time
enhancing human welfare and social equality.

5.5.2. Policy Instruments and Practices for Urbarcésystems

Despite the substantial science-base, renewedsHor needed to reverse the impact of urbanization
on hydrological processes and functions and ecesyservices, and to ensure that the efficient and
sustainable use of natural resources is based l@tidqioather than reductionist approaches (Munda,
2006). A range of policy instruments exist to faate this challenge (Turner & Daily, 2008). The
policy instruments available for urban ecosystemseovation, and sustainable and efficient use can
be categorized as regulatory (i.e. command-and-@@ntapproaches, economic instruments,
information and capacity building, as shown in Eabl7.

Regulatory Approaches

The objective of the “Strategic plan for Biodiveys2011-2020 and the Aichi Targets” is to address
the underlying causes of biodiversity loss by maé@ming biodiversity across government and
society. Target 2 states that: “By 2020, at thediatbiodiversity values have been integrated into
national and local development and poverty reductivategies and planning processes and are being
incorporated into national accounting, as appreg@riand reporting systems.” Within cities, these
objectives are commonly integrated within regubatapproaches for urban ecosystem protection and
management. A cornerstone of urban ecosystem @elésid strategies is the development of planning
tools and the enforcement of regulations. Soméefeégulatory approaches are reviewed below.
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Table 5.7.Policy instruments for urban ecosystem conservatiod sustainable and efficient use.

Regulatory

(Command-and- Economic Approaches K\formatfn Sharing gapacnyh Building
Control) Approaches pproaches pproaches
* Low impact ¢ Biodiversity offset / « Urban knowledge ¢« Green governance
development / SUDS  bio- banking sharing platform * Public-private
* Nonetloss policy e« Urban CDM * Corporate partnership (PPP)
e Design standards fore Payments and Environmental e Training program
green infrastructure subsidies for accounting
* Vulnerability ecosystem services
assessment » Carbon banking
» Spatial planning system
(e.g. ecological » Soil Security
corridor) « Taxes and fines to
Planning tools and curb undesirable
regulations (e.g.  behaviors
Indices for city
sustainability;
» Establishment of

protected areas(PAs);

Low Impact DevelopmeniLID) is a widely adapted regulatory instrument farban ecosystem
management (Dietz, 2007). It includes elements sgdbioretention, permeable paving and vegetated
swales. LID utilizes innovative stormwater manageingrinciples that are modeled after nature
through the management of rainfall at source usimfgormly distributed decentralized micro-scale
controls (U.S. EPA, 2000b). The elements within ldBo reflect approaches to Sustainable Urban
Drainage Systems (SUDS) developed in the Unitedgtkam (Scholz, 2006) and Water-Sensitive
Urban Design (WSUD), a term used in Australia (W®&@06).

An advantage of LID techniques is that they empeaiie control or at least minimization of changes
to the local hydrologic cycle or regime. Regulatoe use LID to address a wide range of wet
weather flow issues, including combined sewer doers (CSOs), national pollutant discharge
elimination system permits, total maximum daily do@MDL) permits, nonpoint source program
goals, and other water quality standards. LocainReng agencies can use LID as a model in revising
local zoning and subdivision regulations in favdr more cost-effective, ecologically sound
development practices. Developers can achieveeagreabject success and cost savings through the
intelligent use of LID, and designers can apphsthtechniques for innovative, educational, and more
aesthetically pleasing sites. LID’s long-term sw@sceften has much more to do with the knowledge,
skills, and creativity or the site designers thamtthe property owner does or does not do (Dietz,
2007).

Design standards for green infrastructunave been widely adopted as a regulatory instrorfoen
urban ecosystem development and management (Amd?leaning Association, 2006). For instance,
in mid-2001, the British Town & Country Plannings&iation (TCPA) published “A Programme for
Sustainable Communities” calling for the positivarming and delivery of a great number of homes
to higher standards in sustainable social cities ‘sustainable communities’. This demand enhanced
levels of “biodiversity, renewable energy and egezfficiency”, it set out a vision, which “...above
all, sees our communities as integrated with thierahenvironment rather than set against it” (TCPA
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2004). The aim of the guide is to provide guidamce how to maximize the opportunities for

biodiversity in the planning and design of susthleacommunities. It takes the user through the
design process, presenting a toolkit of best pradtat can be tailored according to the scaldef t

development opportunity. The guide for sustainat@enmunities reviews UK case studies, which
have been paired with international examples, amvigles useful lessons for the improved
management of biodiversity and hydrological cyeléin the context of green infrastructure.

A cornerstone of most national and local ecosysteamagement policies and strategies is the
establishment of protected arefBAs) (Hansen & DeFries, 2007). Protected areasatso be an
integral component of local green infrastructuresigning networks of PAs connected by ecological
corridors is also important for restoring, maintagnor enhancing ecological coherence, the natural
adaptive capacity of ecosystems and their rolbeénhiydrological cycle. This is particularly imparta

in urban areas where PAs are often small and \aitter In establishing and managing PAs, local
governments should ensure that the legal and casyorrights of indigenous people, local
communities, and other stakeholders are fully retggk and consider the important role local and
indigenous communities can play in the managemeRtAs and as a source of local and traditional
knowledge (OECD, 2012).

Economic Approaches

Biodiversity offsets and payments for ecosysterwises (PES) are two of the more commonly used
economic instruments for managing biodiversity andsystem services. Innovative carbon financing
approach includes urban CDM and carbon bankingesyst

Biodiversity offsettingr bio-bankingis increasingly being used as an economic instnairite urban
ecosystem management. Offsets are conservatiowvitiasti designed to deliver measurable
biodiversity benefits to compensate for residuadsés caused by project development, after
appropriate prevention and mitigation measures Hasen undertaken. Biodiversity offsets can
operate in either a regulatory or voluntary framgw@Gardner, et al., 2012). Australia, Brazil,
Canada, China, France, Mexico and South Africa, rgmothers, have developed guidelines or
incorporated biodiversity offsets into their legahmework, while several industry leaders have
voluntary incorporated offset policies into theworporate strategy. These include Rio Tinto, BHP
Billiton, Anglo Platinum, and Shell (OECD, 2012).

Some governments have introduced incentive meamanie encourage or require mitigation and
compensation for adverse impacts. Whilst the lamgit implication of market-driven policies
remains uncertain (Robertson, 2006), in some casew, markets for ecosystem services or
biodiversity ‘credits’ have been established, inachithe private sector may be both significant baye
and sellers, due to their role as land managemsedisas their responsibility for land disturbance.
Wetland mitigation banking in the United States was of the first such systems to be established; i
has accumulated considerable experience and has refieed over time. Under this scheme,
developers are obliged to compensate for damagetiands, either directly or by purchasing credits
from third parties, based on the restoration oflavels in the state watershed. Although the approach
is still evolving, the market for US wetland creditcurrently estimated to be worth between US$ 1.1
and 1.8 billion annually. Although the approaclstiid evolving, the market for US wetland credit is
currently estimated to be worth between US$ 1.11a8dillion annually (TEEB, 2010).

Several Australian states have introduced simdaesies, whereby disturbance of native vegetation
and impacts on species habitats may be compenbgitad appropriate offset, generated by active
conservation or restoration projects. Examplesuiielthe Biobanking scheme introduced in New
South Wales in 2008; and the Bushbroker SchemaatoNa, which has so far facilitated more than
AUS$ 4 million in trades.

Given that cities are responsible for 60 to 80%global energy usageirban clean development
mechanisms (CDMare a vital yet still evolving innovative approachachieving sustainability and
stemming environmental degradation. There is therial for CDM to provide additional funding
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and investment sources which could facilitate tlaetigipation of cities in international carbon

markets (UNEP, 2012). Urban CDM is a mechanism wigiwves financial incentives and provides
Certified Emission Reductions (CERs) as much asuamof emission reduction at the city-scale
compared with baseline emissions or business-aa-asuhe city level (Kim, 2012). The CERs can
then be traded and sold and used by industrialipedtries to meet their emissions reductions target
and defined under the Kyoto Protocol.

A general lack of financial incentives for citieseduce greenhouse gas (GHG) emissions has been
identified by several organizations (UNEP, 2012) f&, existing carbon finance mechanisms such as
CDM do not target local authorities specificallyorFexample, only a small number of examples of
CDM projects that could be labeled “Urban CDM” (i®&DM projects that have a city-wide approach

in one or several sectors with multi-planning disiens) have been identified so far. Such a carbon
financing mechanism at local level could providess incentive for city authorities to manage urban
ecosystems in a carbon smart manner among citiparticular in developing countries. The water-
biodiversity-carbon nexus within cities could pr&ian essential element of future urban CDM
schemes.

Payments for Ecosystem Servi¢BES) are a rapidly emerging instrument used daage the loss or
enhance the provision of ecosystem services. Thegefined as “a voluntary, conditional agreement
between at least one ‘seller’ and one ‘buyer’ averell-defined environmental service - or a lane us
presumed to produce that service” (Wunder, 2005).

For instance, downstream hydroelectric utilitieattbse clean water as an input to production pay
upstream forest managers to ensure a sustainaie df this service. Numerous examples are
appearing including the Tasmanian Forest Consenvaiund programme in Australia, and the
Sumberjaya Watershed programme in Indonesia.ln chgater system in Han river in the capital
area of the Republic of Korea, burden charges aiet Ipy residents living around the downstream in
order to compensate for financial disadvantageserhby the restriction of land in upstream regions
(World Water Assessment Programme, 2009).

PES can be potentially much more cost-effectiven tliradirect payments or other regulatory
approaches used for environmental objectives. &singly the relationship between cities and the
surrounding rural landscape is providing opportasifor the development of rural employment and
income through the sustainable supply of goods sewdices for cities through PES schemes
(Gutman, 2007).

Carbon Banking Systemiseat sequestered carbon in the same way that ban#ésfinancial
institutions consider capital whereby carbon ‘déeos in ecosystems is exchanged for an annual
payment and those that need carbon offsets canvibdrom the carbon bank. Carbon banking is one
of the representative environmental policies of Ggya Metropolitan City in the Republic of Korea,
and is being considered widely as a component imcarbon green cities. The example from
Gwangju Metropolitan City is the first case of dn@te response model among Korean local
governments for which a local government, a loeaiky and citizens work together (Kim, 2012).

The carbon banking system targets the GHG emissiotiee household sector. In Gwangju’s case,
47% of CQ emissions are generated by households and the eaansectors. This system is
therefore introduced as governance in order to batluce GHG emissions in the household sector
and raise awareness amongst citizens. The amo@®afeduced by each household is calculated by
a local bank, and then granted back to homes &®mrgroints that can be used as cash. As of July
2012, 270,000 households have joined this actisifice its initiation in 2008. In 2010, 145,000
households have succeeded in saving energy theivedc2.694 million points which is equivalent to
a reduction in GHG emissions of 20,550 tons.

In order to take root of this system Gwangju city focusing on the civil education. ‘Carbon
Coordinators’ visit households for a consultatiam the energy use and promote carbon banking
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system. ‘Green Home Designers’ are also trainedivte citizens directions how to reduce GHG
emission at home.

Information Sharing Approaches

Numerous fora and platforms exist at a range ofesctb enhance the promotion Khowledge
Sharing ApproachedVhile international agreements such as the Cdroreon International Trade in
Endangered Species and the Convention on BioloBis@rsity are negotiated at the global level, the
input of cities is highly important in ensuring ilamentation at the local, national, and regional
levels.

The Intergovernmental Panel on Biodiversity and dgstem Services (IPBES) is the interface
between the scientific community and policy maketich has the knowledge generation catalyst
function for biodiversity and ecosystem servicesa Imeeting of scientific organizations interested
IPBES convened by ICSU and hosted by UNESCO, [atits recommended that the word
“Knowledge” be used throughout, rather than “séfentnformation”, since knowledge is a more
inclusive notion, including scientific knowledge agll as other forms of knowledge such as local,
traditional, and indigenous knowledge (ICSU-USG&L D). As the recognized global mechanism for
pooling knowledge on biodiversity and ecosystenvises, IPBES has an important role to play in
ensuring urban issues and relationships are udersind reported.

Initiated by the World Bank, the Urbanization Knewfje Partnership (UrbanKnowledge.org) is a
global knowledge partnership that provides locdharities with a platform to put the world’s best
knowledge and data in the hands of policy makedspmactitioners, in order to harness urban growth
for better development outcomes. Their four thematillars include economic: rural-to-urban
transition, social: social inclusion and mobilitgnvironmental: sustainable urban growth, and
governance: creating accountable cities and towns.

Cities can also take advantage of the wealth afrmétion on biological biodiversity collected by
information networks such as the Global Biodivgrditformation Facility (GBIF). The GBIF was
established in 2001 to encourage free and operssatoebiodiversity data through the internet. The
GBIF suggests that by the end of 2016, it shoukkhdemonstrated an unquestionable rationale for
‘Biodiversity Information Facilities’ becoming a peanent infrastructure in every country and
region. Both science and society stand to benefdrraously from a fully operation ‘Global
Biodiversity Information’ accessible to all (GloBilodiversity Information Facility, 2011).

Capacity Building Approaches

Numerous organizations, both intergovernmentalramdgovernmental, provide technical support on
biodiversity. UNEP’s World Conservation Monitorit@entre(UNEP-WCMC) can provide expertise,
tools, techniques and information, and works taldi&h networks to promote conservation and
information exchange. The IPBES will also provideiaterface between the scientific community
and policy makers. One of the four main functiofishe IPBES will be to prioritize key capacity-
building needs to improve the science-policy iraee.

5.6 Future management opportunities

5.6.1 The reality check

There are, undoubtedly, practical reasons why atgrany things cannot be done within cities. But
values are shifting in the face of impending neeats] needs are a powerful agent for change.
Increasing consciousness of biodiversity, water anchanging climate will undoubtedly modify
views on long-term versus short term urban ecosystanagement (Alberti, 2010).

There are needs and opportunities for improved gemant of ecosystems or natural infrastructure
to support sustainable water security for citiesuding:

i. Institutional and governance needs;
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ii. Policy, regulation, and legal issues;

Iii. Cities and urban authorities as a source of fimaneind other incentives for ecosystem
conservation and/or restoration;

iv. Cities as generators of ideas and solutions.

Institutional and governance needs

In many societies, the engineering works in citiage been undertaken for and at the command of a
ruling elite (Douglas, 1983). Even in democratigalbverned cities, the engineering agencies can
become powerful, dominant lobbies in local commasijtable to argue the case for more expenditure
on engineering works, such as larger water supeserwvoirs, bigger urban free-ways, or more
elaborate power generating and supply systemsydimgd nuclear power stations. Thus, while cities
look to engineers to provide the essential urbamices and to monitor and control pollution, some
engineering agencies have probably pushed engmgesaolutions, such as structural flood control
measures and river channelization, to the exclusiather alternatives for natural infrastructure.

There are needs for considerations over who wirs vaimo loses from the effects of basic urban
service provision or environmental improvement. filé layers of governments and a wide range of
public and private stakeholder experts should bridted to build buy-in and crucial partnerships for
coordinated biodiversity strategies. The privatet@ein these interactions should be taken into
account.

Poalicy, regulation and legal issues

Policy, regulation and legislation affect the locat design and management of natural infrastrectur
in cities. Thus, there are needs for mandatory aggmpres for natural infrastructure provision and
access to similar funding sources (Benedict & Mcitg2002).

Cities and urban authorities as a source of finagcand other incentives for ecosystem conservation
and/or restoration

Cities and urban authorities can play an impontaiet to help stimulate the emergence of biodiversit
markets and the adoption of market mechanismsidaliversity conservation as a source of financing
and other incentives for ecosystem conservatiorfoarrdstoration (Grimm, et al., 2008). Effective
financial response to biodiversity loss and ecaaldegradation for critical natural infrastructure
involves subsidies to ecosystem services whichraaease economic efficiency and reduce the fiscal
pressure confronting governments.

Cities as generators of ideas and solutions

Cities are commonly a nation’s generator of innimvaeind ideas (Marceau, 2008). Cities also lend
themselves to the development and implementatiguiasfeering work by experts and civil society.
Areas that can be addressed by experts in theefutctude regular updates on biodiversity change
projections, improved mapping and geographical ,datad periodic assessments of biodiversity
impacts to inform a broad spectrum of urban ecesygiolicies and programmes. To create practical
solutions for these ideas, innovative urban bioditye strategies can be prepared. Pioneering work
undertaken in South Korea represents one of thiatiues resulting greater awareness of biodiversit
and ecosystem services and the need for accuietgifc information. The pilot work in Korea led
to an experimental UN-Habitat Sustainable CitiesgPamme for creating eco-cities from 1999 to
2001 including “Biodiversity: The Hanam StrategiKirf, 2000).

Using Hanam City as a pilot study, the strategyecett both urban area and agricultural areas and
had the following four extensive objectives which being mainstreamed in cities across the world:

1) Identify, protect and improve existing sites that tihe targets of biodiversity interests;

2) Encourage the creation of new areas for biodiwersinservation;

3) Promote the sustainable use of biodiversity;

4) Allow every class of a local community to partidgan biodiversity conservation and
sustainable use.
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These sentiments were captured and expanded iShheghai Declaration on Better Cities, Better
Life promulgated in 2010 which stated that “tacglihe challenges of urban development, innovation
offers solutions and the concept of ‘Cities of Hanyl embodies our dreams”. One of the key tenets
of the Shanghai Declaration was that the role tegias generators of technical and scientific
innovation should be promoted as a path to urbaeldpment. The pursuit of such as approach sees
the role of biodiversity and the urban ecologigalieonment as an asset that needs to be integrated
into urban planning and administration in ordeatcelerate the delivery of sustainable development.

5.7 Policy recommendations

Even in highly modified urban environments, biodsry can still play a crucial role in modifyingeh
hydrological cycle. Common, local and non-iconieaps and novel ecosystems can be important
providers of ecosystem services, and the regulatidine hydrological cycle in cities.

Urban planners and managers need to promote eeosy&rvices and resilience to deliver multiple
benefits. Recommendations arising from the urbarsyetem work include a broad range of policy-
relevant suggestions, some focused on criticak#tfucture and some focused on broader-scale
actions.

and urban planning to enhance synergies and préxaafg-offs. For example, energy

saving spatial planning provides greater beneditbibdiversity and ecosystem services
than others. Biodiversity loss and ecosystem degi@u have other impacts, including

on climate change, water quantity and quality, haothan health. Understanding these
inter-linkages and interactions can help policy erakdentify potential policy synergies

and trade-offs, and thus enable more co-ordinatddstrategic decision making. (OECD,

2012)

il. Incorporate hazard mitigation in the overall planghprocess to reduce environmental
hazards in the city. The embedding of hazard ntibgainto the planning process is
going to vary from country to country, dependingpmiitical structures and social and
cultural traditions. (Douglas, 1983).

iii. Assets impacts on the urban system in monetarystarith a common yard-stick, cash.
The economic value of ecosystem services providesttar basis for linking ecosystems
to growth objectives and will be used by the logalrernment to direct policy in the
future.

iv. Conduct a review of standard and codes to evathaie revision to meet hydrological
challenges and biodiversity loss, or the develogneémew codes and regulations that
increase the city’s resilience to climate changevdlop design standards, specifications,
and regulations that take biodiversity and ecosystervice change into account, and
hence are prospective in nature rather than retotise.

V. Establish a biodiversity and ecosystem monitoringgmam to track and analyze key
pressure factors, state, impact and response (P&td)evolving-knowledge indicators
in cities, as well as to study relevant advancass$earch on related topics. This involves
creating a city-wide network of monitoring systemusd organizations and indicator
database for analysis.
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CHAPTER 6 Managing Natural Infrastructure for Enhanced Water
Security in Agriculture

6.1 Introduction

The general circulation of the moisture-laiden apitere is drive by temperature and pressure
gradients, powered by solar energy, and modifiedhieyland-sea-topographic configurations on the
earth’s surface. The amount of precipitation asdsé@asonal distribution, along with the temperature
regime at any location on the earth’s surface dareated by the earth’s tilted annual orbit arotimel
sun and by the daily rotation on its own axis. @mueently, there are uneven distributions of
resources of weather and climate, soil and terraater, and biodiversity across the whole globe.
These resulting biophysical resources, and thaiall@and global interactions in space and time,
constitute the global natural infrastructure thats hevolved over geological time. The natural
infrastructure comprises ecosystems or biomes (ME®Q5) that are life-sustaining and offer
ecosystem services to humankind who depend on tbertheir survival and well-being. Human
societies utilise the resources and services affdrg ecosystems within the global natural
infrastructure to meet human needs, including foodf water, energy, and for socio-cultural,
economic and environmental service developmenthdnprocess the natural infrastructure is altered
and managed to meet desired goals, as has beeanrapgver since humankind has been living on
the earth. Given the fact that what passes foumadithas already had some man-made interventions
and modifications, these changes are acceleratiitl anthropogenic climate change. The
Millennium Ecosystem Assessment (MEA, 2005) showred some two-thirds of our ecosystems are
already moderately to severely degraded, and thiedge for the future is to find ways to manage
them optimally and sustainably to meet human neeududing their rehabilitation or further
purposeful evolution where necessary and possible.

Water security for sustaining food and nutritioncigdty is important at all levels of human
organization, from households to villages and matitm international and global levels. Additionally
water security for maintaining agricultural prodoot of industrial raw materials for economic
purposes needs to be taken into account when amgpes®rall national water security. Thus water
security concerns more than just food. There armws significant and competing non-agricultural
water uses that figure into any assessment of vgawirity as non-agricultural water uses are needed
to generate employment and income.

Over the past 50 years, agriculture has met thiellyapsing demand for food and raw material for
industries, but this has come at a high cost toettronment and quality of life. For example,
agriculture which is the major user of water isoails single largest polluter of water supplies, in
addition to contributing to soil and atmospheridlygmon Along with growing water scarcity due to
over-use and increasing competition, greater uaicgyt stemming from climate change, and
decreasing per capita availability of water dueiseng population and increasing demand, there is
widespread concern in the international communitthe need to ensure a more sustainable use and
management of water resources and the naturakinfdure that is a the source of water. However,
there is not enough serious action in terms ofcagtiral land use at the national and international
level to match this concern for water resourcet ljoantity and quality.

Land is an integral part of the larger naturalasfructure within which the water cycle is embedded
Globally, the water cycle and the nested regiosiah-regional and local water cycles within it are
‘powered’ by solar and gravitational energy. Thdéaspowered components of the water cycle
involve the evaporation of water from the sea, finland water bodies and other wetlands, and from
land and vegetation surfaces. The evaporated waf@ur eventually returns to the earth’s surface
from the atmosphere, due to cooling and condensdtiadhe form of precipitation, and this feedsint
the landscape-level hydrological processes ocaurfivithin watersheds. The gravity-powered
components of the water cycle involve infiltratioanoff, water retention in the soil, deeper drgma
and groundwater and stream flow (Figure 6.1). Balar- and gravity-powered components of the
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water cycle are affected by the way that land exdusnd managed and by the physical, hydrological,
biological and chemical properties of soil systeansl their physiographic position in the natural
infrastructure such as the watershed.

— Crusting

Compaction

Porosity

Aggregate stability
Hydraulic conductivity

Infiltration rate
| Runoff —— .
Water retention at 5urface

—— Soil cover

—— Energy load

— Top soil humidity
—— Top soil temperature

— Infiltration

Soil water —1— Evaporation —

——— Crop (type, WUE)

— Transpiration —
P L Weeds

— Porosity (size, type)
——— Effective soil/rooting depth
—— Soil organic matter

| Soil retention/ |
Deep drainage

Figure 6.1Processes and parameters affecting soil water

Agro-ecosystems are part of the natural infrastinecthat humankind has developed by altering
certain components of the natural ecosystems ssiolegetation cover, soil health and productive
capacity, water availability in the case of irriggtproduction, for the purposes of agricultural
production of food and industrial raw material. ©¥he past two to three millennia, where-ever
humankind has altered the natural infrastructureafyriculture, degradation of the natural resource
base has ensued, and has invariably led to ara$® iproductive capacity of the land, often legdin
to desertification and abandonment (Montgomery,7200'he extent and form of agriculture that can
be practiced across the world depend on the disimiv of water availability and productive soils.
However, the type of agriculture or other formslaxfid and soil management practiced has a direct
and significant impact on the short- and longemtexater balances and on the real-time water
regimes of farming, forest and pastoral locationsvell as physiographic areas such watersheds and
whole river basins, some transcending national baties.

In general, the natural infrastructure globallydisclining in quantity and quality due to human
activity, and instead of investing in enhancingoit at least ensuring that it is not depleted or
depreciated, the opposite seems to be the caslee loase of agriculture land use, integrating water
with soil, land and vegetation (including crops)land cover management involves both the water
cycle and the soil system. Solar energy and graaigy two forces, one exogenous and the other
endogenous, that power the two physical 'legs'haf matural infrastructure. There is a third,
biophysical 'leg' -- the microorganisms and theeotbiodiversity in the soil' — that affect/mediataw

the land/soil and water resources interact andtiiome- some of the energy that serves this thigdde
simply recycling of biomass, with decomposition angtake of the elements/nutrients: but
management such as soil cover and aeration, oringue@here water balance is in deficit, will make
this a more effective physical/biological (i.e.pphysical) system, one which provides environmental
services for agriculture and non-agricultural pretcan and human needs.
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Subterranean aquifers as part of the natural imfretsire serve as water storage facilities for
humankind everywhere, and the groundwater they boildes from: (i) precipitation water that has
infiltrated into the soil and reaching the aquifémsough deep drainage beyond the vegetation root
zone, and from (ii) lateral gravitational flow ofagindwater. The inflow or recharge of the aquifers
depends on the characteristics of the soil andj¢éimdogy. These underground water resources play a
key role in water security in terms of quantity aquiality including for domestic water security
especially around large cities (IUCN, 2011) wheitexr quality must be of acceptable standard for
domestic use.

Mountainous regions also serve as water storagjiézcin the form of ‘water towers' in the fornh o
glaciers and snow, and surface and groundwatera flarge proportion of the earth’s population,
particularly for people located in the downstreamd and semi-arid regions. Populations that live in
the riparian and floodplain areas and rely on tlfeimainous regions for their water supply must
ensure that upstream uses of natural resourcagdingl water do not reduce the water security, both
in quantity and quality, of the populations lividgwnstream and in the floodplains. With respect to
the above water cycling, the sealing of land aread)ding agricultural land with a reduced capgacit
of deep infiltration and recharge of the aquifdraman intervention can also disrupts the water
cycles. But with correct management, this can bestablished and managed landscapes can come
again close to natural environments, with a feeztkdaop to water cycles. Mountainous regions
capture moisture and, by forcing moist air to adcenhigher cooler altitudes, create precipitation.
Yet, if the mountainous areas themselves are demyatthe precipitation cannot be maintained and is
running off the mountains, resulting in flash flsodownstream. The same situation appears in
floodplains: if they cannot absorb the waters atwtesthem underground, they become flooded
without a longer-term contribution of the waterlifecycles. Besides the creation of precipitation,
caused by mountains and also by forest areas dilne thigh transpiration rates, it is very important
for ‘water generating’ landscapes to have a capaaitapture and store the water in the ecosystem,
preferably underground.

Water resource management requirements for meetatgr security needs at the national and
regional levels depend on an array of domestic @wd, agricultural, economic, industrial and
environmental activities and demands. This makdemwasources and water resource management to
meet multi-purpose objectives a complex challemfjeenced by climate, vegetation cover, land use,
and the competing demands for water which in tuspetdd on the social, economic and
environmental factors.

Approximately 62% of the water falling on land ither stored within or evaporated from the soil and
plants (Hartmann, 1994). Of the water stored ad,|]25% is stored in the vadose and saturated zones
of the sail, while a share of 74% is still retairadylaciers (Bockheim and Gennadiyev, 2010). These
figures clearly indicate the importance of soil erdfior the Earth's land—water—energy balance and a
possible positive feedback as the climate warntserfuture (Kosteet al, 2004; Huntington, 2006).

Water cycling is essential for all living organisansd for the planet, and is considered as a suppgort
ecosystem service (MEA, 2005). Water security iggplan organised ability and capacity of the
society to meet its desired needs for water andetlud nature. Fresh water is therefore an essential
provisioning ecosystem service from land, of whioé society makes multiple, and often competing,
uses including for domestic, agricultural, industepergy generation, and environmental purposes.
Agriculture currently accounts for 70% of all liguivater withdrawn from aquifers, streams and
rivers, and lakes and dams. This ‘blue’ water resmis used for irrigated agriculture which prodiice
some 40% of global food needs. The rest of the fmydes from rainfed agriculture based on ‘green’
water that is stored as moisture in the soil (Fathkark and Rockstorm, 2006).

Precipitation is partitioned into metaphorical biuater resource which is accumulated in volumes on
the surface or below ground in aquifers, wetlamqmmds, lakes, reservoirs and dams that can be
exploited as source for gravity or pumped irrigat@r other uses. This is distinguished from green
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water resource which refers to water absorbed dnstored in the soil in the unsaturated soil moestu
zone or vegetation, which can be utilized by plaatsl other organisms through ecobiological
processes. Green water flows from terrestrial besraroducing systems (crops, forests, grasslands
and savannas) and blue water flows in rivers, tiinowetlands and base flow from groundwater
(Figure 6.1).

Both blue and green water are integral and compi¢ang parts of the water cycle in which blue

water is used for irrigated agriculture where itdmes green water in the soil before being used
productively for biomass production through transon. In rainfed agriculture, green water in the

soil comes from precipitation, and is used for gs1growth through transpiration. In both rainfed
and irrigated agriculture, there is a non-prodwctiwater use of green water which is water
evaporation from the soil. Thus, the way the langlec is managed, and the way soil and water
resources are used for agriculture has an impattewater balance and water resource flows in the
water cycle, as well as on water use efficiencytewgroductivity and water-related ecosystem

services including the quality and quantity of watssources.

The section above has outlined how the water agaenbedded in the natural infrastructure, and how
agriculture within the natural infrastructure reltto the water cycle. Section 6.2 discusses how
agricultural land use can cause the degradati@oitsf and water-related ecosystem services. Section
6.3 elaborates on how agricultural practices cécathe soil water balance and its componentss Thi
is followed in Section 6.4 with examples of how eratelated ecosystem services can be mobilised
from agricultural land. Section 6.5 deals with iab@and economic value of water services to
agriculture and beyond, including the interactitmetween carbon and water cycles (Section 6.6).
Section 6.7 examines the global and regional patisyes, followed the identification of options for
improved management and effective development i@ed.8). Section 6.9 deals with policy
recommendations, and Section 6.10 with knowledgs.ga

6.2. Extent of agricultural systems and the degradation of soils and water-
related ecosystem services

All agricultural land or agro-ecosystems have bdenved originally from natural ecosystems in
humid, sub-humid, or semi-arid environments in ttogpics, sub-tropics and temperate climates. In
ecosystems that are unsuitable for conversion ap production, permanent rangeland systems of
various types exist, including pastoral or nomagpes for animal production. In forest ecosystems,
agriculture is normally based on perennial crop$ @m extractive uses of forests and trees. In arid
and semi-arid regions where blue water resourcesaarilable for agriculture, irrigated agro-
ecosystems are a common occurrence. Otherwiseuligre relies mainly on green water for its
rainfed production. Both rainfed and irrigated aglture are altered ecosystems in which the water
fluxes over a landscape or watershed can be affdgtexgricultural practices and these in turn affec
the performance of crops as well as the water ressuavailable for irrigated agriculture and other
uses.

In natural ecosystems in which the soil has vegetatover and the soils are biologically diversd an
healthy, with high organic content and biota (imdhg plant roots), and good porosity and structare
allow deep drainage, we find maximum infiltrationdasoil moisture storage in the root zone are
‘normal’, and the water cycle manifests minimumface run-off. However, most soils in all agro-
ecosystems today are to some extent degraded in phgsical, chemical, biological, and
hydrological properties compared with their undised natural state. Given the multi-dimensional
nature of soil systems, degradation is not a bigancept, but a matter of degree along the difteren
dimensions, with functional consequences.

The main reason for this is the practice of medwrtillage over many years, either with traditibna
implements such as the hoe or the ancient aninaalrtdwooden ‘ard’ plough, or with modern tillage
equipment such as disc, chisel and mouldboard pkubhe main consequence of mechanical tillage
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combined with a lack of organic input has beenaase most agricultural soils today have low levels
of organic matter with poor soil aggregate struetand low soil biodiversity. This leads in
consequence to a disruption of the continuous rpares in the soil, for example that result from
earthworm activity or root channels. These servdragage channels particularly beyond the tilled
horizon into the subsoil. Tillage also leads tovpukation of the soil aggregates on the surface,
which contributes to soil crusting and sealing thmpeding infiltration even further as illustrated
Figure 6.2 (Thierfeldeet al, 2005).
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Figure 6.2. Infiltration rate in mm H measured with a rainfall simulator in different G#d one
conventionally tilled treatment at Henderson Redeaftation, Zimbabwe (A), Monze, Farmer
Training Centre (B), Chitedze Research Stationgi@) Sussundenga Research Station (D), January
2010 (Thierfelder, 2011, unpublished data).

Put simply, soil tillage and experiences with ie an fact a demonstration in practice of how the
“natural infrastructure” of soils/land cover is dipted — with subsequent loss of functions. In othe
words tillage, lack of soil cover and organic mated biodiversity demonstrates the importance of
natural infrastructure whose normal functions beeapparent through their loss when the field is
disturbed by tillage every crop season. On therdfiaad, tillage has a huge societal meaning for
people living on agriculture. In some parts of wherld, and Africa is one of them, the meaning of
tillage and crop production are identical, whichkesthe abandonment of tillage so challenging.

Even the so called ‘normal’ agricultural soils tgdae less water-absorptive and water-retentive tha
previously, and there is widespread water erosimhatendant wind erosion. In the long run, tillage
as a predominant agricultural land use practiceambination with exposed or uncovered soil
surfaces leads to severe degradation and finallgesgertification, as can be observed in agro-

ecosystems in most parts of the world (Olderaeal, 1991; Montgomery, 2007; CA, 2007; FAO,
2011).

Resulting soil erosion as well as leaching of muit$s and pollutants have lead to increased chemical
and biological contamination of ground and surfaeger bodies, as well as sediments, leading to
eutrophication and adverse effects on aquatic feamd flora including their biodiversity. The

situation regarding water security is made evense/dn the arid and semi-arid areas in the tropics,
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sub-tropics and temperate ecosystems where tifiageing combines with negative annual water
balances, short and variable rainy seasons, améagiog soil salinity to degrade soil systems more
rapidly..

6.2.1 Global extents of agricultural systems

The world’s agricultural area has grown by 12% dberpast 50 years to 1,527 M ha of which 1,226
M ha is rainfed and 397 M ha is irrigated. In ttilse, population has grown from 2.5 billion to 6.8
billion, an increase of 172%, Agricultural land mapita in this time has declined from 0.545 ha per
capita to 0.225 ha, a diminution of 60%. The glabddated area has doubled over the same period,
accounting for most of the net increase in culdédatand, but this remains a minority of the area
cultivated. Over the next 40 years, global foothauwill need to increase by 70% to meet demand,
but agricultural area is expected to grow by or®9slat most (FAO, 2009). This refers only to the
potentially available land with some ecologicaltahility for agriculture, without considering naalir
reserves or marginal lands. However, it does nmbfan the loss of productive land occurring a th
same time and therefore the conclusion usualljzas ¢rop land area will not increase in the future,
and over the last 3 years global cropland is agtualecreasing in net terms (see:
www.landcommodities.cojn Thus, what is expected is a more intensive dseater calling for
increased agricultural water use efficiency as aelbreater water productivity (more crop per drop)
along with high land productivity (more vyield peedtare), nutrient productivity, and labour
productivity. In other words, future intensificai of agricultural output must be based on prodycin
‘more from less’ because area expansion will notaheoption in the longer-run nor will be the
increase application of purchased production inplitgrochemicals and energy (FAO 2011).

For the past 100 years, or more, most increasagrioultural output have come from more extensive
production -- mechanized, large-scale operatioas$ #ne high-tillage and soil-health- and water-
cycle-abusive. This needs to be reversed, so liustihg in terms of 'more crop per drop,' or 'more
yield per hectare' misses the point that the ngetbi to be just squeezing more productivity out of
land and water resources with present modes ofuptmoh. This implies that ‘business as usual’
thinking can succeed, doing 'more of the same.'ifripdication we draw from these numbers and
trends is that there needs to be a reversal ircwdgal doctrine and technology, moving from
extensive agriculture to sustainable intensifigatio

This changes the meaning of the term 'intensificgtiwhich has previously referred to or implied
intensification ofexternal inputsparticularly agrochemicals (Reichaedtal, 1998). Here we mean
intensification ofmanagement and of outpuéferring to timing, spacing, complementaritié<mps

and animals, etc. capitalizing on synergies withgimo-ecosystems, within and among species, even
within and among kingdoms of species, taxonomicalhgaking, to achieve the highest possible
output.

Increases in agriculture productivity in the depeld world and in the developing world after the
green revolution has focused to a large extenchemaally induced production increases (e.g., more
fertilizer — more crops). Over time this has lednepative side-effects such as pollution of surface
water (nitrates and phosphates) and salinizatiggraindwater aquifers, particularly in the semdari
areas. The dwindling capacity of soils to storepkssential nutrients puts agriculture productibn
stake. A paradigm shift is therefore necessary hiast to focus more on soil health and fertility
increases instead of just nutrient-induced prodgifgtincreases.

The direction of agricultural development is to makiltivation less, rather than more, dependent on
chemical inputs, given their adverse effects oh @od water quality, and particularly on the soil
biota, whose contribution to agricultural produittivis only beginning to be scientifically understb
(Chiet al, 2005; Rodrigueet al., 2009; Uphoffet al,, 2012)

Agriculture is the largest user and polluter of @vanh rainfed and irrigated agriculture, and itargh
of blue water for irrigated production will decreasurther in the future. It is important that
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agricultural stakeholders all understand the r@aises of soil, water and biodiversity degradation,
and therefore to appreciate and prevent the depadaf the natural infrastructure, in their
agricultural land use. Otherwise, it would be difli to define and to take action on what needs to
change in agriculture practices and landscape neamegt SO as to sustain/restore this ‘natural
infrastructure' and to improve productivity of laand its water-related ecosystem services.

6.2.2 Degradation of natural infrastructure and caes of soil and water degradation

According to the Global Assessment of Human-Indugeill Degradation (GLASOD), all the world’s
agricultural land has been degraded to some degneehalf the land areas degradation has reached
alarming proportion (Oldemaet al, 1991). Degradation of cropland was most extensgivAfrica,

with 65% of cropland areas affected, compared witho in Latin America and 38% in Asia (CA,
2007). Loss of organic matter and physical degradaif soil not only reduces nutrient availability
but has also significant negative effects on: sgdtems’ infiltration and porosity that in turn edt

local and regional water productivity, the resitienof agro-ecosystems, and global carbon cycles
(Vlek et al.,, 2008).

Accelerated on-farm soil erosion leads to subsibnfiield losses and contributes to downstream
sedimentation and the degradation of water bodiemjajor reason of investments in water and
irrigation infrastructure losing capacity fasterath planned. Nutrient depletion and chemical
degradation of soil are primary causes of decrgasiop yields, and cereal crop yields have been
decreasing since the mid-80s (or mid-90s deperwlinigow one calculates this) and they result in low
on-site water productivity and in off-site watedlption. In irrigated areas, secondary salinizatoma
water logging threaten past productivity gains (2807).

Globally, agriculture is the main contributor totlbgoint and non-point-source water pollution.
Water quality problems can often be as severeasethf water availability, but have yet to receage
much attention. Global net outflows of dissolvedrgfanic nitrogen to the oceans have been estimated
at 18,300 tons. The European Nitrogen Assessm@ortrérom 2011 shows the economic cost in
Europe from excess N applications to be 70 to 3H®rb Euros. According to the Millennium
Ecosystem Assessment (MEA 2005) some two-thirdsuofecosystems are degrading, some in the
process of severe degradation. More recently, dewpto FAO (2011), only some 10% of the global
agricultural land is considered to be under imprgvcondition, with the rest suffering from some
degree of degradation, and with 70% being charnaetdias being moderately to highly degraded.

6.3. Effect of agricultural practices on the soil water balance and on its
components within natural infrastructure

It is now evident from international scientific dtes and from observational evidence from farmers'
fields and agricultural landscapes that the tillageculture which pulverises and exposes soils and
destroys soil life and health (that has been predhat the US after WWI, as soon as ‘tractorization’
became possible, and since the end of WWII moreergdly in the North and continues to be
promoted in the South) is unable to deliver theewatlated ecosystem services adequately and has
high negative externalities (Pretty, 2008; Kassam@l., 2009; Wezeét al, 2009; FAO, 2011).

Thus, a fundamental question regarding water dgcfor agriculture is: how to manage the soil-
water-biological resources of the natural infrastinpe to produce more with the same or even lesser
amounts of water (and other production inputs) lalséé from rainfall and irrigation, from surface or
sub-surface sources, and do so with minimum negaternalities? For water, this question is linked
to the possibilities of minimizing at least unprotive on-field water losses, namely run-off, soil
evaporation and deep percolation beyond the rooe.zBrom a water cycle perspective, all these
components are also important to replenish blueawasources. From an agronomist's viewpoint,
reductions of these losses must occur not onlglwese the goal of having higher water productivity
(WP), and water use efficiency (WUE) or, as sugggedty Blum (2009), more efficient water use
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(EWU), but also because run-off losses, if uncdigtp can have other severe and harmful
consequences such as pollution of water with absoricals, pesticides, microorganisms and
sediments.

Considering the limitations on suitable land andewaesources to produce enough commodities for
the future world population, while sustaining otkeepsystem services provided by agriculture, one of
the main strategies to deal with the large tradg-dfetween water uses is improving water

management practices on agricultural lands (Goetaal 2010). This requires a careful look at the

water fluxes described in Figure 6.1 and examinatb the processes and factors that affect soil
water, as this is ultimately the source of greetewtor plant growth and biomass production, and of
all the biological products from agriculture, arldoathe ground water and stream flow which is the
source of blue water for irrigation production, dadmeeting other water needs.

In agriculture, soil management and production fiwas must be such that all the water-related
processes of the soil water balance, such asratiidh, run-off, soil evaporation, transpiratiomjls
water retention, and deep drainage, maintain aufalde soil moisture status for crop production,
without detrimentally altering the water fluxestie hydrological cycle. Figure 6.1 shows that sail
water status is linked to the above-mentioned watecesses and there is a set of factors that can
affect each of the water processes. Of all the ifegroperations, soil tillage, soil mulch cover and
residue management, but also crop and, eventugfigtiion management have a major direct impact
on the water cycle and on water security. Thesaddeessed in this section.

6.3.1 Hydrological functions of “Natural Infrastructure” of soils and land cover as
demonstrated through the impacts of Soil Tillage

The objectives of soil tillage are manifold, ana thnost popular arguments for it include weed
control, soil loosening and decompaction, seeddsegaration, crop residue management. Based on
the processes such as infiltration, runoff, anddp#&ration that affect soil water status, outlined
Figure 6.1, this section reviews the effects ofl ddiage practices, soil cover, and residue
management on these processes and the consequenczsp-available soil water and its use
efficiency.

6.3.1.1 Effects on infiltration and run-off

Tillage practices normally affect infiltration baliaur of soils, and thus run-off, as a consequesfce
the madification of soil properties such as stapibf structural soil aggregates, total and macro-
porosity, hydraulic conductivity, surface crustiaugd compaction, and soil organic matter. Generally,
soil aggregation improves when farmers convert froonventional soil tillage to no-tillage soll
management. As a result, greater pore connectigkgs place, enhancing soil quality and water
transmission properties.

Despite the occasional need for tillage operattorenhance infiltration, limited e.g. by surfacesis

or compacted soil layers (often as result of ligitél cover (Thierfelder and Wall, 2009; Singhal,
2005) or repeated ploughing to a given depth, (Retet al, 2009b; Mary and Changying, 2008;
Sasalet al, 2006; Hamza and Anderson, 2005)), tillage setenfsave only a short-lasting effect on
the improvement of the infiltration rate (Freetel, 1993). In fact, soil disturbance caused byg#la
operations does increase surface roughness, maestyoand initial infiltrability of the soil, buthe
infiltration rate rapidly declines over time as ansequence of aggregate collapse (Guzha 2004).
Although soil roughness effectively retards run-afild increases the time available for infiltration,
warm and dry environments the water that pondsersoil surface quickly evaporates, thus reducing
total infiltration and effective rainfall (Petersand Westfall, 2004).

In terms of water infiltration, several researchd&s have highlighted significant advantages of no
tillage systems over conventional tillage practiflsoto 6.1). Numerous studies from throughout the
world confirm that no-tillage systems promote saggregation accompanied by improved water
infiltration. In Brazil, Calegaréet al, (1998) found a 2.5 times greater infiltratioterander NT when
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compared to conventional tillage, and Stone andef§eh (2010) observed a 2.67 times improved
infiltration rate comparing the same soil managemsgatems. From several rainfall simulator studies
Thierfelder (2011, unpublished data) reports coestgreater steady-state infiltration rates umaber
tillage attributed frequently to the presence awadbibity of surface-connected macropores, but also
higher concentration of larger, water-stable agatesy in the surface layer, and reduced surface
sealing.

Photo 6.1Soil compaction and loss in water infiltration lghicaused by regular soil tillage leads to
impeded drainage and flooding after a thunder siarthe ploughed field (right) and no flooding in
the no-till field (left). Photograph taken in Jud@04 in a plot from a long-term field trial “Obekat”

at Zollikofen close to Berne, Switzerland, started994 by SWISS NO-TILL. The three water filled
“cavities” in the no-till field derive from soil saples taken for “spade tests” prior to the thunder
storm (credit: Wolfgang Sturny).

Macroporosity, understood as the fast drainindibéd porosity (>50 pm), and its geometry plays a
key role for infiltration and redistribution of $evater in depth (Sasat al.,, 2006). Especially surface
connected, vertically oriented biopores as crehtethesofauna, mainly earthworms (Kladivbal,
1986), or by roots after their decomposition cdmité to high infiltration rates (Imho#t al, 2010;
Buczkoet al, 2003; Tebriigge and Abelsova, 1999), even uralertdtal soil porosity or compacted
conditions.

6.3.1.2 Effects on water retention capacity and deep drainage

Plant-available water in a given volume of soil elegis on the amount of mesopores, able to retain
water against gravitational forces and to delivéo roots upon demand (50 um > pore diameter > 0.2
pum). In addition, the soil depth to which roots alde to extract water is equally important as {gan
can compensate for water stress in the upper, demeely rooted soil layers by water uptake from
deeper layers (Teulingt al, 2006). Any kind of soil disturbance, by affegtidirectly or indirectly

the pore size distribution, pore geometry, and aytic properties of soil, influences plant-avaibl
soil water.

Today it is widely recognized that the absenceailf disturbance improves aggregate stability and
promotes SOM accumulation and stabilization (FediearJgaldest al, 2009; da Veigat al, 2008;
Bescansat al, 2006). There further exists a good correlatietwleen soil structural stability, SOM
content and plant-available water (Imheffal, 2010, Abid and Lal, 2009; Sa al, 2009; Mrabett
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al., 2001). Despite a frequently observed reductfaiotal porosity in the surface soil layer under no
till, the total volume of mesopores in the soilrisreased in the absence of soil disturbance. After
years of differentiated tillage (no-till and moldlyd plough) on a Vertisol, Carvalho and Basch
(1995) found lower total and medium-size porositger no-till in the 0-0.1 m soil layer; however in
the layers between 0.1 and 0.3 m, total porosityempecially the pore space retaining plant-avigilab
water were considerably increased (Table 6.1). Wewan the review of Kay and VandenBygaart
(2002) on conservation tillage and depth stratificaof porosity and soil organic matter, the ausho
identified some cases where tillage-induced chamgesesoporosity did not occur. According their
interpretation, only long-term studies are ableptovide consistent information, especially with
regard to changes in SOM and changes in porersizedns.

Table 6.1.Total porosity, pore size distribution, plant aghle water and soil organic matter content
in a vertic Cambisol after 6 years under no-tillTNand conventional tillage (CT) (Carvalho and
Basch 1995)

DEPTH >50pum 50 -10 um 10-0. 2um < 0.2 ym total available = SOM

TILLAGE  cm) ) ) ) o)  porosity (%) water (%) (g kg™
10 3.20 2.22 2.7 38.37 46.52 4.92 2.53

20 0.86 3.91 5.22 36.16 46.15 9.13 2.15

NT 30 1.86 2.63 11.48 29.44 454 14.11 2.25
0-30 1.97 2.92 6.47 34.66 46.02 9.39 2.31

10 15.08 2.34 4.36 29.95 51.73 6.71 1.58

20 2.67 1.32 2.31 39.95 42.25 3.63 1.7

cT 30 1.47 1.56 3.29 35.62 41.94 4.85 1.66
0-30 6.41 1.74 3.32 35.17 45.31 5.06 1.65

Chemical and physical subsoil constraints may lim@iter uptake from deeper soil layers (Dangl,
2010; MacEwaret al, 2010; Nuttall and Armstrong, 2010). Water stomedleeper soil layers can
play a decisive role for crop yields as it is utsdr in the season during grain-filling (Passioanal
Angus, 2010; Kirkegaarcet al, 2007). Deep soil loosening has become a widstdusoil
management practice to overcome physical subsoistcaints, where powerful tractors and sub-
soiling equipment are available (Hamza and Ander2005). Wetter regions and sandy soils are
more likely to benefit from subsoiling than finextigred soils and drier locations (Wong and Asseng,
2007). Even negative results from deep-looseninge wetained in dry years, or when deep drainage
losses occurred (Wong and Asseng, 2007). Furthereffects of deep-loosening are often of short
duration, especially if not accompanied by addaiomeasures, such as the application of subsail
conditioners (i.e., gypsum), installation of prineeops (stabilizing deep-rooting legumes), or reduc
or controlled traffic (Lopez-Fandet al, 2007; Hamza and Anderson, 2005; Hamza and Aadgrs
2003; Yunusa and Newton, 2003).

Deep drainage occurs either when the soil volunowels saturated and the wetting front reaches the
lower limit of the rooting zone, or through prefetial pathways for drainage even if the soil pefd

not saturated. It must be considered an importamtgss to recharge groundwater and to conduct
excess water through the soil profile to deepdrlapérs, thus contributing to reduce surface rtfn-o
However, in dry regions, deep drainage is usu@garded to correspond to a loss in crop available
water (Passioura, 2006).

Tillage may affect deep drainage either throughnigact on rooting depth or on the build-up and
longevity of macropores. The absence of soil distnce preserves biological macropores, earthworm
tubes, former root channels, and voids between soilctural units, thus forming preferential
pathways for rapid and deep percolation (Verhetstl, 2010; Cullum, 2009; Strudlest al., 2008;
Shipitaloet al, 2000; Tebrigge and Diring, 1999). After 18 yesdrao-till and conventional tillage
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on a Vertisol, McGarnet al (2000) found that deep drainage was also enhamoeer NT, besides
taking a longer time to ponding, final infiltratioate, and total infiltration. The withdrawal ofc®ss
water from saturated topsoil through deep draindgmyever, provides a basis for a positive
rebalancing between the consequent increase Itratifin and the reduction in run-off.

6.3.1.3 Effects on soil evaporation

In arid and semi-arid regions, the main unprodectivater loss is caused by direct evaporation,
especially if many, low-intensity rainfall eventegredominant (Lampurlanés and Cantero-Martinez,
2006; Passioura, 2006). During the initial evaporastage, evaporation from a bare soil surface can
be reduced through a coarse or disturbed layem{dch) overlying the wet subsoil. Frequently
however, tillage operations to reduce evaporatmssds are carried out at the end of the initial
evaporation stage with the soil under friable cbads. Soil loosening and exposure further boosts
water losses through faster heating and the foomadf air pockets in which evaporation occurs
(Licht and Al-Kaisi, 2005). Within 24 hours afterimary soil tillage, Moreet al (2006) measured
up to 16 mm of evaporation losses compared withn2 under no-till. After secondary tillage, the
authors still measured differences of up to 3 mmwatier loss between tilled and untilled treatments.
The objective to reduce evaporation through sugiatfiillage operations is therefore the resulaof
balance between short-term evaporation lossesghrthe enhanced drying of the soil layer disturbed
by tillage and possible long-term gains throughitherruption of easy upward capillary movement in
intact continuous pores as it is the case in undist soil.

Evaporation from soil may also be affected by gélahrough an increase in surface roughness by
exposing a greater surface to the overlying atmespland winds, and through a change in soil
surface temperature and albedo. Albeit a highdaserralbedo on a smooth bare soil when compared
to moldboard-ploughed soil or conventional tillagéguntundeet al (2006) found only small
differences in soil moisture content of the surfémeer. However, on swelling and shrinking soils,
evaporation losses may be considerable. Measuviagogation from the cracks near the end of the
sorghum-growing season, Ritchie and Adams (1974piédd losses of 0.6 mm/day with an
additional 15 mm of soil water was lost by evaporabefore the following rains closed the cracks.
Mulching or superficial soil tillage could prevetite formation of cracks or at least obliterate them
after they have begun to form.

6.3.2 Hydrological functions of “Natural Infrastru¢ure” of soils and land cover as
demonstrated through the impacts of soil mulch aresidue management

In natural ecosystems where the amount of raiafldivs the growth of some kind of vegetation, land
surface develops some form of organic cover coragridf plants and their residues after senescence.
This soil cover controls the flux of energy and evaby interacting with components of atmosphere,
hydrosphere, biosphere and pedosphere (Lal, 200@mally, transforming natural environments
into agricultural areas leads to major changearid kcover and a significant change in the pariitign

of water, nutrient, carbon and energy flow. Soiveoand residues directly affect run-off and soil
evaporation and indirectly deep percolation, alth@fm representing unproductive water losses. The
objectives of sustainable soil and soil water manant are to redirect these losses into an increase
of soil water storage and availability to plantaweéver, in certain cases (plain areas or imperneeabl
soil layers) improved infiltration may increase tiek of water logging (Thierfelder and Wall, 2009,
2012).

This section addresses the influence of soil canetuding the application of organic and inorganic
mulching material, cover crops and crop residuesahwater, either through their direct impact on
infiltration/run-off and evaporation, or their imdct effects on soil organic matter content and
mesofauna activity. Additionally, evidence is prasel on how type of soil cover (including cover
crops) and residue characteristics and their manege affect soil water conservation and soil
productivity.
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6.3.2.1 Effects on infiltration and run-off

Soil macroaggregate breakdown is seen as the rmegtor leading to surface pore clogging by
primary particles and microaggregates and thusotmdtion of surface seals or crusts (Lal and
Shukla, 2004). Soil cover prevents this breakdownréducing the kinetic energy with which
raindrops reach the soil surface (Ben-Hur and L&f®8). In addition to the detachment of soil
aggregates through direct raindrop impact and thesipochemical dispersion of clays, slaking is
considered another important process in the diiat®n of aggregates and the consequent seal
formation (Ladcet al, 2004).

The amount of crop residues and their managemenhage a decisive effect on the resilience of
aggregate breakdown and on the processes of padtthchment and slaking. Several authors found
a direct positive relationship between the amouirsttiaw residues and aggregate stability (Jortan
al., 2010, Mulumba and Lal, 2008). Yet, it seems ttrap residues alone are not effective in
improving soil aggregate stability. Comparing difiet residue management systems, including no-
till and tillage with (replacement after) and withaoesidue removal, Wuest (2007) found a significan
improvement of aggregate stability only under mlo-tNaudin et al (2003) also report on the
beneficial effect of the permanent soil cover vdtmulch to prevent the hardening of Alfisols and to
increase their water reserve.

If crop residues are left on the soil surface,rergartially incorporated in the upper soil layleough
mesofauna, not only is the impact of raindrops cedibut also the stream velocity, as the residcies a
as a succession of physical barriers (Verhatsal, 2010, Jinet al, 2009). Residues play a role
similar to that of surface roughness, i.e., indreathe time for infiltration to take place (Blegirand
Frye, 1993), with the difference that their efféasts longer. Therefore, the time lag for run-off
generation is also greater when crop residue isolefthe soil surface (Jordan al, 2010) and the
transmission losses (turning run-off at small s@aie run-off at large scale) decrease with indregs
vegetation or residue cover (Legsal, 2010).

Thus, soil cover and crop residues left at thesailace seem to be effective in improving infiitva

and in reducing surface run-off and soil loss.l$baappears that the amount of residues is closely
related to the degree to which run-off is decreasér three years under different mulching raiés
wheat straw, rainfall simulation measurements tanisities of 65 mm'hprovided clear differences in
surface run-off between mulching rates (Figure @8ydanet al, 2010). In this study, the highest
straw residue rates of 10 and 15 M leere necessary to almost completely avoid run-off.



Report of the expert group on the role of biodiitgris sustaining the water cycle PageB6 of 179

35 -
30 -
= _ -
o 25 4 -
[ ]
£ .
E 20-
@ ()
il
® 15 4
= X
2 10 :
-
[+
5 - L)
)
0 n—pie - P -
0 5 10 15 20 25 30
Time (min)

~0-MRO -+-MR1 -&MR5 -#%MR10 -@-MR15

Figure 632Variation of mean run-off rates under different ofihg rates. MRO=control; MR1=1 Mg
ha' year', MR5=5 Mg ha' year'; MR10=10 Mg h& year'; MR15=15 Mg ha" year'. N=5 for
each mulching rate treatment. Vertical bars indigastandard deviation (Jordan et al. 2010)

A big difference between high and low standingfeste-cut and removed stubble has been found in
regions where the retention of snow is crucial $applying water to the following crop. Sharratt
(2002) reported that taller stubble trapped momwsireduced the depth of frost penetration, and
hastened thawing of the soil profile by at leastdays, when compared to short-stubble or residue
removal. Further, the variability in soil water hecge was closely related to the amount of snow
cover.

6.3.2.2 Effects on evaporation

The processes that govern evaporation from soilvamigh are affected by soil mulch cover and
residue management are the reflection of incidaetgy reducing energy absorption by the surface,
the lowering of wind speed at the soil surface, @#nedstrong reduction of the vapor flux from satoi

the atmosphere.

Soils mulched with crop residues or cover cropseh@duced maximum soil temperature and lower
amplitude (Zhanget al, 2009, da Silvaet al, 2006, Fabrizzet al, 2005), due to their higher solar
reflectivity and lower thermal conductivity (Shimset al, 1994, Hillel 1980). Trevisaet al. (2002)
showed a reduction in soil temperature amplitudevrddo 20 cm depth with oat straw cover
throughout the year compared with soil without straover. In addition, soil evaporation is
negatively correlated to the amount of crop residiedt on the soil surface, irrespectively of the
evaporative demand of the environment (Table G&fdset al, 2006).
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Table 6.2. Total soil evaporation during 21 days (after reagHiield capacity) for two soils under
different types and amounts of residues and difteegaporative demands (adapted from Freitas et al.
2006)

Evaporative demand (mrif)d

Residues (kg Corn Wheat
Soil type Corn Wheat 8 6 3 7 5.2 3
Loamysand O 0 742 820 57.2 59.2 68.0 47.9
Heavy clay 0 0 56.4 742 56.4 547 59.0 46.9
Loamy sand 5000 3500 40.2 28.9 19.0 38.0 284 185
Heavy clay 5000 3500 35,7 301 222 352 320 228
Loamy sand 10000 7000 204 198 186 20.6 20.0 165
Heavy clay 10000 7000 211 181 136 20.3 17.1 13.1

However, residue management effects on evaporat@ir losses may vary with site-specific
conditions. For example, Steiner (1989) found tkatdue thickness (volume) is more important than
mass per unit area for controlling evaporation. démsandy topsoil conditions Waed al. (2009)
observed an increased evaporation in the presenstamding stubble when compared to cut and
removed or slightly buried stems, whereas Kloekal (2009) found a higher evaporation reduction
effect of standing wheat straw compared to flahamsidue. For Silloret al. (2003) and Gill and
Jalota (1996) the efficient break of the unsatutate/draulic conductivity through surface
incorporated residues is a more effective way ttuce evaporation losses than the retention of a
sufficient amount of residues. However, under sclimatic conditions any incorporation of residues
into the soil can boost the decomposition to armxthat the soil organic matter levels are overall
reduced (Sat al 2008), apart from the disruption of the macrogsiracture by the tillage operation.

6.2.3 Effects on soil water through the increasesail organic matter and mesofauna activity

The removal of crop residues through burning orféddder and biofuel purposes is considered to be a
major threat to soil productivity, environmentakdjty, and overall sustainable development (Blanco-
Canqui and Lal, 2009; Hakakt al, 2009; Lal, 2009). Besides giving physical pratec to the
surface soil layer and having an impact on infiltna and evaporation, organic residues enhance the
build-up of soil organic matter and soil fauna tfiwhich contribute to improving soil porositygis
particle aggregation, soil moisture storage, arapdeater infiltration (Lal, 2009; Wuest al, 2005).

The improved pore space is a consequence of tharbédion activities of earthworms and other
macro-organisms and channels left in the soil bgaged plant roots. Studying the effects of
earthworms in Germany, Ernet al (2009) found that the soil water was stronglyeetiéd by the
activity of ecologically different earthworm spexieThe epigeicLumbricus rubellustended to
enhance the storage of soil moisture in the topand the endogeiporrectodea caliginosatrongly
improved water infiltration and hastened the walischarge through the soil. Although the benefits
of increased earthworm populations are mainlylatted to the absence of soil disturbance (2-9 times
more in no-till than under conventional tillage @@h 2001) and relatively less to the amount of
residues retained at the soil surface (Eriksen-Hahal, 2009), Blanco-Canqui and Lal (2607b)
found a strong effect of corn stover removal onrédiction in the number of earthworms.

Soil organic matter promotes soil biological ad¢ieés and processes, resulting in more bacterialevas
products, organic gels, fungal hyphae (polysacdeaji and worm secretions and casts (Weseat,
2005), which improve aggregate stability and pdyosDirectly or indirectly, these organic
compounds are related with water-holding capacitihough it is the total soil organic carbon or
organic matter that is usually considered as aroitapt aggregate indicator in the discussion on
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water-retention pedofunctions (Rawkt al, 2003). Evaluating the efficiency of pedotransfer
functions to estimate water retention in 725 sainples from Rio Grande do Sul State, Brazil,
covering all types of soil textures, Reichettal (2009a) concluded that organic matter must be
included as an independent variable, because ithaddividual positive effect on field capacitydan
plant-available water.

Crop residue incorporation is not the best resichanagement practice because it implies soll
disruption and eliminates the beneficial effectgasfidues retained on the soil surface. Even sa, in
long-term experiment, Singét al (2005) found that rice-straw incorporation wassléetrimental to
soil physical and hydraulic properties than thenkedror removed rice straw. Whereas straw removal
compared to the other residue management systerfermed worst with regard to soil organic
matter and soil aggregation, straw burning ledeiduced water retention due to an increased water
repellency of the soil surfaces.

6.2.4 Influence of the type of soil cover and resé&t and their management on soll water and
crop productivity

As shown in the previous sections, soil cover hadeeaisive effect on soil water dynamics and
contributes to enhance the green water componehpamote water productivity. The possibilities
and the choice of the soil cover and its impactedep besides the main objective behind it (e.d. soi
structure improvement, nitrogen fixation) and thesgible uses for human and/or animal
consumption, on climate, hence length of the grgwé&eason, soil properties, management and
cropping systems (the cover crop grown in assacia chosen according to the main crop, usually
cereal - legume associations), farmer’s investnoaacity and access to market (Wilhednal,
2004) and alternative uses of biomass (most impbrtiae competition for the limited biomass
between mulching and forage production in the cdsategrated crop-livestock production systems
and remunerative crop residues) (Lal, 2009), anathgrs.

In general terms, soil cover can be achieved lpaither using residues from the previous crop or a
cover crop in the crop rotation. As an alternati@ezover crop could be kept alive and controlled
during the main crop cycle (intercrop); this woblel the most efficient alternative but it requiréghh
technical skills. Whereas the use of cover cropsasily restricted to humid or sub-humid regioms, i
semi-arid environments the cover crop can competéme or space, with the main crop and soll
cover through crop residues is the most commondgd usption to improve the use efficiency of the
main limiting factor to crop productivity.

Although in dry areas the short rainy (hence grgyseason may not allow the production of a cover
crop on a yearly basis before, after or duringrttaén crop, it is necessary to produce an important
biomass the preceding year. In such ecologies, ¢apital to use all the available water and benefi
from the high mineralization at the beginning of tlainy season. Early sowing, immediately after the
first useful rain, is made possible by direct segdiechniques when mulch is prepared in the dry
season.

On a very limited scale other materials such astigléilms, gravel or sand, or organic waste prasluc
may be an option for mulching to protect the saill #nhance the green water component. The use
and the effectiveness of these materials have bsmorted mainly from Asian countries, and are
considered an option for reducing soil evaporatinareasing infiltration of rainwater and soil wate
retention (Liuet al,, 2010; Ghoslet al, 2006; Ramakrishnet al., 2006).

In large-scale agriculture and especially underiseid conditions, crop residues including from
cover crops seem to be the only technically-feaséid economically-viable option to cover and
protect the soil, while improving soil water andtarause efficiency. However, studies that relate
long-term residue cover to soil water availabiligd crop productivity under field conditions are
scarce and sometimes inconclusive or contradidi®lgnco-Canquiet al, 2006) as the benefits of
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residue cover in terms of soil fertility and waterailability might be offset by locally or regiohal
relevant problems such as poorly-drained soilssatdoptimal springtime temperatures (Lal, 2008a;
Fabrizziet al, 2005; Ankeret al, 2004), weed and pest problems (Ngvétal, 2012; Manret al,
2002) or soil nitrogen lockup (Gao and Li, 2005).

The problem of competition for residues in cropbtock farming systems is well known (Kassatm
al., 2012, Valbuenat al, 2012), and the increasing demand of residueshifmiuel production
(Grahamet al, 2007; Wilhelmet al, 2004) is also raising concerns regarding exeesmsidue
removal (Lal, 2009). Dabnest al. (2004) alert that the benefits of long-term nbratianagement may
be lost by the excessive removal of crop resid&sdying different percentages of corn stover
removal over two years on three long-term no-tilkétes in Ohio, Blanco-Canqui and Lal (2607b)
found a decrease of plant-available water withitiveease of percent stover removal. However, this
was reflected in higher crop yields only at one,siell drained but erosion-prone. They concluded
that soils with different characteristics might eal/ yields effects if stover removal above a cartai
threshold level was continued over a longer timeoge and further that site-specific determinations
of these threshold levels were urgently needed. édew these thresholds should also be assessed
with regards to other ecosystem services provigecetaining crop residues, such as off-setting CO
emissions and maintaining the overall soil qualitsl, 2005) or facilitating weed management and
hence reducing the use of herbicides.

Cover crops are grown for multiple reasons and th&t may present advantages and disadvantages
as reviewed by Dabnest al (2001). With regard to soil moisture conditions the main crop, the
benefits may derive from higher water infiltratidass evaporation losses through increased residue
cover, increase in soil organic carbon, improvetigoy/sical properties (Let al, 2000), or removal

of excess water from a wet soil to allow timelyaddishment of the next crop (Unger and Vigil,
1998). However, the reduction of soil moisturehis iain reason why cover crops are more suited to
sub-humid and humid regions, unless irrigation imilable to compensate the extra water
consumption by the cover crop. The use and thecehafi cover crop species is highly site-specific
and depends on the main objective to be achievadrt-8ycle and early-maturing species or
premature interruption of the cover crop cycle hheen proposed to reduce competition with the
main crop (Whistet al, 2009; Salako and Tian, 2003; Zatial, 1991). In semi-arid regions with
summer or winter rainfall, normally a single castamnd crop is produced during the growing season
often followed by fallow. In some regions, morerthea third of the agricultural land may be under
fallow. With no-till system of soil and crop managent, it has been shown that introduction of cover
crops (for forage or grain) in rotation can redéedéow land and simultaneously improve soil cover,
rainwater infiltration, soil water storage, biologl nitrogen fixation (in case of legumes), and soi
organic matter and fertility (Goddaed al, 2008, Crabtree, 2010), while reducing soil evapon as
already indicated from crop residues (Jalota armtaAr2002). This has been shown to work in semi-
arid regions in many parts of the world includingrth Africa (Mrabet, 2008); Canada (Baig and
Gamache, 2009; Lindwall and Sonntag, 2010); USAfReet al, 2007), Australia (Floweet al,
2008), and Eurasia (Gast al, 2008). Similarly, with irrigated systems, offas®n cover crops
provide similar advantages.

6.4 Evidence for hydrological functions and services: mobilizing water-related
ecosystem services from agricultural land

Three cases are presented in this section tordlesthe positive impact that agriculture produttio
systems can have on the water-cycle componentghasdontributing to water security. These are:
(1) Conservation Agriculture (CA), an approach tstainable production intensification, which is
now spread across all continents and in all ecelgtovering some 125 million hectares; (2) the
Itaipu watershed services in the Parana basim Brazil based on CA that has allowed the reduction
of soil erosion and the delivery of clean watethe Itaipu dam for generating hydro-electric power
for Brazil, Argentina and Paraguay; and (3) thet&ysof Rice Intensification (SRI) which is a an
alternate way of producing irrigated or rainfedbfied rice with up to 50% lower water requirement.
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6.4.1 Conservation Agriculture (CA) — An Approachot Sustainable Production
Intensification and Water-related Ecosystem Sergce

Soil conservation measures were developed aftdldinlh American dust bowl disaster in the 1930s.
The first measures involved practices such as cortoughing, terracing and/or strip cropping to
reduce run-off and soil erosion. According to Detp§2004), research on reduced tillage with early
versions of a chisel plough was initiated in the&@rPlains in the 1930s to alleviate wind erosion.
Stubble-mulch farming was also developed and caseba as a forerunner of no-tillage farming. This
collection of practices led to what became moreelyiknown as conservation tillage, which includes
a range of tillage practices from low soil disturba to high soil disturbance, with soil at leasy30f

the soil covered with crop residues.

The bookPloughman’s Follyby Edward Faulkner (1945), in which he questiotie®l wisdom of
ploughing and explained the damaging nature of sidlge, was an important milestone in the
development of conservation agricultural practi¢asther research in the UK, USA and elsewhere
during the late-1940s and 1950s, and the developofdmerbicide technology, made no-till farming
more viable economically, and the practice begasptead in the USA in the 1960s, and in Brazil,
Argentina, Paraguay and Australia in the 19704.9n3, Shirley Phillips and Harry Young published
the bookNo-tillage Farming the first of its kind in the world, and this widlowed in 1984 by the
book No-Tillage Agriculture: Principles and Practicesy E.R. Phillips and S.H. Phillips: see
references.

The modern successor of no-till farming — generafipwn now as Conservation Agriculture (CA) —
goes much further. It involves the simultaneousliegtion of three practical principles based on
locally-formulated practices (Hobbs, 2007; Friekdrat al, 2009; Kassamt al, 2011a): minimising
soil disturbance (no-till seeding); maintaining @tnuous soil cover of organic mulch and plants
(main crops, residues and cover crops includingirtegs); and cultivation of diverse plant species
that, in different farming systems, can includewairor perennial crops, trees, shrubs and pasitures
associations, sequences or rotations, all coningpaid enhance system resilience, in conjuncticth wi
good crop, nutrient, weed and water managements ikhithe core of FAO’s new agricultural
intensification strategy (FAO, 2011).

World-wide, CA is now practised on an estimated I@#lion ha, mainly in North and South
America, and in Australia, but also increasinglyGhina, Kazakhstan, Ukraine and Russia (Table
6.3). During the past decade, it has begun to dpre@dsia more generally (including on the Indo-
Gangetic Plains), in Europe (including in the UK)well as in Africa. CA has now spread over 1
million ha in Africa, including in South Africa, Mmambique, Malawi, Zambia, Zimbabwe,
Madagascar, Kenya, Sudan, Ghana, Tunisia and Mor@ral some two-thirds of the area is under
small-holder production. Much of the latter adopti@as occurred in the past 4 to 5 years as a r&sult
more extension attention and development resoweewy directed towards the promotion of CA
through participatory dissemination approaches.

Table 6.3: Global Adoption of Conservation Agriculture (Souré¢eiedrich, Derpsch and Kassam
(2012))

Continent Area (ha) Percent of total
South America 55,464,100 45
North America 39,981,000 32

Australia & New 17,162,000 14
Zealand
Asia 4,723,000 4
Russia & Ukraine 5,100,000 3
Europe 1,351,900 1
Africa 1,012,840 1

World total 124,794,80 100
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No-till farming was introduced as a means to cdns@l erosion and sustain crop production on
erodible or degraded soils, and it has been pramotainly for that purpose. However, during the
past decade, CA has become the flagship of amattee agricultural paradigm for intensifying crop
production that not only improves and sustains petidity but also delivers important environmental
services (Kassarat al, 2009, 2011a; FAO, 2011). The elimination or imisation of mechanical
soil disturbance avoids or reduces the shatterfrigpsoil structure and pores, loss of soil organic
matter, and soil compaction which occur with tidagrhich contributes to decreased infiltration of
water and increased waterlogging (Photo 1), ruraenff soil erosion, decreased soil moisture-holding
capacity and less rooting volume, and degradatiGoibhealth and productive capacity.

Maintaining a continuous cover of plants and orgamnilch protects the soil against the direct impact
of rain drops, enables more rainwater to entersthik and eliminates evaporation of moisture from
bare soil. The build-up of soil organic matter frahant residues left on the soil surface — aidsd al
by their protecting the soil surface against deging hot sunshine and wind — improves soil stngctu
and porosity which, in turn, increase soil moistalesorption and storage capacities. Covering soll
with organic mulch also increases the numbers ibfnsigro-organisms and meso-fauna, particularly
earthworms, that help to break down plant remaitsiacorporate them in the soil, make nutrients
available to plant roots, and create biopores ofoua sizes that improve both soil water-holding
capacity and soil drainage. The use of deep-rod&iggminous crops in rotations or as intercrops can
further increase soil porosity as well as proviae fnitrogen to soils.

In addition to the above economic benefits, whigymot always be easy for small farmer to harness
(Wall, 2007), CA also provides considerable envinental benefits (Kassast al, 2011). Not only
does CA prevent soil erosion and help to bring dégd soils back into production, but it can also
greatly reduce deforestation and burning of saVvawegetation in areas where shifting cultivation is
practised. Integrating CA practices into shiftirgiaulture, for example, can help to transfornranh
‘slash and burn’ farming to a ‘slash and mulch’teys with potential for enhancing soil productive
capacity and agricultural production over time. Heo@r, where land is not in short supply, due to
benefits only becoming evident after several segdbere is often no interest in adopting CA.

In areas of intensive agriculture, CA greatly rezhior eliminates chemical pollution of rivers and
groundwater caused by fertilizer run-off and leaghthat can occur under customary intensive
practices. It also reduces emissions of carbonidiioxnethane and nitrous oxide to the atmosphere as
reported by Parkin and Kaspar (2006), Baig and @amg2009) and Ceja-Navaret al. (2010).
Further, by increasing soil organic matter conteittiicreases carbon sequestration (West and Post,
2002; CTIC/FAO, 2008; Reicosky, 2008; Baig and Getmea 2009).

6.4.2 Watershed Services

The partnership programme established in ParanBasin in Brazil is considered here as a good
example of ecosystem management for the providisratershed services at the Basin level.

As part of a strategy for improvement, conservatonl sustainable use of natural resources, the
ltaipi DamPrograma Cultivando Agua Béeultivating good water), has established a pastripr
with farmers to achieve their goals in the PardhBdsin located in the western part of ParanaeStat
on the Paraguay’s border (ITAIPU 2011; Mello and Raij, 2006). The dam’s reservoir depends for
long-term productivity on the sustainable use oil smd water in the watershed for efficient
electricity generation. Sediments and nutrienteramy the reservoir resulting from inappropriateda
use pollute the water used by the turbines to géaeslectricity. This phenomenon shortens the
reservoir life’s and increasesthe maintenance afgt®wer-generating turbines, thereby increasing
electricity generation costs. Thus, in principlayments can be justified and could be made threugh
programme to improve the conditions of electrigjgneration.

The spatial unit in this programme is the watershethe farmers in the watershed function as a
community, they can reach a scale where envirorshémtpact can be monitored with suitable
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indicators to establish a system for payment farirenmental services. Overall, as result of the
control of erosion and a reduced sedimentation iodde water flowing into the reservoir, the lgé

the dam complex has been increased from its ofigistamate of some 60 years when the dam was
built to some 350 year now.

One of the partnerships built in tf@ultivando Agua Boarogramme was developed through an
agreement with the Brazilian No-till Federation BREAPDP) is the Participatory Methodology for
Conservation Agriculture Assessment Quality (Latiegral, 2011). Through this programme, at first,
the partners plan to start by measuring the impaictarm management through a scoring system
which indicates how much each farm is contributmgmproving the water conditions. The system is
available online in Portuguese http://plantio.hidroinformatica.org/

Consolidating this phase and adapting the prinsi@stablished for the ‘water producer’ by the
National Water Agency, the partners plan to asgaues to ecosystem services generated from farms
participating in the programme (ANA, 2011). Considg the polluter/payer and provider/receiver
principles set in the Brazilian Water Resourcesclypfarmers with good scores will be paid for thei
proactive action to deliver watershed servicesahed?arana Watershed Plan is established. This will
be a new framework for services provided by farnasrsompensation for their proactive approach to
improve the reservoir water quality and reducingtsdor electricity generation by the Itaipa4 Dam.

6.4.3 The System of Rice Intensification (SR!). MaProductivity with Less Water

The System of Rice Intensification (SRI) — a rigeduction system based on modifying standard
crop and water management practices, rather thamtoyducing new varieties or on using more
purchased agrochemical inputs -- has taken rooarotinternational scale, moving far beyond its
origins in Madagascar. For our discussion here,tmsamificantly it differs from standard rice
production practice in that paddy fields are ngbtkeontinuously flooded but their soil is just kept
moist, with periods of drying, so that the soiltatgs is mostly aerobic rather than kept always
saturated. As an innovation, SRI is ‘not yet fidh still evolving and changing, with further
elaborations or variations coming from farmer pacas well as research evaluations.

The productivity gains that result from SRI changieghe management of plants, soil, water and

nutrients, including greater water productivity adelcreased water requirements, have now been
demonstrated in some 50 countries by 4-5 millioomirs on some 5 million hectares. SRI is

spreading through a diverse group of stakeholddrs support resource-limited, small-scale rice

farmers in raising their output and incomes by gdically-available resources as productively as

possible.

In recent years, the merits of SRI management agpaced with the predominant anaerobic-soil
(flooded) rice production systems have become battderstood, based on both scientific as well as
empirical data. The SRI production strategy getsifaated usually with six changes in agronomic
practice: (i) the use of very young seedlings —ual®12 days old — for transplanting, very quickly
after removal from the nursery but also carefutig ghallow; (ii) single transplant per hill, and)(i
wide spacing of transplants, from 20 x 20 cm tox¥D cm, depending on variety and on soil fertility
(higher yields come with wider spacing and lowemplpopulations when the soil is more fertile), so
as to reduce plant populations by 80-90%; (iv) hyaimoist (not saturated and flooded) soil water
regimes, maintained through intermittent irrigatior small daily applications; (v) regular weeding
through a rotary hoe that facilitates soil aeratesnwell as weed removal; and (vi) liberal use of
organic fertilizers. These ensemble of practices firat assembled some 30 years ago by Henri de
Laulanié, a Jesuit priest, who recognized that snd farmers in Madagascar simply lacked the
resources to invest in intensifying their rice maition practices through the recommended ‘modern’
techno[]logical package based on costly (and utea) external inputs and inadequate or non-
existent extension support.
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Relying on 'improved' varieties, the backbone afdern' rice production and indeed of industrialized
agriculture in general, was not a promising apgnotmr raising smallholder rice production in
Madagascar. By manipulating the other crop managerfectors, including their interactions,
Laulanié achieved large decreases in water reqeintsrand spectacular yield increases using local
varieties. There were water savings of 25-50% db agegreatly increased water productivity (crop
per drop), by 50 to 100% or more. In essence, &} management and water management represent
'integrated' agronomy. Through integrated managérérhe various crop-soil-soil biota-water-
nutrient-space-time components, SRI seeks to dapitan a number of basic agronomic principles
that optimize the above- as well as below-grourahipyrowth and development, and the performance
of the crop as a whole.

Thus SRI offers an opportunity to reduce water deinavhile enhancing yields, and also water
productivity. It gives farmers an incentive to econize on water use. As has been shown in several
studies, the most evident phenotypic differencé \8iRI is in plant root growth as well as in number
of tillers and panicle size. Direct measurementsficm that SRl methods induce both greater and
deeper root growth, which contributes to increasedler use efficiency, and more nutrient uptake
throughout the crop cycle. SRI rice roots as weltanopies resist senescence longer, compared with
the shallower rooting and shorter duration of fowmictioning under continuous flooding. Rice plants
grown with SRI methods take up more macronutriéimés roots of conventionally-managed plants
and give more grain yield per unit of macronutriént P, K) taken up because SRI phenotypes
function differently from rice plants grown undeowded, flooded conditions (Barison and Uphoff,
2011).

Evidence is accumulating that making the changeawénrice-growing practices that constitute SRI
can result in win-win outcomes — for farmers, consts, and the environment — in terms of water
productivity as well as water savings. These ganespossible across a wide range of agroecosystems
as noted below, and they are not limited to sméliérs (Sharif, 2011). Nor are they limited to ries,
adaptations of SRI ideas and practices are denatingtrbeneficial results with wheat, finger millet,
sugarcane, teff, as well as a number of legumewegetables as the alternative plant, soil, watdr a
nutrient management practices evoke more produgiivenotypes for a variety of crop species
(http://sri.ciifad.cornell.edu/aboutsri/othercropsiex.htmy). Although the greatest benefits come from
using the full set of practices, and using themmea®@mmended, there are demonstrable advantages
from ‘partial SRI'. Based on the results of largede factorial trials in Asia and Africa, one can
predict that in most of the cases reported, thexepportunities to achieve still-greater bendfibsn
better use of SRI methods.

These methods, with appropriate adaptations, &eetefe in a wide variety of environments: tropical
humid ecology (Panama), semi-arid regions on tlye @d the desert (Mali), mid-altitude sub-humid
tropical environment (Madagascar), sandy-marshyonsg(southern Iraq), various dry and humid
environments in Asia (India, Pakistan, Indones&)en mountainous areas with a short growing
season (northern Afghanistan). In each of these@mments, farmers have found it possible through
their modifications of standard rice-growing praes, according to SRI principles, to create
microenvironments above- and below-ground thatarerable to more beneficial expression of rice
plants' genetic potentials. A crop management aaeénmanagement strategy such as SRbtsan
alternativeto getting and using the genotypes best suitedgioen production situation; rather, it is a
way to make the most of any given variety’'s progurctapability.

SRI success is not dependent on farmers' usindcyart rice cultivars, although the highest SRI

yields have come from combining its practices wiitjh-yielding varieties or hybrids. Plant breeding
has been, and will continue to be, important forinmproving yield and other crop potentials.

However, SRI methods can also raise the yields o$tnindigenous varieties, and where these
command a higher market price because of consumeferpnces, farmers may find these
‘unimproved’ varieties more profitable. This canpherith the conservation of rice biodiversity.
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Another important consideration is that SRI phepesyare widely reported by farmers and observers
to be less susceptible to pest and disease dama@05-06, a systematic evaluation was done by the
National IPM Program in Vietnam in eight provincesmparing SRI plots with neighbouring farmer-
practice plots. This found the prevalence of majce diseases and pests (sheath blight, leaf blight
small leaf-folder and brown planthopper) to be 598%s on SRI plants in the spring season and 70%
less in summer (National IPM Program, 2007). Fasnfiequently say that with SRI management,
their rice plants are resistant enough to crop denthat agrochemical protection is unnecessary or
gives them no net economic benefit.

The SRI approach is an example of a paradigm gbiftnore biologically-driven, agro-ecological
strategies for crop production, in contrast to clealty-dependent ones. SRI experience is showing
that better optimizing management of plants' emwirents for growth can achieve fuller expression
of these potentials while minimizing overall watezquirement and maximizing crop water
productivity.

Such management can also help to buffer the effeicidimate change (Uphoff, 2011). Further,
especially if combined with Conservation Agricuturt has the benefit of increasing long-term soil
fertility. Inorganic fertilizers can be used withet other SRI practices, but organic fertilizatien i
recommended and rewarded with higher yields. Sgeéuic matter is also enhanced by the larger and
more longer-lived root systems which contribute mueore root exudation and then through root
residues that enhance soil structure and functipnin

6.4.4 Conservation agriculture in olive groves

The olive tree is a traditional crop in the Mediggrean region, which despite being perennial, parel
covers the ground due to its broad framework ohtotg. Andalusia is a southern region in Spain,
where around 60% of national production is obtairiHuere olive groves are commonly found in
areas of steep hills as 75.8% of adult trees anetgdl in a range from 8 to 16% slope (Consejeria de
Agricultura y Pesca de la Junta de Andalucia, 2008% introduction of mechanization in the mid-
50s intensified the use of ploughs in Spain. Opix@duction involves a high risk of erosion duelte t
conventional soil management based on tilling. éujeintensive tillage is the common soll
management system in olive groves (Pastor, 200divéhtional agriculture drives to serious soil
losses. Laguna and Giraldez (1990) estimated araveahge losses between 60 and 105'tylear".
These losses greatly exceed the natural rate fbfasmation, as seems to prove the progressive
deterioration of vegetation in eroded surfaces.dviecently, Vanwalleghert al (2011) quantified
the effect of historical soil management on sailsesn over a 250-year period in olive groves. Mean
rates of soil loss ranged between 29 and 47'tywar’. Water erosion was found to be 3 times more
damaging than the one caused by wind.

Conservation agriculture (CA) improves olive growas/ironment. Although many measures have
been planned, CA, understood as permanent covps ¢€C) in-between tree rows, is the best cost-
effective system. Certainly, both for its simplciand the degree of protection provided, which
improves soil’ structure and increases water nafilon. That extra water input, benefits the water
balance. The management of soil with CC is prop@sed sustainable way to protect contamination
of surface waters by trawling herbicide residuesr(hbsinet al 2011).

The use of CC reduces the power of the raindrogmwhaching the soil surface. For the same rain,
water loss in the plowing system is superior td graduced in the cover system (Espejal., 2007;
Pastoret al, 2001). Erosion is no longer a problem with Céjtaeduces the output of organic matter
adsorbed to sediment by decreasing water erosibnuenoff (GoOmezt al. 2009; Franciat al, 2006;
Ordofiezet al, 2007). Gomeet al (2011) studied runoff, sediment and nutrient losm six sites in
France, Spain and Portugal during 3-4 year. Thaysitas focused in vineyards and olive groves and
report CA reductions in erosion up to 97.4% whempared to conventional tillage. Moreover,
authors report decreases in soil erosion, OM asdcieted nutrients in CC even when the quantity of
runoff was not reduced when compared to conventiilzge.
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CC enhances the surface flow dissipation, and miasita network of roots at the center of the street
creating biopores. These biopores improve thetiafibn of water. Indeed, in a 4 year study in 9
plots, pores formed by roots and worms were fountdrges more on CA (Marquet al., 2008).

Moreover, nutrient export decreases, maintainigg@d quality of water that runs through the basin.
Rodriguez-Lizanat al (2007) studied in 3 fields, surface runoff, séduP and Olsen P losses in
sediment and concluded that CC reduced the tadakfof both variables; between 7.6% and 36.5%
the dissolved P loss, and between 16.3% and 56Wof the runoff. However, keeping the CC
growing all the season may cause less yields initelednean conditions. Water and nutrients could
be a limit in the olive production (Berenjena, 1R9/Me delay in limiting CC growth, fairly common
circumstance in Spain’s countryside, causes a dserm the moisture content. Even moisture could
be the same in CC and tillage system if this dalypens. Marqueat al (2007) report a relationship
close to 1 (0.995), between volumetric moisturé¢him CC and tilled fields in a 4 season study in 9
fields located in South Spain, where climate cood# are drier than in the North. Therefore, it is
mostly needed a proper CC management, for avoichngpetition for water and nutrients among the
olive tree and the CC in spring and summer.

6.5. Social and economic importance of water-related ecosystem services in
farming systems

Managing the natural infrastructure in farmland®ilés and land cover) offers solutions to
simultaneously meet three of the major naturalussochallenges facing agriculture: water security,
nutrient management and carbon storage. Togetlse throvide a natural resource framework for
sustainable agricultural intensification and anedamental to the achievement of food security. The
improved management of soil infrastructure and leoder also offers significant off-farm benefits
through, for example, reduced erosion, improvedewgtiality, climate change mitigation, and more
efficient use of water in farming which reduces petition with other users downstream. The social
and economic importance of natural water infrastmcin farmlands is, therefore, self-evident.

Examples of the on-farm benefits of sustaining estaring natural infrastructure in farmlands are
provided above. These benefits are an essentialealkeif farmers are to have incentives to adopt
natural infrastructure based approaches. Wherarom henefits are less obvious to, or immediate for,
farmers, for example efforts to maintain off-sitater quality, farmers may be encouraged to adopt
more sustainable management through approachesisyayments for ecosystem services.

The scale of benefits on offer at the global arglomal scales has not been quantitatively asséssed
this chapter. However, previously provided figuseggest that most existing farmland is currently
degraded and that 70% is moderately to highly dkegiaThe primary cause of this degradation is
degradation of the natural infrastructure provided soils and land-cover. Production on some
degraded lands has been maintained through contpensaith increased irrigated water and

fertilizer use, and there is ample evidence thaerall, this approach is not sustainable. It is,
therefore, not unrealistic to conclude that theisdognd economic benefit on offer is global food

security.

Turneret al. (2004) considered approaches to the economi@traiuof water for agriculture in the
context of increasing competition for water and tieed for better informed decisions regarding
allocations. They proposed a number of genericcjpies that together form a powerful and
comprehensive case for the wider adoption of as#é@tisupport system based around economic
analysis, and which provides a thorough and powarfalysis of key issues related to agricultura us
of water: economic efficiency and cost-benefit ggial integrated analysis; an extended spatial and
temporal perspective; functional diversity maintereg long term planning and precaution; and the
principle of inclusion. Furthermore they highligtitat a transparent appraisal of water related
projects, programmes or courses of action req@resmprehensive assessment of water resources
and supporting ecosystems.
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6.6  Carbon and water cycle interactions

Soil plays a key role in Earth's global carbon ader cycle. World soils collectively comprise the
third largest global C pools (2000 Pg of organiar@ 750 Pg of inorganic C to a depth of one metre).
This total is 3.2 times the atmospheric pool (780 &d 4.1 times the biotic pool (560 Pg). About 66
to 90 Pg C of the soil organic carbon (SOC) poal Ieen lost to the atmosphere due to conversion of
native forest and grasslands systems to agriculaysiems and soil cultivation (Lal, 2001). Most
agricultural soils have lost 25 to 75% of theiamal C pool, and severely degraded soils haverast

to 90% of the antecedent pool (Bockheim and Gemneadi2010), mainly due to mechanical
disturbance through tillage which accelerates daogaratter decomposition (Reicosky, 2004, 2011),
and not returning organic matter not being returteedhe soil from crops (residues, cover crops,
manure etc).

6.6.1 Carbon and water cycles working together

The global energy, water, and carbon balancestemegly linked (Sellersett al, 1997). Respiration

is the largest C flux, contributing 120 Pg C/yeath® atmosphere, with about half of the respiration
losses being from heterotrophic soil respiratiooh{&singer, 1997). Plant photosynthesis is the key
link between the energy (radiation) and carbon rwaa and evapotranspiration is the key link
between the water and energy balances. Consequémdhe are interactions between carbon and
water with the soil being the mediating substrat&lso, the build-up of carbon in the soil is a
dimension of 'natural infrastructure,' enabling sgstems to be better absorbers/users of water fro
rainfall and irrigation.

To improve the water balance for crop productioraafiven site it is possible to enhance water use
efficiency as described in Section 3, or to inceeti®e effective available water capacity of thd.soi
The latter can be achieved either by adding solbyoopening up the subsoil to increase its rooting
volume and depth, by changing the soil texture, l@anohcreasing the soil's organic matter conterit. O
all these interventions, only the break-up of haads or other rooting-depth-restricting structsal
layers, and the build-up of organic matter in tlel seem economically feasible and realistic
measures to improve available water capacity.

A strong relationship has been found between th€ $§abl, on the one hand, and the plant available
water capacity (AWC) and the ability of soils totlgtand drought, on the other (Hudson, 1994;
Emerson, 1995; Gupta and Larson, 1979). In a titeeareview Hudson (1994) found highly
significant positive correlations between SOM cahtgnd AWC for sand (r2 = 0.79***), silt loam
(r2 = 0.58***) and silty clay loam (r2 = 0.76***)eixture groups. In all the texture groups, as SOM
content increased from 0.5 to 3%, AWC of the sodrenthan doubled. In his review, Hudson
concludes that going from 1 to 6% OM by weight vemgiivalent to approximately 5 to 25% by
volume. In general, the soil’'s available moistuoatent increases by 1 to 10 g for every 1 g in&eas
in soil organic matter (SOM) content (Emerson, J99%us, an increase from 1 to 2% of SOC in a
topsoil (0-30cm) with an average bulk density &, vould correspond to an additional AWC of 4.5
to 45 mm.

The improvement of soil structure through a moratmable particle aggregation and the consequent
changes in soil porosity towards medium-sized pagsable of retaining plant available water,
explain the increase of the effective AWC with #tghancement of SOC (Table 6.1). Although the
higher SOM content in the top layer under the Hdr@atment did not correspond to a higher AWC
in this layer, there was a clear positive relatietween SOM content and AWC in the monitored soll
layer (0-30cm), albeit the additional effect oflstisturbance under the different soil tillage syss.

In addition, improved plant AWC leads to furthersjtive feedbacks such as an increased ability of
soil to withstand drought and to sustain biomassdpction, and also an increased water use
efficiency (Lal, 2006). Both contribute to highearbon inputs into the plant-soil system, thus
enhancing SOC levels. This closes the loop andigesvthe necessary synergy to boost crop
productivity and enhance the natural infrastructure

There exists a strong relationship between agronpnaiduction and the SOC pool, especially in low-
input agriculture (Lal, 2010). Without regard fdnig knowledge, current agricultural land use
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continues to contribute to the decline of the S@@GI jin vast regions of intensive crop productidn. |
is estimated that between 66 and 90 Pg C of thédisototal soil SOC pool has been lost to the
atmosphere due to conversion of native forest aasglstands systems to agricultural systems and soil
cultivation (Lal, 2001). Most agricultural soils \elost 25 to 75% of their original C pool, and
severely degraded soils have lost 70 to 90% ofatiecedent pool (Bockheim and Gennadiyev,
2010). There are numerous reports on the adveiset ef extractive, tillage-based agricultural land
use on SOC concentration of arable land, mainlgrdpical regions (Colet al, 1993, Swiftet al,
1994). Figures 6.4 and 6.5 and Table 6.4 makea theaenormous decline of SOC under different
agro-ecological conditions and farming practicésy & temperate climates.

O Soil organic matter level > 7%
W Soil organic matter level 3,6% - 7%
@ Soil organic matter level < 3,6%

100%

80%

60% -

40% -

% of samples

20%

0{,}/0 T
1979-81 1995

Figure 6.4: Organic matter content of agricultural topsoils:itdd Kingdom (England and Wales),
1979-81 and 1995, (Source: MAFF, 2000).
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Long Term Effects of Crop Rotations

Morrow Plots: East Central lllinois

O Corn-Oats-Hay Rotation
O Corn-Oats (1885-1953), Corn-Soybeans (1954-Present)
A Continuous Corn

1 Estimated
to 4% in 1888
Wagner, (1989)

Figure 6.5: Long
term effects of
tilage and crop
rotations on the
evolution on soil
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Sanborn Field: Central Missouri
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Reicosky, 1997)

Table 6.4: Effects of long-term cultivation on tot&a organic C (g kg-1) in A-horizons in 8
different virgin (V) and cultivated (C) soils in Saskatchewan, Canada (adapted from Schnitzer
et al., 2006).

Soil no.  Years of Cultivation Total organicC (g kg’l)

\Y C
1 50+ 35.4 14.9
2 31 45.7 24.1
3 53+ 54.4 27.6
4 85 39.6 20.5
5 48+ 49.9 18.0
6 94 41.4 15.4
7 50+ 54.4 27.9
8 53+ 46.9 35.2
Mean 46.8 22.9

As outlined in Section 6.3, farming practices apable to directly improve the water balance aed th
share of green-water available for biomass prodaociThe improvement of the physical environment
promoting infiltration, water retention, and reddcevaporation are undoubtedly some of the key
effects of soil water-conserving farming practisegh as minimum soil disturbance and permanent
soil cover. Besides these interventions upon thlepéysical environment aiming to improve soil
water balance, the impact of agricultural practi@ed farming systems on soil organic carbon (SOC)
concentration and pool is crucial for the waterdeymnd the crop-available water (Hudson, 1994).

The effects of any change in the cropping systefiamwning practices on soil physical and chemical
changes are complex, and cause and effect can nftebe clearly identified. Especially when it
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comes to evaluating the impact of changes in SOCrop performance, it is difficult to tell, at l¢as
under field conditions, whether changes in nutreardilability, soil structure and consequent rogtin
conditions, soil water availability, etc., or thengbination of two or several factors, were de@dw
having differences in productivity.

For example, the wheat yield response to diffelerdls of fertilization (Figure 6.6) on the samd so
type with different levels of soil organic mattesbtained through long-term differentiated soil
management (no-till + retention of residues vs.veoional tillage and residue removal), would be
interpreted, in the first place, as the direct@ffef an improved nutrient availability. Howevether
factors than nutrient availability certainly inteted and contributed to the higher yields at lower
fertilizer inputs. Other favourable soil propertidsat are positively correlated to SOC content
probably contributed to the enhanced crop perfoomaespecially soil moisture availability under the
prevailing water scarcity under Mediterranean cbons. Nonetheless, at any level of mineral
fertilizer input, water use efficiency (same amoohtainfall) was considerably higher on the field
with greater SOC.
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Figure 6.6: Wheat grain yield response to N-fertilization unddferent levels of SOC under water
limited Mediterranean conditions (adapted from @ére et al., 2010)

In studies on the effect of long-term fertilizer mgement on water retention curves of soil
aggregates, Liet al (2011) found the effects of using only chemiaatifizer to be limited when
compared to the combined application of crop residw manure and chemical fertilizer that
significantly improved aggregate water-retentionacayes.

Another positive, albeit indirect effect of highietal organic carbon (TOC) contents on soil water
availability is the reduced soil compactability &2iZorita and Grosso, 2000). These authors found
that the maintenance of high TOC levels are cruciatounteract compactability, i.e., to avoid the
reduction of soil porosity.

A very clear and direct relationship between fagnimactices, SOC content, and AWC was reported
by Fernandez-Ugaldet al (2009), who studied soil physical properties @ngp performance on
degradation-prone, semi-arid soils after 7 yearsngflementing no-till practice in comparison to
conventional tillage (Table 6.5). Despite the verpall difference in SOC between no-till and
conventional tillage in the soil layer at 5 to 1f,cthe authors attribute the increased total water
availability to improved structure characteristexsd SOC content. This increased AWC doubled
barley production under no-tillage in 2008, whichsma very dry year.

Table 6.5: Soil organic carbon (SOC) and plant available wetgtent (AWC) under no-tillage (NT)
and conventional tillage (CT). Meanz standard efagiapted from Fernandez-Ugalde et al. (2009).
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Soil depth (cm)

7

0-5 5-15 15-30
SOC (Mg ha™)

NT 11.15+0.19% 15.95+0.19  23.51+0.39*
cT 8.06+0.11 15.84+0.23  20.82+0.21

AWC (mm) [-33 to - 1500 kPa]

NT 11.68 £0.20* 18.14+0.40*  26.65+0.55*

CT 7.87+0.21 14.83+0.21 20.89+0.20

Values in the same column followed by asteriskafg significantly different at P <0.05 according to
ANOVA.

Apart from the local scale benefits of SOC enrichtnen improved water use efficiency, there are
regional and global dimensions of carbon and wattractions, namely, with regard to climate
change (CC) adaptation and mitigation. Most scesasf the consequences of climate change involve
changes concerning the total amount and varialgfityainfall, including extreme weather conditions.
In his review, Huntington (2006) forecasts an istBcation of the global water cycle, without being
precise in his conclusions about the consequerndewever, from the examples above, we can
conclude that soils with adequate levels of SOCnaueh better able to adapt to the adversities of
both excess or scarcity of rainfall. Regarding thiegation of climate change, there are numerous
studies about the capacity of agricultural soilmtpen effective carbon sink (refs), thus reduding
global CC forcing potential of CGemissions.

On the other hand, regional or global changes iinnsder-holding capacity through various changes
in farming practices and soil properties are atsusidered a very important issue in the modellihg o
global change scenarios as they would affect censlidy the hydrological cycle through their impact
on evapotranspiration (Ducharne, 2000).

According to Lal (2004), due to land misuse and s@$management most agro-ecosystems contain
lower SOC pools than their natural counterpartds Tifferential causes the low eco-efficiency of
many agro-ecosystems whether managed on a traaisoibsistence basis or commercially operated
under rainfed or irrigated conditions in both deysld and developing countries. Water-saving
technologies in irrigated agriculture such as grmaderobic rice (Boumaet al, 2007) or using the
System of Rice Intensification (SRI) methods (Uftetfal, 2011; Kassamet al, 2011), as well as
the adaptation of agriculture to climate changew#ien et al, 2007; Batisti and Naylor, 2009)
through restoration of soil quality by improvingetiyuantity and quality of the SOC pool (Lal, 2004)
are, therefore, the big challenges for the adequattagement of the main natural resources, soil and
water.

6.6.2 Carbon offset scheme with no-till soil and tea management

The greenhouse gas offset scheme operated sin@eb§abe province of Alberta, Canada, is a good
example of climate change mitigation through adtical carbon offsets based on carbon
sequestration, and integrated with water managea®defined in a no-till farming system protocol
which the participating farmers must follow.

This scheme allows regulated companies to offsgt #missions by purchasing verified tonnes from
a range of approved sources including agricultuogepts (Haugen-Kozyra and Goddard, 2009). This
compliance system for large emitters has provideitla opportunity for learning on behalf of all
players — the regulated companies, governmentntigti® consultants, aggregator companies and
farmers. Climate change legislation was amende2D0v to require regulated companies to reduce
their emissions to a set target below their 200388eline. If they could not achieve their target i
any year, they could settle their accounts with @inhree options: pay into a research fund akedfi
rate of C$15 per tonne G& trade emission performance credits if they wgeaerated by any
company reducing emissions beyond its target, ecchase verified offsets generated within Alberta
using Alberta government-approved protocols. Thtedeoption triggered interest and activities in
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developing protocols across all industrial sectoduding agriculture. Offset tonnes trade at a
discount to the C$15 fund payment option in ordezdver the aggregation and transaction costs.

The Alberta government provides the enabling latjish and regulations. It also provide oversight of
protocol development and approvals. Beyond that, frivate sector invests in development of
protocols, aggregation of offsets, and assembjyr@jects, third-party verification of projects, atd
bilateral sales to the regulated emitters. A nomegoment agency, Climate Change Central, also
plays a role of facilitator and is the designatearator of the Registry of the offsets. All vesii
tonnes are serialized and tracked by the registough to the retirement (used for a compliance)yea
of a particular tonne.

The regulator/government ministry holds annual eevimeetings with the players in the market to
review performance, new developments, regulatognghs, and guidance. The amount of offsets
used by companies for compliance has been relgta@hsistent at about 36% of the total annual
accounts (CCC, 2011). Agricultural offsets havetibated about 36 to 40% of all offsets. The most
popular protocol has been the Tillage System paobtaghich acknowledges the soil carbon
sequestration achieved through implementation eifN@ractices. The Tillage System protocol has
contributed over 8 million tonnes of offsets wo@B100 million over the last five years of the offse
system.

The offset system has had many co-benefits beyeduacing greenhouse gas emissions and reducing
the C-footprint of industries. Scientists come thge in helping to develop protocols and share a
systems view of the production system under reviggience and policy come together and integrate
to form protocols and develop a market. The prigatetor has a parallel function with aggregator and
verification companies integrating their effortsladeveloping streamlined systems to bring offsets t
market efficiently. Farmers have developed impdopeoduction and record systems. Very often the
financial benefits to the farmer from adopting atigalar protocol far exceed any offset payment for
the greenhouse gas savings portion. All playersnare further along the capacity curve to be in a
better position to see and take advantage of eit@system goods and services opportunities.

6.7 Climate change

Climate change is a cross-cutting topic with regaadthis work. The key point is that the primary
impacts of climate change on ecosystems, and substy on people, are expressed through changes
in hydrology (water availability) (IPCC 2008). Thmajor impacts of climate change on food
production therefore arise through changes in tleammavailability of water for farming and,
importantly, changes in the extent and frequencthefextremes of droughts and floods. Although
there are regional and local differences, esséntialimate change increases risks and thereby
reduces water security for farming. Adapting fargngystems to climate change therefore centres on
increasing the resilience of farming to water eflatisks. As noted above, farming currently alyead
suffers from increasing water scarcity and riskim@te change, therefore, is not considered a
separate variable, but one that makes the existingtion and scenarios much worse.

The above mentioned situation with the loss of aarstorage in farmlands, and potential for carbon
storage restoration within them, is also a majsudés and opportunity, regarding climate change
mitigation. Mutually reinforcing linkages betweetet carbon and water cycle also clearly
demonstrate how climate change adaptation andatigigcan be pursued together.

Because of the importance of the biodiversity-watabon cycle relationship, and how it underpins
water security, nutrient cycling and food security farmlands, “natural water infrastructure”
approaches should be the cornerstone “climate sagadulture” (www.climatesmartagriculture.org/)
including being at the forefront of the strive toprove resilience of farming systems in the face of
climate change.
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6.8 Trends in global and regional attention to “natural infrastructure
solutions” for agriculture

Trends in uptake of Conservation Agriculture, agldted approaches, are mentioned above.
Rockstromet al (2009) proposed a new approach to global sudidityain which they identified
planetary boundaries (with parameters) within whichy expect that humanity can operate safely:
climate change; biogeochemical nitrogen and phaspiso cycles; freshwater use; land system
change; rate of biodiversity loss; ocean acidiftogat and stratospheric ozone. Sustaining and
restoring water-related and dependent ecosystewcssrwithin agricultural landscapes is a major
means to move towards safely operating within ih& five boundaries simultaneously (climate,
nutrients, water, land, biodiversity), and argualiye to CQ® reductions under achieved climate
boundaries, also to the sixth (ocean acidification)

Because of the importance of food security, andrtipact of farming beyond farmlands, agriculture
related issues are high on the national and intiemal policy agenda. The three primary global
natural resources issues - food, energy and watmirity - certainly dominate much of the current
natural resources related development debate. Therealso increasing attention to the
interrelationships between the three topics inodjaés such as the “food, water and energy nexus”
(e.g. Hoff 2011).

There has been a significant discernible shiftalicies and approaches in recent years away from
managing agriculture as a sector which utiliseerae inputs (land, water, chemicals) towards
viewing agriculture within a broader ecosystem Emdlscape setting. In particular, there is incregsi
attention to the role of ecosystem services in supm agriculture: for example, paragraph 111 of
the outcomes of the U.N. Conference on Sustairaelelopment 2012 (“Rio + 20”) states “We also
recognize the need to maintain natural ecologicatgsses that support food production systems.”
An emerging consensus on the need to sustainategsifly agricultural production, largely because
the alternative is no longer a viable option ans $ignificant implications for increased biodivéysi
loss, has prompted a shift towards better ecosystanmagement as a logical approach. For example,
“Save and Grofwis a cornerstone of FAQ’s approach to food prdiducand represents a paradigm
shift towards the sustainable intensification ofaholder crop production_(www.fao.org/ag/save-
and-grow/).Some relevant elements of the strategy include:

® Crop production intensification will be built onrfaing systems that offer a range of
productivity, socio-economic and environmental figmeo producers and to society
at large;

(i) Agriculture must, literally, return to its roots bediscovering the importance of
healthy soil, drawing on natural sources of plarnitition, and using mineral fertilizer
wisely; and

(iii) Sustainable intensification requires smarter, gienitechnologies for irrigation and
farming practices that use ecosystem approachamBerve water.

Biodiversity is at the heart of such approaches iangarticular with regards to how it underpins
ecosystem services required by and influenced tioyiifa.

The Comprehensive Assessment of Water ManagemeXdrioulture (CA 2007) made a significant
contribution to a strengthened science base, anvddrsed awareness, of the challenges and solutions
in the water-food nexus. Whilst recognising the apmities to improve irrigation efficiency,
importantly the assessment concluded that the egeabtential increases in yields are in rainfed
areas: but with the caveat that only if leadersdieto do so will better water and land managenrent
these areas reduce poverty and increase prodyctiven the limited opportunities for managing
rainfall directly (although managing evapo-tranapan from land cover is an exception — see chapter
2), sustaining the natural water infrastructurehimitagricultural landscapes is a large, if notrien,
sustainable strategy for improving yields in ragat-areas.

Sustainable management of the natural resourcesb@g®rting agriculture is one of the three major
strategic objectives of the Consultative Group wiernational Agriculture Research (CGIAR). The
CGIAR Research Programme on Water, Land and Easgshttp://www.iwmi.cgiar.org/CRPY/

combines the resources of 14 CGIAR centres and rausexternal partners to provide an integrated
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approach to natural resource management (NRM) nadseand to the delivery of its outputs. The
programme focuses on the three critical issues aikmwscarcity, land degradation and ecosystem
services, as well as the CGIAR System Level Outcofrsustainable natural resource management. It
will also make substantial contributions to the t8gs Level Outcomes on food security, poverty
alleviation and, to a minor extent, health and itiatr. The current topic is effectively already
embedded as major component of this research agproa

At the level of international agreements, the CB@ategic Plan for Biodiversity and the Aichi
Biodiversity Targets represents a strong framewlmrk action in this subject area. Some of the
important links between the Aichi Biodiversity Tatg, food, water security and development goals
were illustrated in document UNEP/CBD/SBSTTA/IN&http://www.cbd.int/doc/?meeting=sbstta-
15). Better management of the role of biodiversityagricultural landscapes, that is, soil biodiversit
and land cover, are central to the achievementicti/iodiversity Targets 4, 7, 8 and 14 (among
others). In addition, restoring water-related l&mactionality would be a major component of efforts
towards ecosystem restoration (Article 8f of then@mtion itself, and as to be considered at COP-11
re. document UNEP/CBD/COP/11/21). In fact, muchrenir ecosystem restoration is probably
already driven largely by interests in improvingt@rasecurity. The topic is also central to the
objectives and strategies of the United Nationsv@otion to Combat Desertification (UNCCD). Loss
of soil moisture, by definition, is the direct deivof desertification and sustaining or restoring s
moisture, therefore, the primary means to combaérdification. For example, this topic has a high
profile in considerations of indicators for the iagb of the strategic objectives of that convention
(UNCCD 2011).

All of the above illustrate increasing recognitiiithe importance of ecosystem services with regard
to sustainable water and land management and #grieuDifferent interest groups commonly use
different terminology. But for present purposesphthe above examples centre on sustaining and/or
restoring the functionality of natural water infirasture in agricultural landscapes.

The extent to which such recognition and approaenesmainstreamed into policies in practice is,
however, difficult to assess. For example, muchhef dialogue on improving water storage and
supply for agriculture is still dominated by a fsoon irrigation and in particular large infrasturet
development approaches that dominated advancespiroved agricultural productivity in the 1960s
and 1970s. Although there are opportunities forroapd irrigation to contribute, a better approah i
to articulate the need as “water storage” (nogation) and thereafter to consider the most effecti
means to store water and make it available to gldmtthis regard, there is a strong argumentttieat
safest and most sustainable and efficient placstdoe water for agriculture (and indeed other
purposes) is very often in the ground (soils andugdwater). The menace of water scarcity,
worsened by climate change factors, carries thgetaof driving policies to try to build more dams
and reservoirs, to mechanical and engineering isokit rather than biological and vegetative
solutions; and to large-scale dams rather than Iswvale, dispersed, distributed water within
catchments. This chapter has attempted to congribmitgenerating some new thought and new
perspectives, and maybe having some impact on gme1t and investment decisions in these
regards.
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CHAPTER 7 Understanding how institutional arrangements support
natural infrastructure to ensure water security

7.1 Introduction

Ecosystems provide services by maintaining watexdland supplies, regulating water quality and
minising water-related disasters (Emerton and B2¥)4). Rapidly expanding population and
economic growth, particularly in developing couedtiis requiring more water to meet growing food
and energy demands. This is contributing to diffittade-offs in how water is allocated which, in
many instances, is resulting in limits to econogriowth and/or substantial ecosystem degradation.
However, it is not simply limited availability tharesents economic and social difficulties, bubeat
the variability of water in space and time thatsgrs the greatest challenge. This variability gmes
economic costs to both vulnerable people and natienonomies. Droughts and floods, can have
huge economic consequences for countries andftaa the most vulnerable communities that bear
the greatest impact. If the climate change preiicatare correct, these economic impacts are likely
to increase in the future (Lenton and Muller 2008/VAP 2012). Furthermore, although significant
progress has been made, globally, there are gignifiand on-going challenges, particularly in
developing countries in delivering sustainable wated sanitation services to communities. This is
partly because many water and wastewater utilitiesoperating with aged infrastructure that reguire
large capital investments for upgrades or replacémaffordability of infrastructure upgrades
presents on-going challenges, particularly in tlmeent economic climate.

Within this global context, the objective of thiedk/piece of work is to expand the traditional
understanding of infrastructure, that is narrondgused on the physical structures associated with
providing and distributing water, to a broader ustinding to include the role that natural
ecosystems have in ensuring the reliability andieese of water resources, as well as reducing
vulnerability to water-induced disasters from flsodnd droughts. The services provided by
ecosystems are often poorly understood and inatllgjuaommunicated, contributing to them
receiving inadequate attention by decision-mak@tber chapters/contributions have addressed this
by clarifying the available science and outlinimgplvledge gaps. However, improved science, while
crucial, is only part of the solution. In order fihis understanding to be integrated into decision-
making, there is often a need to reform institloarrangements. Natural infrastructure solutions
often require wide-ranging solutions that expangbie the jurisdiction of many water managers and
usually require the engagement of a wide-rangdatdedolders. The implementation of the solutions
may require difficult trade-offs and changes indarse practices which are not easily implemented
without wide-scale political support. Natural irgtaucture solutions cannot work everywhere but they
can sometimes offer viable alternatives, or complaiary actions, to traditional infrastructure.
However, integrating these solutions requires adetsianding beyond the science of ecosystem
services to the institutional arrangements within the water sector as well as the enabling
mechanisms that support implementation. An undedstg of these dimensions will assist decision-
makers in understanding the context and the tdws$ @re required to better integrate ecosystem
services into decision-making.

7.2 Institutions

This first section of this chapter provides a débn of institutional arrangements in the watettee,

as distinct from organisational structures. Theosdcsection outlines some of the reforms that have
taken place in the institutional arrangements aassat with water resource management, specifically
those of IWRM as well as private sector involvemientvater service delivery. These water reform
contexts are then placed within the context of #evareforms in public sector institutions. In
conclusion, three principles are outlined as ingartconsiderations for mainstreaming natural
infrastructure: the importance of the broader sgalitical context; the importance of working
strategically within non-ideal arrangements and; ilnportance of developing appropriate ways to
measure performance to match government priorities.
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7.2.1 Definition of Institutional Arrangements

Institutions can be defined as an expression ofdireal and informal rules and norms that shape the
interactions of humans with each other and witheheironment (Cortner 1998). Or more simply,
they are the “humanly devised constraints that ehiperaction” (North 1990). Consequently,
institutions have widely diverse interpretation dahely reflect “different disciplinary perspectivasd
theoretical traditions” (Saleth and Dinar 2005).wdwer, within the water sector, there is general
understanding that institutional arrangements empes® the “rules that together describe action
situations, delineate action sets, provide incestiand determine outcomes both in individual and
collective decisions related to water developmalhdcation, use and management” (Saleth and Dinar
2005). Institutions can be broken down into thetitim$onal environment and institutional
arrangements. The environment includes the fundtahpnlitical, social, and legal rules that guide
production, exchange, and distribution. Institugibarrangements provide structure within which
members of a society cooperate or compete, inaultigal, policy and organisational components
(Saleth and Dinar 2005) as per Figure 7.1.

»
-~

= Waler sector Porformance

Figure 7.1 Water institutional environment: a partial reprgaéion. Source: saleth & Dinar (2004).
Within the water sector, particularly within devgileg countries, it is important to acknowledge that
the formal policies, rules and regulations usudiffer substantially from the application in praeti
Understanding institutional arrangements requiresa@areness of and a distinction between “the
rules” and “the rules of use” (Ostrom 1992). Thieiipretation of formal sets will differ depending o
the nature of the natural resource, water demamdls@cio-economic pressures.

7.2.2 Organisational arrangements

Institutions are therefore broader than just the@abisations involved in decision-making.
Organisations are a subset of institutions andiswally created within an existing web of instibuis
(Svendseret al. 2005). However, a first step in understandingitimsbnal arrangements is to identify
the organisations involved. These are usually ddidnto those involved in water resource
management (catchment planning, protection of #seurces, allocation of water between sectors,
infrastructure planning for large-scale water syppterventions) and those involved in water supply
and waste services (distribution of water for damesunicipal supply, waste water treatment). The
actual departments involved in these functions wiffer from country to country. Figure 7.2,
provides an example of the organisations involvedhe South African water sector. In terms of
mainstreaming natural infrastructure, the numbermfanisations involved would likely involve
much more than those with a direct water managementater supply mandate, and could include
departments involved in agriculture, environmeantathorisations, land use change, zoning and urban
planning. Establishing integration across theseadegents presents a barrier for implementation.
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Figure 7.2. Primary institutional relationships between orgatiobns within the South African water
sector (Pegram and Mazibuko 2068)produce with acronym explanations

7.2.3 Integration of institutions as a barrier toatural infrastructure

Institutional arrangements that support naturatastfucture require integration across multiple
organisations. Establishing these arrangementbdes found to be a key barrier to ecosystem based
approaches. Browet al. (2009) reviewed 53 studies drawing on local, meticand international
literature from the field of integrated urban watesinagement and other similar fields to identify th
main barrier to implementation. The review foundtttwhile multiple barriers were identified, the
most commonly identified barrier was the lack oft@ordinated institutional framework. These
findings have been supported by similar conclusiongon-urban environments (Svendsen 2005;
Cortneret al. 1998). There is a need to shift from traditiotiakar, ‘old-world’ approach to those that
are more adaptive, participatory and integratedwainidh recognise the totality and integrated nature
of the water cycle (Brown et al 2009).

Over the last few decades, the institutional areamgnts governing water have undergone significant
changes (Saleth 2006) some of which support motegrated approaches. This includes the
enactment of new water laws, policy reforms and #stablishment of new and restructured
organisations. Many of these changes have beenodugyr of purposeful reform rather than
institutional evolution. A key reform, relevant &cosystem services, is the shift towards the
establishment of integrated approaches to wat@uree management, sometimes terms Integrated
Water Resource Management (IWRM). While the condsptontested, the philosophy supports
catchment-wide and integrated approaches. Thewfwitp section provides an overview of how
IWRM approaches emerged within the water sectodddstanding these institutional histories is
important as institutions are path dependent, whielans that history does matter (Saleth and Dinar
2004). The directions and future path of changdiwithe sectors cannot be separated from past
histories. Understanding path dependency is impbita understanding future directions and the
potential costs associated with change. Undersigrttie evolution of IWRM also provides a context
for understanding why certain approaches to refaiwhich will be discussed in the final section.
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7.3 Evolution of water resource management institutions

Tracing back to early civilizations, and throughbistory, water has been closely association vii¢h t
development of human societies. The beginningrigfated agriculture traces back to 7000 BC, when
ancient civilisations were drawn to the fertilels@ind irrigation potential of riverbanks. The diage
basin formed the framework for the human settleroéetrly civilisations which guided the direction
of primary settlement, river navigation and the tean for irrigation works (Smith 1969). These
civilisations also developed hydraulic engineesngh as canal and storage systems for irrigatien to
degree that has not been surpassed until modegs.tim response, a single centralised political
authority evolved to maintain the canals and cdrib® distribution of water (Smith 1969). The local
impacts of this water use may have been signifibamt on a larger scale, river flow regimes were
largely unaffected (Svendsen al. 2005). However, as world populations grew, humamahds for
water expanded and urban concentration requiregtasing abstraction to meet agricultural and
industrial demands. Technological advances of ime - including concrete, steam and electric
power dredges, dynamiting equipment and partiouldmydroelectric power and long-distance
transmission—resulted in the transportation of wateer longer distances. Consequently, the 20th
Century saw a period of remaking and manipulatiatural hydrology to meet growing population
demand for domestic supply, sanitation, food, fileeergy and industrial needs (Svendséral.
2005). Expanding water supply was seen as thestasid most cost-effective solution as water was
relatively abundant and the environmental impaasewncremental and not immediately apparent to
society.

However, as the impacts of water abstraction wiemeifest in the natural ecosystems, livelihoods
were impacted, through declining fisheries and otfaural products. As societies and their demand
became more complex, so did the governance instrigmimat were required to manage them
(Svendsen 2005). Consequently, administrations wlesie previously only responsible for the hard
solutions of building infrastructure to supply wateshere required to pay greater attention to the
protection of ecosystems (Lenton and Muller 200%)is required the development of a new set of
skills and approaches that were beyond the ambiitadftional supply-orientated water management
institutions.

7.4 International influence on development of the river basin concept

In 1956, the UN Secretary General stated that rbasgin development is an essential feature of
economic development and that integrated rivernbdsvelopment would promote human welfare
(Saha and Barrow 1981; Teclaff 1991). Individualtevgprojects would not be undertaken unless
there were broad plans for the entire drainagenb@Béclaff 1996). The United Nations Water
Conference, held in Mar del Plata in 1977, encaedlagpuntries to consider “as a matter of urgency
the establishment and strengthening of river baamithorities” (Recommendation 48d). The
acceptance of catchment-based management was gmnréy the rising tide of environmental
awareness, which began in the 1970’s and led tertfergence of the ecosystem concept as a guiding
principle for resource management. Reynolds (188%ped the ecosystem approach as:

The anticipatory approach to planning of river hasand general problem solving that is
based on the knowledge of the operation and iné&iwaships of systems in nature and, in
consequence, the necessity of ecological behasiodidesirability of adoption of an ethic of
respect for other systems of nature (p. 41).

The growing acceptance of the ecosystem concepblachatural recognition of the river basin as the
appropriate management unit. The management of wedeurces at this level allowed all activities,
which affected the basin’s ecosystem, to be mantgedgh a more holistic approach.

7.5 Evolution of Integrated Water Resource Management

The 1990's, saw widespread evidence that much efirtfrastructure constructed for economically
beneficial purposes such as: flood control, hydvegro production, and irrigation, had caused
significant damage to freshwater ecosystems (Tet@®6). This initiated numerous projects that
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attempted to undo some of the ecological damageairidtiate a more integrated approach to water
management. The experts who prepared proposaisddsnited Nations Conference on Environment
and Development at Rio de Janeiro in 1992 specitfietl “integrated water resource management,
including the integration of land-and water-relategpects, should be carried out at the level of the
catchment basin or sub-basin level, taking intocoant existing inter-linkages between surface and
ground waters” (at 519, paragraph 20).

In 1992, the Dublin Statement on Water and Sudbténdevelopment made an important
contribution to supporting the principle that effee management of water resources demands a
holistic approach that links social and economiwetlgpment with the protection of natural
ecosystems (Teclaff 1996). Provoked by these canmdpieconomic, environmental and social factors,
the river basin became recognised as the mosbkubaganisational unit for water management.

7.6 Challenges to the concept of IWRM

IWRM therefore evolved out of these declarationsaasalternative to the single sector, top-down
approaches of the past. The concept is definechéy&obal Water Partnership as a process that
promotes the coordinated development and managesherater, land and related resources, in order
to maximize the resultant economic and social welfa an equitable manner without compromising
the sustainability of vital ecosystems (GWP 200Dgspite its initial acceptance, the concept has
received much criticism, as Merry (2008) arguesitivall respect to the Global Water Partnership,
Waternet, the World Bank, and most of the wateragament ‘establishment,’ it is time to abandon
Integrated Water Resources Management (IWRM) asi@degor implementation.” Others, notably
Biswas 2008, have argued that IWRM is simply unlesatr unimplementable, in operational terms.
There are accusations that despite much intelledelzate, the implementation of IWRM has been
minimal, even indiscernible in the field.

Lenton and Muller (2009) respond to this critigue fleviewing case studies that reflect IWRM
principles and approaches. The case studies fimdmmm elements to the approaches which
recognise:
* The unitary nature of water resources;
* The physical interventions that could be adoptemamage water resources;
* The limits to these physical interventions; and
* The need for an institutional framework that brsigkeholders together equitably and gives
voice to the weak as well as the powerful, thaksde achieve a balance of interests that
recognised the value of the water concerned, widiehtifies the environmental dimension of
water management as a separate use or as a desitabbme and which seeks to develop
organisations that are able to promote this ovamgroach (Lenton and Muller, 2009).

If IWRM is seen as a fixed prescriptive toolboxgué&ing implementation of all tools without
consideration of context and sequencing, then IWiBNMdeed an unhelpful approach (Lenton and
Muller, 2009). But referring to case studies acressles and geographies, IWRM should not be
viewed as a prescription but a framework or phipdgofrom which the problem of communities and
nations can be addressed in ways that differ flioendingle-sector approaches of the past. IWRM
cannot be seen as a blueprint for action but ratmeroperationalization of key principles that are
implemented through approaches that are best statéde political, physical and socio-economic
context of the particular water environment. Thenretions across a basin are not simply
hydrological and ecological but inherently socidipzal. Critically, IWRM should not be seen as an
outcome in itself but as an approach which requiregoing adaptation and review of interventions
and approaches that respond to on-going water reamagg challenges (Anderson et al 2008).

'See the protection of the Quality and Supply ofskr&Vater Resources: Application of Integrated Apphea to the
Development, Management and Use of Water Resoudcls,Conference on Environment and Development,néigetem
21, Ch 10, 1 at 22 par. 19, U.N. Doc. A/Conf.151/R0O/Add. Reprinted in 1 Agenda and the Unced Proogsd13, 519.
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7.7 IWRM and broader reforms

While IWRM approaches emerged mainly out of a gstide of environmental awareness and
dissatisfaction with the single-sector responsejrtdevelopment was also influenced by broader
reforms within public administrations, specificatlyose of decentralization. Of particular interisst
that at the same time as the concepts of IWRM \gaming momentum, major reforms in the public
sector were occurring. The emergence of New Pllidinagement (hereafter NPM) is defined as one
of the most striking trends in public administratigHood, 1991). The IWRM approach supports the
NPM logic of decentralizing activities to smallardamore logical delivery units that have autonomy
in delivering outcomes within a specified budgéaaition (Lenton and Muller 2008)These broader
government-wide reforms are seldom discussed inwter sector literature. Broader governance
arrangements are particularly relevant in the watector because water is a deeply political
commodity, consequently, “water management is iy political and embedded in a larger
institutional context” (Merrey 2008). Water managgr happens within the politically contested
space of scare resource allocation, implementeatlbyinistrative authorities that may have divergent
political agendas and --particularly in developoauntries-- limited resources and capacity to ¢ffec
change. Politics is often at the centre of the lgmob As Muller and Lenton 2009, argue, “one of the
challenges of promoting better water managemett do so in a manner which is compatible with
broader approaches to governance and public mamsgér(p 4) The following section will describe
the characteristics of the NPM reforms and how thay an influence on the delivery of water supply
services.

7.8 New public Management and Reforms in Water supply Sector

Although NPM is loosely defined, it is charactedsby a set of administrative doctrines that
dominated the reform agenda of public administratfom the 1970s onwards. Although the
approaches began predominantly in the OECD cousnttiK, Britain, Australia) they were also

prominent across developed and developing countridgferent forms. NPM emerged as a critique
of inefficient bureaucratic processes and soughinfmrove the provision of public service delivery
(Dzimbiri 2008). The approaches responded to thewigng dissatisfaction with a large rigid

bureaucracy that held excessive control over tba@oy and which was unable to delivery effective
public services. NPM includes reforms such as:

“increased autonomy for managers (letting mangeesage), accountability for results
(“making managers manage”), entrepreneurial manegenand a variety of market
mechanisms such as privatisation, contractingand,competition” (Deleon 2005, p. 104).

From the 1980s, NPM-type reforms were geared tosvdmhhancing efficiency, productivity,
improved service delivery and accountability” (Dbimh 2008). Hood (1995) argues that NPM
brought in a new approach to public managemeritjreinthe emphasis away from process, towards a
greater emphasis on accountability for results. Ntelught a specific focus on trimming fat and
“avoiding slack” (Hood 1995) and is underlined blues that emphasise frugality and efficiency,
with an emphasis on “keeping things lean and pwfoi’s(Hood, 1995).

NPM also supports the ideal of liberating publicnagers to have more discretionary power in
delivery outcomes, rather than following specifides (Hood 1991). A key characteristic of the
delivery mechanism was to unbundle services intedtalised units and to organise outcomes by
service or product. While many argue that the agghes reached their peak in the 1990s and are now
declining in emphasis (Andrews 2008), the impacthaf reforms are still felt and the approaches
bought in a new approach to public administration.

2 See Oats (1968)for a discussion on Decentralisation and budget reforms
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7.9 Implications of New Public Management to the water sector

The involvement of private actors in the water seatas one response to NPM reforms. In the 1990s,
many governments embarked on ambitious reformshef water supply and sanitation sector.
Specifically, public private partnerships (PPP) egad as a new approach to solving inefficient
public utilities. Between 1990 and 2009, more tB&0 contracts were awarded to private operators
for the management of urban water and sanitatiditiag in the developing world (Marin 2009).
Many of these contracts were highly controversiataduse of community opposition and mixed
results that were achieved. Consequently, muchefinitial optimism concerning private sector
involvement in the water supply and sanitation aebtis now faded (Schwartz, 2008). Since 2001,
there has been a decrease in the annual numb&Roténtracts awarded in the water and sanitation
sector and there is now a more cautious approaach &l stakeholders towards PPP contracts, seeing
them as only one institutional approach to watetaereform. Some argue (Marin 2009) that the
debate against PPPs was driven more by ideology dbgective results and that more performance
evaluation is required to assess the performarmede®f private sector involvement. In 2009, onty a
estimated 7 per cent of the urban population indéaeeloping world was served by private operators,
and so the public sector remains the main prowflerater supply services (Marin 2009).

However, despite the small number of people cuyresgirved by the private sector, the involvement
of the private sector, contributed to a changdérhanagement ethos of public water utilities. Many
utilities were reformed to be more commercial, @ligfh they remained publically owned. In some
instances, the reforms were introduced as preautsofull privatization (Dagdeviren, 2008) which
was never realised. Institutional arrangementsraadagement practices, usually associated with the
‘private sector’, were widely introduced (Swartz08). According to Schwartz (2008), the
commercialisation reforms in the water supply aagitation sector shared some the following
characteristics:

1. Increasing the level of autonomy of the utility;

2. Separating regulatory tasks from service prowisi

3. Creating quasi-competition in the water sector;

4. Increasing tariffs to cost recovering levels armleasing customer orientation; and
5. Increasing accountability for the results pragtuiby the utility (p. 50)

Although these types of reforms were common gldatilose that were most successful were those
types of arrangements that were adapted to soocioeegic context of the countries involved
(Anderson and Janssens 2011). The World Bank hfsedeits approach to privatization to
acknowledge that one needs to work through madwdsthe state and that one model does not fit all,
specific circumstances do matter (Fine and Bagida8).

7.10 The way forward for mainstreaming natural infrastructure

Influenced by changes in the public sector at lairggitutional arrangements in the water secteeha
faced significant reforms. An analysis of thes@mefs outlines three areas that can guide institatio
arrangements to mainstream natural infrastructure.

7.10.1 Understand the context

A critigue of both IWRM reforms and privatisatioeforms is that the implementations of new
approaches are often viewed as depoliticized psoc®@gater management happens within the
politically contested space of scare resource aflog, implemented by administrative authoritieat th
may have divergent political agendas and --paditylin developing countries-- limited resources
and capacity to effect change. Institutional areamgnts are deeply embedded within governance
framework and water management institutions anitieslare frequently contested and the outcomes
of political practices (Svendsen 2005). Past reforim the sector have shown that imposing
institutional models uncritically in vastly diffane socio-ecological settings seldom results in
desirable outcomes (Shah al. 2005). IWRM has been criticised because the bineprodels that
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were successful in many developed countries wepdieabuncritically in developing countries that
had vastly different conditions and challenges.hiMithe river basin, approaches need to be shaped t
meet the hydrology of the basin, the demographysaib-economic conditions and the institutional
arrangements (Shat al. 2005).

Based on Nobel Laureate Oliver Williamson (199%al$ suggests that there are four levels that can
be used to understand how societies adapt théituitiens to changing demands (Figure 7.3). Level 1
is defined as the social embeddedness level, ¢mgsisf customs, traditions, mores and religions.
Institutions within this level take a long time ¢bange because there is little deliberative, catedl
choice. The second level considered the institatiemvironment which is presented through formal
rules, constitutions, laws, property rights. Thisludes the rules of the game which can be changed
through deliberate action but which will likely &kime to reform. However, the rules of the game
may be different from how the game is played. Leékete is concerned with enforcement of contracts
and property rights. While the final level, is cermed with aligning incentives. Shah argues that,
particularly in developing countries, the waterteed¢ends to give insufficient attention to thesfir
level which results in new approaches being inatest with long standing norms and traditions.
IWRM is not implementable when it is seen as a @ipsve list of actions to be implemented
regardless of the context and embedded aspectsasuthdition and customs Furthermore, there is
insufficient attention paid to how these four lay@&ork together. For example, perfect institutional
arrangements will only make a difference on theugabif they are supported by realistic enforcement
mechanisms and incentives. Particularly in develgpmountries, there is often insufficient attention
paid to the practical difficulties associated withplementing ideal solutions that may have been
formulated in countries with more capacity and veses to support implementation.
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Figure 7.3: The four levels of how societies adapt their tngtons to changing demands. From Shah
et al 2005, based on Oliver Willamson (1999).

What precisely are the implications of the abovenfainstreaming natural infrastructure solutions?
Would one be to focus on levels L4 and L3 (in thersterm) which would suggest that promoting
“cost” aspects on infrastructure (L4) ??? (whistaih unsurpring conclusion) - and what exactly is
required re. L3?

7.10.2 Good enough institutional arrangement

IWRM reforms have been criticised for requiring tamich and for expecting too much integration
and for being too prescriptive in their responsderrey (2007) articulates a way forward by
proposing a more “problem-based” approach, whickolires “focusing on specific issues and
problems, prioritize them, identify options for @olg the highest-priority problems, identify the
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constellation of interested parties, actors antitirions, and negotiate a way forward.” He argues
that IWRM only offers a systems context to underdtéhe implications of certain solutions. This
approach is consistent with others working acrasislip sector reforms in developing countries.
Referring to work in establishing good governantealéveloping countries, Grindle (2004) argues
that the call for good governance as a precursopdeerty alleviation is unrealistic as good
governance reforms touch on virtually all avenukethe public sector. An alternative is to focus on
“good enough” governance which focuses on the semjong of key strategic priorities in the short
and long term. This approach accepts the need fmiole nuanced approach to how institutions
evolve and existing government capabilities. Thera need to be more explicit about trade-offs and
priorities in a world where all good things canmet pursued at once (Grindle 2004). In terms of
mainstreaming natural infrastructure, there is adn# focus on those activities that can achieve
results within a specific context. A good way taside a strategic approach is to recognise that no
matter how ineffective an institution may appeamnirthe outside, there are always processes or
approaches that work better than others within toatext (Grindle 2004). Starting with questions
that seek to fully understand why some procesgas\a results within a particular water context and
build on them is likely to be a more successful rapph than asking questions about how to
reformulate long standing institutional arrangerseattcording to a “formula” that may have worked
in a completely different water management context.

In order to mainstream natural infrastructure imtitutional arrangements in the water sectorew k
recommendation is to strategically identify thosechranisms that are likely to be successful within a
specific context and to sequence them realisticailligin the short and long term. As discussed & th
previous section, some approaches, such as ektaglisasin -wide planning processes which alter
land use practices, may only be successful withnapdete reform of customary land use arrangement
this may take decades to achieve. Other optior®d) ag tweaking certain designs within existing
traditional infrastructure to better service ecosys protection, may be more easily achieved in the
shorter term.

7.11 Performance management and measuring performance

The most interesting impact of NPM reforms is theeegence of the increased role of performance
management. Across all government agencies, pesfuren management processes and measures
have been increasing (Meir and Hill 2005). Perfaroga management requires target setting,
benchmarking and monitoring outcomes. As centrakgument services shift from implementation
to contract management, the role of governmeritésea from “creating public value” (Moore 1995)
to managing the performance and output of privatéos contracts or the outputs generated by other
public entities. Contract management and performamanagement have become of paramount
importance to government administrators. Publictaemanagers may now have more creative
freedom in achieving outcomes but they are hel dtear bottom line to reach specified outcomes. A
critiqgue of NPM is therefore that in an attempteémove bureaucratic controls, government’s role has
shifted to that of auditing and contract managen(itgier and Hill 2005). These pervasive reforms
to public sector institutions have implication the water sector. Firstly, as target setting becae
goal of government, targets are often definedrimseof achievable, easily quantifiable outcomes tha
can be obtained over a short time period. Furthezntargets that are defined within one government
department are likely to be more easily definedhwsupporting data than targets that require
cooperation and data gathering from multiple agencDefining specific, measurable outcomes of
natural infrastructure approaches, compared watthitional infrastructure, is particularly challengi
New built infrastructure can be measured with oftirect benefits, whereas the full benefits of
alternative approaches are more difficult to comitate across multiple government service delivery
agreements. Although the techniques associatedmetisuring the benefits of natural infrastructure
are improving, the inter-disciplinary technique® aifficult to coordinate and data collecting to
support the outputs is more time consuming for gowent administrators than single sector
responses. An important way to mainstream natofi@structure into public sector decision-making
is to develop ways to clearly demonstrate how tlaggeoaches achieve specific government targets.
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Secondly, as senior officials are given more freedo deliver outcomes, they may be freed of certain
type of administrative control. In some instancpayticularly in countries with weaker fiscal
management structures, the weakening of these aotentan lead to increased corruption as
government officials fall prey to “rent-seeking” gsivate companies seek lucrative contracts for
public service delivery. Of the US$11.1 trillionethworld is predicted to spend on energy
infrastructure between 2005 and 2030, US$1.9dnliis estimated to go toward hydropower (IEA
2006). These large amount of money can create tpptes for bribery and fraud and other forms of
corrupt behaviour. Civil works contracts are oftéentified as the largest budget line, accounting o
average for 60 per cent or more of total projettictv leaves the dam sector vulnerable to corruption
if insufficient controls are in place. Understarglimho is benefitting from existing arrangementarns
important gage to assess, realistically, what chsrage possible. In some instances, real changes in
how infrastructure is implemented will only happghen wider government reforms allow for more
transparency and budget accountability.

7.12 Conclusion

This chapter has provided a review of some of thermstitutional reforms that have taken place in
sectors that influence natural infrastructure immatation. Due to the integrated nature of
ecosystem-approaches, institutional arrangemeatsrgoortant components of successful integration.
To understand why these arrangements are estableshe the barriers and opportunities that they
present, it is useful to look at the history ofittgevelopment and to analyse them in the contéxt o
wider government reform processes. The water sétoow faced with increasing focus on market-
based approaches that emphasise performance marsigend decentralisation to improve
efficiency. To implement change within these aremngnts, three recommendations are outlined,
firstly, to understand the socio-political contektthe water sector, recognising the unique sauial
physical condition of each water basin, secondiyretcognise that establishing perfect governance
arrangements takes time and that strategic andewnedolving approaches are required to make
changes in areas where appropriate responses h@vecesults in a non-ideal world, finally, to
recognise the importance of monitoring performaaroe to understand how best to design monitoring
instruments that clearly communicate the benef#soeiated with natural infrastructure options.
Unless these can be communicated well within exgsgovernance frameworks, more widespread
implementation will be hampered by the increasirigedfor quantifiable results within public service
delivery.
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CHAPTER 8 Mechanisms for mainstreaming natural infrastructure
into infrastructure planning

8.1 Overview

This report examines the potential mechanisms requio mainstream natural infrastructure into
traditional infrastructure planning, with a specifocus on water infrastructure. The report iselas
on the premise that to stimulate interest in natafeastructure requires a good understandindef t
enabling mechanisms such as financing options] kega institutional arrangements and processes
such as catchment and infrastructure planning. iBhimportant for building a financial and business
case to encourage investment in and protectioratfral infrastructure such as wetlands, forests and
rivers (Talbertret al 2012).

Traditional water infrastructure development isgaily on the rise globally for various reasonshsuc
as the need for more water storage, hydropowemeter transfers (Krchnadt al 2011). Most of the
water infrastructure development is however envdatp take place in the developing world where
inadequate water infrastructure is a major problg@amdessus 2003). This presents both an
opportunity and a challenge, in terms of the negatonsequences of infrastructure development on
the environment and the opportunities of undergkinholistic approach to infrastructure planning
and development.

The need to develop a more holistic approach terstanding water infrastructure is compounded by
the fact that in many parts of the world, waterasfructure is crumpling, with most infrastructo
built to accommodate the current situation. As sultethere is renewed emphasis on developing
sustainable water infrastructure due to the intnggzopulation and changes in consumption patterns.
The principle of stationarity, which assumes thatttiations in natural systems only change within a
fixed range of variability, has played a key ralethe design of current water infrastructure system
(Milly et al2008). Stationarity does not however take int@maot changes brought into the system as
a result of human disturbances. Most water infuastire are not therefore flexible in their desigi a
might not be able to cope with uncertainties brawdiout by climate change and variability. To build
resilient water infrastructure, consideration sdahlerefore be given to the other dynamics thatare
play such as the role of natural infrastructurprioviding ecosystem goods and services.

Sustainable water infrastructure has become a foadtal principle of building resilience into water
infrastructure planning and development. Sustagalalter infrastructure in this context refers téhbo
the built infrastructure and the supporting natssatems such as wetlands, floodplains, groundwater
aquifers and the watershéBolger et al 2009). The challenge of the approach to sustainabter
infrastructure is that infrastructure is still latg viewed in terms of its engineering element, trel
challenges of quantifying the value of naturalastructure.

To fully embrace sustainable water infrastructureré are some key principles that need to be
adhered to. Sustainable water infrastructure &pally requires water systems to be highly adalgtab
by incorporating an element of flexibility to addseuncertainties, and a watershed approach that
takes into account the

Current enabling mechanisms for mainstreaming ahinfrastructure can be categories into four
main types: -
» Planning mechanisms (e.g. river basin planningfeiic environmental assessment
= Financial mechanisms (e.g. infrastructure charggs, grants).
= Legal mechanisms (e.g. land use authorizatiorendiong, conservation of resources).
» Voluntary arrangements between users to securécgydmds and services (e.g. conservation
easements or stewardship).
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8.2 Planning mechanisms for mainstreaming natural infrastructure

8.2.1 River Basin planning

River basin planning is widely used as a strat@gystistainable management of water resources, in
recognition of the critical role played by the eoviment in providing important ecosystem goods and
services. Human activities such as unsustainabid lase practices, over abstraction of water
resources and general degradation of the wateistemlvever negatively impacting the sustainability
of the ecosystem services that humans enjoy. Tdgddd to intense competition for the scarce water
resources as a result of increased demand attoleuia changes in consumption patterns, population
and climate variability.

8.2.2 Considerations for effective river basin plang

Some considerations in effective river basin plagninclude the following (Pegrasat al 2010): -

» Effective stakeholder engagement process in deigjdhe objectives and strategic options
for river basin.

= Transparency in information sharing and decisiorkingg with information in the public
domain and made available by the CMA.

* Integrated management, which recognizes the ietated nature of hydrological, ecological,
social and economic systems, in line with the matiovater policy and legislation.

= Adaptive management, which requires flexibility approaches to respond to unforeseen
circumstances or inadequate management decisions.

= |Institutionalization of the process by linking tgigting structures, developing water sector
participatory bodies and empowering stakeholders.

River basin planning is therefore a strategic raspoto identifying ways in which scarce water
resources in a river basin can be sustainably nemhgmeet the needs of the competing users. This
is very pertinent, because as the watershed isadedrthe distribution, reliability, timing and the
guality of water resources is compromised. As altésng term planning becomes critical to balance
these competing needs and for understanding thde-ttis between developmental and
environmental needs. In essence river basin plgnigsnabout recognizing the role of natural
infrastructure in meeting human needs, and hownsure that these infrastructure are sustainably
managed.

Approaches to river basin planning have evolvedegsignificantly, but the focus has generally been
on achieving multiple objectives such as food sgguenergy, transport and water supply. Basin
planning is relatively broad high-level undertakitigat results in a vision being identified for the
basin and acts as the basis for more detailed iplgndnderstanding the river basin planning process
may lead to effective integration of natural cdgitanfrastructure planning by:
= Assessing and prioritizing issues of concern tonb@aged within a basin.
= Deciding on the way in which these priorities sliobé managed to build resilience into the
natural infrastructure overtime.
= Specifying the way in which different competing poses (such as abstraction, hydropower,
environmental flows) may be implemented.

Considering that basin planning is a high levelcpss, the opportunity that it presents for natural
infrastructure is at the level of setting a visiand action planning, but the implementation of the
vision is often a major challenge. To overcome, thditional planning may be required to identify
practical steps for implementing the vision. Foample this may require the development of water
infrastructure to meet current water demands amfmrove its reliability. It's at this practical lel/
where incorporation of natural infrastructure beesrarucial.
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8.2.3 Some key challenges of river basin planning

= Implementation of a river basin plan is often aanahallenge, because of their broad nature
that does not lend them for use in implementatipecsic programs on the ground, often
requiring additional planning.

= Balancing the competing interests of a broad ramigstakeholders can be very complex
process. This requires river basin planning to dredacted by highly skilled personnel with
excellent negotiations skills, and good understaydif stakeholder engagement processes.
However in many river basins lack of capacity prés@ major hurdle.

= Overlaps in boundaries and mandates can potentaligil the implementation of a well-
designed basin plan. Political boundaries and nshgégls do not overlap in most cases, which
complicates the process of basin planning and taffedmplementation. To overcome this
challenge may require the establishment of a fraonewhat may include a legal agreement
or compact for different political jurisdictions teork together.

8.2.4 Strategic environmental assessment as a tmofmainstreaming natural infrastructure

Strategic environmental assessment is a decisitinmé#ool ensure environmental considerations are
mainstreamed at the highest level of policies,slagjon, strategies, plans, and programs (PLSPP)
(Hirji & Davies 2009). This arose as a strategy dddressing the ineffectiveness of environmental
impact assessment (EIAs). Because EIAs are designedaluate the impact of a project within a
very specific context, it fails to incorporate theoader spatial and temporal related impacts that a
project might impact on the landscape. SEA theeefgeks to ensure that a holistic approach is
undertaken in evaluating the impact of a projecth@nenvironment and for decision- making.

SEAs have been used for different purposes depegrairthe context in which it is being applied. For
example at the national and transboundary levedy thave been used to develop a shared
understanding of environmental issues, identifyisgues for more detailed EIA assessment and
developing investment plans (Hirji & Davies 2009ther examples for which SEA could be used in
relation to the water sector include; developingational or water sector policy, enacting water
legislation, drawing up river basin plans, estdidig a basin institution, formulating and
implementing a national water supply, irrigationesrergy master plan, identifying hydropower. In
essence, SEA is a tool for decision makers to wtaled and manage the trade-offs between
development and environmental and social conceitiénva given context.

It's therefore self-intuitive that SEA provides ookthe most robust tools for mainstreaming natural
infrastructure at a strategic level, where the begiortunity lay for developing guidelines, straésg
and financing mechanisms. Once a decision hasrfeaehed such as the commissioning of a specific
water infrastructure it becomes very difficult tdfeetively incorporate natural infrastructure
considerations at the project level.

8.2.5 Traditional infrastructure planning

Even though the best opportunity to securing natofeastructure is at the strategic level of pmE&

and strategies, traditional infrastructure can hmlifred to be more effective in protecting natural
infrastructure. According to a recent study by Matk et al 2011, natural infrastructure
considerations can be incorporated at 3 key levbEn planning for water infrastructure (Figure 8.1)

Project identification phase.At this very early stage, consideration shouldylyen to whether such
water infrastructure is needed in the first plaespecially if it is going to be a large water
infrastructure that will have massive environmeatadl social implications. Issues to consider & thi
stage is optimization in the use of current infiasture through effective water conservation and
demand management, or building the infrastructarstages as climate change trends become more
clear to build resilience into the infrastructukéathewset al 2011).
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Implementation phase An important undertaking at this stage shouldheeexplicit incorporation of
natural infrastructure such as ecosystems intartinastructure development (Mathews al 2011).
This can be achieved using several interventioreh sas floodplain restoration, or the use of
bioshields for flood management.

Operations and maintenance phaseExisting infrastructure also lend themselves tmlification, by
incorporating flexibility into their operations take account of uncertainty brought about by clenat
change. Existing infrastructure could also be medijfthrough a process of redesign by retrofitting,
relicensing and reassessment of the projected rmndred environmental impacts (Matheefsal
2011).

Reduce the vulnerability of the

Consider alternatives to Explicitly integrate ecosystems into infrastructure and its ambisnt
building new infrastructure, infrastructure development. ecosystems over the operstional
—r lifetime of the project.

—_—

1l

y

7

i 7
+Project [dentification «Cperation/ reoperation
sFeasibility Study = Monitoring
{including =Detailed »Evaluation
enviranmental impacts) engineernng/design
*Project approval and =implementation
financing

\ Project identificaticn L r Osstn
Phasa YT

Redesign

sRetrofitting
sfolicensing

sReassessment of
projected, incurred
environmental impacts

Figure 8.1 Proposed actions for how natural infrastructuma be mainstreamed into engineering
water infrastructure (source: Matheetsal 2011).

8.2.6 Key issues associated with planning engimeginfrastructure

* The long term strategic planning required for dep&lg water infrastructure offers a good
opportunity for holistic approach that effectivahgorporates natural infrastructure.

» Effective real options analysis presents usefubomity for analyzing the cost effectiveness
of incorporating natural infrastructure, and howrtodify existing infrastructure.

= Most of the infrastructure planning are too engimegfocus and barely make consideration
for environmental and social dynamics to be underst

= There are no well-established metrics and framesvdok explicitly incorporating natural
infrastructure into traditional infrastructure phamg.



Report of the expert group on the role of biodiitgris sustaining the water cycle Pagell18of 179

8.3 Financial mechanisms

Public sector infrastructure finance is almost gisvaoncerned with three types of investment: new
build to cater for increased demand and extendi@emwices, refurbishment and backlogs to cater for
existing users and overdue investment; and opesadod maintenance (O&M). Each of these may
attract different funding sources and require dgfe financing mechanisms.

Within the water sector there are two distinct gatees of infrastructure — water resource
infrastructure, and water services and sanitatidrastructure, including wastewater management.
Once again, the financing mechanisms may differ tfeg two categories, due to the different
institutional environments and different fundinguszes. However they are also inter-linked through
the value chain for water.

Regardless of the type or category of infrastrgttinere are only three ways to pay for it — taxes,
transfers (grants, donations) and tariffs. TheeghT's’ were put forward by the World Panel on
Financing Water Infrastructure (the “Camdessus Paestablished in 2001). A critical determinant
of which one takes precedence is the extent totwthe infrastructure is of a social or economic
nature. Economic infrastructure is infrastructutgere the investment can be recovered from users
(tariffs), whereas social infrastructure will bdiaat on fiscal funding (taxes).

Whilst the sources may be limited, there are aetyawf mechanisms that can be employed to match
the cashflow of these sources to the cashflow redquio fund the establishment (and subsequent
operations and maintenance) of the infrastructufeese mechanisms include the use of debt and
equity from a range of institutions (private, pebimulti-lateral, etc.). Private sector involvernean
range from equity investment to long-term concessio

For this review, financial mechanisms for enablsugtainable water infrastructure were assessed as
follows: 1) current approaches to financing waitgfrastructure, specifically hard engineering
infrastructure at the global, regional and natiolealel 2) traditional streams of funding such as
private finance, infrastructure charges, and 3pwative financing mechanisms such as payments for
environmental services. The emphasis of this asaldl be on trying to identify the potential
opportunities where natural infrastructure couldddi through such financing mechanisms.

8.3.1 Financing water infrastructure at the globatale

Multilateral and bilateral agencies (Overseas dgwekent aid) are traditionally the major sources of
funding for large water infrastructure such as daespecially in developing countries. Due to the
environmental and social impacts of large dams hewethere is a general reluctance of donor
agencies to fund these kinds of projects, with ptioa of water provision and sanitation.

Funding by global players is not immune to otheemxal drivers, the recent global economic crisis
for example had a major impact on infrastructunariicing, The World Bank is estimating a finance
gap of $270 billion per year in infrastructure furgl While other large existing infrastructure will
experience a shortfall of close to $70 billion nhp#t developing countries. It is therefore clelatt
relying on global finance alone for funding infrastture can be risky.

In terms of water infrastructure the World Bankirastes that 900 million people globally don't have
access to safe drink water. The challenge therefereains enormous in trying to meet the
Millennium Development Goals (MDGSs). In an attenbptmeet the infrastructure challenges faced
globally, between 2003 and 2008 the bank’s lentlingfrastructure related spending grew by almost
88 percent. This expenditure was further scalet/len the World Bank through itsfrastructure
Recovery and Assets (INFRA) platform and International Finance Corporation’'s (IFC)
Infrastructure Crisis Facility (ICF), launched a $55 billion facility to finan@grastructure projects
developing countries for a period of 3 years.
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The EU on the other hand, supports 60 developingtci@s in the water sector, most of them located
in Africa and Asia. The focus of the support is water supply and integrated water resource
management in addition to political engagement.2006 the EU established the EU-Africa
Partnership for Infrastructures. This project amotiters focuses on the management of cross-border
catchment areas, flood defense, capacity buildmbveater resource monitoring.

8.3.2 Financing infrastructure at the regional lea/

Key players in financing water infrastructure a tiegional level are through development banks and
bilateral arrangements. These entities play acatitiole in financing out of budget projects, and
borrowers that cannot access funding from commletmdamks (OECD 2010). Financing from
development banks is structured similarly to conuiaérbanks, but generally have lower interest
relative to the market, have longer time frames emstomized repayment periods (OECD 2010). In
addition providing financing, most development tmoker advisory services, which are structured as
grants and loans to their clients to support ptojganning, implementation and its sustainability.
Some of the major players include: -

= The Inter-American Bank,
* The African Development Bank (AfDB),
= The Asia Development Bank (ADB).

Apart from development banks, bilateral agencied #re key for financing infrastructure at the
regional level may include entities such as Agetied-rancaise (AFD), United States International
Development Agency (USAID) anesellschaft fur Internationale Zusammenarb@z). For
example between 2009 and 2010 AFD spent close@06 fllion for financing water infrastructure
(Fig. 8.2).
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Fig. 8.2. AFD Commitment in Africa by nature ofiiaétructure (Moineville 2011).

8.3.3 The role of national governments in financingater infrastructure

National governments remain the main sources dalifighwater infrastructure globally. This means
that the burden of water financing still lays mgstiith the tax payers not users, resulting in pewe
outcomes such as poor sense of water conservatidndamand management, requiring more
investment in water infrastructure. Developing rtoies have therefore generally relied on public
expenditure to finance water infrastructure, spedlify capital cost. Developed countries on thesoth
hand, have well devolved funding infrastructure eledhat rely extensively on well functioning local
authorities who are responsible for raising thaurfice for water infrastructure through market based
mechanisms such as borrowing from commercial baniisissuing of Municipal bonds.

In South Africa for example most infrastructurefisanced through public funding (Fig. 8.3). The
public sector funding is generated through infrattire grants and water sector pricing (charges,
tariffs, levies). For first generation water infrasture the funding was primarily from the natibna



Report of the expert group on the role of biodiitglin sustaining the water cycle Pagel20of 179

budget, moving forward however other innovativedimg mechanisms might need to be explored
(Ruiters 2010).
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At the local level Water Boards can levy tariffs water users, which in some countries like South
Africa are legal entities and financially self-gaigént. Such water tariffs are levied on local
Municipalities for the supply of bulk raw water. helation to funding water infrastructure, water
tariffs at the local level primarily serve the pose of financing regional water infrastructure.

8.3.4 Private sector financing

The private sector is a key player in the finanafgvater infrastructure, but unfortunately the evat
sector is still viewed as a high-risk area and bBemcattractive to funders. The risks in the water
sector are associated with the perception thatrein investment is not immediate, which requires
long-term commitment. Even though the return oregtment in the water sector can be guaranteed
for a long time, private sector participation ir tvater sector is generally disappointing. In a M/or
Bank Study on the track record of private-publiatpership, it was found that private sector
investment in water infrastructure is generallyitéed compared to other infrastructure, representing
5.4% of total investments between 1990- 2000 (OE0MDO). The role of the private sector in the
water sector is somewhat different for Organization Economic Cooperation and Development
(OECD) countries, which has seen an increase iticygation by the private sector in water services.
This represents a trend in the private sector vidyepgivate investors are opting for low risk short-
term arrangements with minimal investment. In abseof the international private finance, some
strong regional players have emerged to fill thgdvin servicing the water sector, leading to
successful establishment of public utilities acradbs developing world in countries such as
Cambodia, Uganda and Mozambique.
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8.3.5 Innovative financing mechanisms: Payment fdEnvironmental Services

Payments for environmental services are innovdtimeling mechanisms designed to recognize the
goods and services that accrue from the environmatersheds provide important services, which
include provisioning services (e.g. water supplggulatory services (e.g. flood attenuation)
supporting services (e.g. biodiversity habitats) anltural services (e.g. aesthetic enjoyment) i@ab
8.1). Due to the very nature of watersheds howekiese services are seldom valued because they lie
outside the domain of markets (Postel & Thompsobb20This view is starting to change with the
advent of the concept of payments for ecosystemcss.

Table 8.1: Ecosystem goods and services providetdajthy watersheds (Postel and Thompson
2005).

=  Water supplies for agricultural, industrial, and urban-domestic uses
=  Water filtration/purification

= Flow regulation

= Flood control

= Erosion and sedimentation control

= Fisheries

= Timber and other forest products

»= Recreation/tourism

» Habitat for biodiversity preservation

= Aesthetic enjoyment

= Climate stabilization

= Cultural, religious, inspirational values

There are several mechanisms for implementing patsm®r environmental services (PES) at the
watershed level as a form of economic incentiveséoure the critical services provided by the
watershed. Payments for watershed services usualblve downstream beneficiaries making a
payment to upstream landowners as an incentivedieqt the watershedThese types of payments
can be categorized into three main types (Hansat @0al 2009; Greiber 2009):

* Private transactions

= Cap and trade transactions

= Payments made to generate public benefits

8.3.6 Private transactions

The private transactions referred to here are ‘atyrpayments made by downstream beneficiaries of
an ecosystem service to upstream providers ofgéhdéce. This typically involves paying landowners
upstream to maintain the watershed in such a wap avoid any negative impact on downstream
water users such as altered water quality, reduatictream flow or flooding. Another characteqsti

of these private PES transactions is that in scasescthere is cost sharing among the private partie
involved and if a land purchase is involved upstred may be leased back to the owner with the
objective of ensuring the protection of the watets(Greiber 2009). In cases where the transaction
with the upstream landowner does not involve leaghe land, they may get paid to undertake
restoration activities on the landscape such asigp protection and changes in agriculture prastic

8.3.7 Cap and trade transactions

These types of transactions are based on exigghtsrsuch as pollution or abstraction limits, and
trading scheme is then established to trade thgkesr In these transactions credits maybe issyed b
an authority to a particular individual who engagean activity that results in a watershed probegt
such as pollution control. The individual who owthe credits can then choose to sell them to any
person who is embarking on an activity that migisuit in them exceeding the limits of the pollution
requirement as set by the regulator. There areralegramples of cape and trade schemes globally,
mostly notably the United States Clean Water Atticlv has a wetland-banking scheme. The wetland
banking scheme requires landowners who damagentsti® offset that by restoring and protecting
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other wetlands either on site or elsewhere. Indbjsroach players therefore have to purchase sredit
in order to meet their mitigation obligations (Grei 2009). Cap and Trade schemes can be rather
complex, requiring some clear guidelines as outliog Greiber 2009 below: -
» Clear definition of those activities that have gatéve impact on ecosystem services and thus
lead to mitigation obligations;
= Development of transparent standards to quantéyutit of exchange (e.g. based on their
actual value and/or function, or based on the aim#or geography of the concerned land);
= Determination of units of restored, created, enbdrar preserved ecosystem services which
will be converted into tradable credits;
= Establishment of procedural frameworks for openmgnaging and closing mitigation banks,
for protecting the resulting ecosystem servicgeirpetuity, and for ensuring fair trade;
= Creation of insurance and liability systems to gasge long-term offsetting and stewardship
success.

8.3.8 Payments made to generate public benefits

Payments that are made for public benefits constim arrangement where a government entity is
involved, and may include collecting fees, landghase or granting of rights to use land resources
(Greiber 2009). These arrangements mostly involuaibipalities, local government and utilities.
This is the most common form of PES, because ositlhlicity of its set up, where the public entity
is the sole buyer or seller of the ecosystem servic

In cases where the government is the purchasenabf scosystem service, it may take the form of
engagement that ensures the protection of ‘puldlarlg and services’. For example government may
pay landowners to protect a watershed to yield fitsrte the general public as opposed to designated
groups such as those involved in private PES trdioses. Public goods are generally under funded
because they are benefits that are enjoyed bgradlwatershed payments can be a useful mechanism
for boosting such areas (Hansstral 2011).

There are several examples of regulator driven &#®mes, such as the widely implemented land
stewardship programme under the United States Depat of Agriculture (USDA). Under this
scheme private landowners sign agreements the ryoeett authorities to ensure that they conserve
the natural resources in their private lands, sashwetlands, soils, floodplains and forests. The
government will in-turn pay the landowners for urtdking such conservation activities.

Another widely cited example of is that of the ®dls watershed in New York City, where the
authorities opted to conserve the upstream watdrakean alternative to building additional water
treatment plants. To-date more than $1.5 billios keen spent by the city to sustain the criticabwa
supply services provided by the Catskills watershBae payments in this scheme are directed
towards forest conservation, habitat rehabilitateord the creation of green corridors to link up
reservoirs. Investing in this green infrastructiunened out to be way cheaper than the construction
a water filtration plant.

8.3.9 Voluntary /Jon-financial mechanisms for conservation

Most voluntary mechanisms for conserving naturapiteh have some element of financial
compensation (Rissman and Syre 2011), as discuss#el the financial mechanisms. However,
there are cases where private landowners voluntgiile up their land for conservation purposes,
without expecting any compensation. This may beh& form of donating the land itself to a
conservation organization, where for example int&oAfrica, the World Wide Fund (WWF) for
Nature, owns large tracks of land, which has bes#untarily donated by private landowners through
endowments for conservation purposes. In some clasE®wner may enter into a long term
agreement that prescribes specific land use aeswuiut the owner retains the land tittle, andefore
ownership of the land.
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Voluntary mechanisms for conservation can also thkeform of government-assisted community
programs. In this case the government works witlcal communities to protect critical ecosystems,
raise funds to purchase land or make arrangememtd-management of conservation lands.
Government assistance to such community consenvatiograms may include provision of money,
training or the setting up of conservation group®ehanet al 2000).

8.4 Legal mechanisms to ensure protection / consideration of natural
infrastructure

The legal mechanisms for protecting natural infradtre vary widely in different parts of the warld
which can however be broadly categorized into dlobgional and national legal frameworks.

8.4.1 Compliance with international and regionaneironmental agreements

Many countries have international obligations fdrieh they have committed and would need to meet
their international obligations. Some key interoa#il conventions such as the international
convention on wetlands (Ramsar) and the ConventaonBiological Diversity (CBD), have
obligations that need to be met by signatories sashthe listing of wetlands of international
importance under Ramsar and the requirement by foBDountries to develop national biodiversity
strategy and action plans (NBSAPs), all providearpmities for protecting natural infrastructure. |
an assessment carried out by in the Pacific Isl@Rdsman & Sayre 2011), they however found no
evidence that countries in that region are meetivaiy international obligations under the various
conventions that they have committed. The poor rieaf meeting international obligations is
attributable to lack of capacity in that region @hd same can be said of most developing countries
where both financial and human resource can bejarmanstraint. In the developed world, the lack
of compliance in meeting international agreementgdtbe attributed to the political implicationg fo
such a decision. For example, the recent introdoadf carbon taxes in Australia is going to be a
major topic of political debate in that countrytlivmajor implications for elections.

8.4.2 National level legal instruments

There is a broad range of legal instruments atrhgonal level that govern natural resources
management. Even though these arrangements vaaglpranechanisms for natural infrastructure
range from the constitution to legislations, p@gand strategies and action plans.

8.4.3 Constitutions

National constitutions are the highest level atolimatural resources can be protected, as evidenced
by some countries that have declared the righteathy environment a human right (RSA 1996).
The national constitution is however a very broaghl instrument that defines a nation by asserting
its sovereignty, powers and basic legal princigléseiber 2009). Due to the very nature of the
constitution, they seldom make references to sigecdtural infrastructure, such as ecosystems that
need to be protected. But in some cases like tlwhS&frican constitution, the bill of rights clegrl
stipulates the following “everyone has the righatoenvironment that is not harmful to their heaith
well being, and to have the environment protectedihe benefit of present and future generations,
through reasonable legislative and other measyRSA 1996). In this case the constitution makes a
clear provision for sustainable development by gnguthat natural resources are managed
sustainably for future posterity. Even though maayntries may not make such explicit reference to
environmental protection in their constitutionsgythhave some form of legislation that governs
environmental protection.

8.4.4 National legislations

National legislations are the vehicle through whéckountry can put into effect the provisions and
rules that have been broadly outlined in its cauitin, and it is through these legislations where
provisions for supporting natural infrastructure atearly defined. The legal mechanisms that may
arise could include the following: -
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= Conservation of resourcesThese legislations that govern natural capitahsas biodiversity
or water resources. Under this category various #ett govern natural resources protection
can be defined, such as the establishment of peoteareas and the implementation of
environmental flows.

» Land authorizations. These legal mechanisms that define land useitésivn particular
area to ensure a strategic approach to how lamdiness are managed, for example areas that
are designed for agriculture may not be converted a residential area unless a specific
procedure is followed authorize a change in thérgpaf the landscape.

= Licensing mechanismsThese are provisions that require sustainableagement of natural
resources through the implementation of user liegssich as water use license for big users,
or the issuing of mining license. Licensing may mgdtovision for specific conditions that
minimize environmental impact to be met, such as whdertaking of an environmental
impact assessment (EIA).

» |ntegrated planning. These are legislative measures that recognizetbeeonnected nature
of the landscape, and the need to balance econemdsonmental and social needs at a
strategic level. Under these legislation, it migiquire integrated planning at the local level
through the development of integrated developmims(IDPs), for Municipal authorizes to
ensure that a holistic approach is taken in trygnmeet development goals at the local level.

It is important to note that national legislatiagige rise to mechanisms that sit in different maesia
which presents both challenges and opportunititiseasame time. In many countries for example the
water and environmental mandates sit under differaandates, without effective cooperative
governance and policy coherence, such arrangemeytgprove to be a major constraint to effective
management of natural infrastructure.

8.5 The wole of resource owners

Landowners play a critically important role in sopjng natural infrastructure, because a lot ofilan
of conservation value is private hands, and theudé and willingness of landowners in supporting
natural infrastructure become paramount. For exarti@ voluntary mechanisms outlined above and
payments for ecosystem services cannot be impledevithout willing landowners.

Under this mechanism, the key drivers are relabetsdues of property rights and how that might
influence private landowners to participate in vaéry mechanisms for protecting natural
infrastructure. Some countries have legislatioat threscribes the responsibility of landowners
towards securing their pieces of land. In Southcafifor example the Conservation of Agricultural
Resources Act (CARA) requires private landownerrémove alien invasive species from the
properties, particularly those that contributetteamflow reduction along riparian areas.

8.6 Conclusions

Natural infrastructure supply important ecosystemvises and goods that are critical for the suilviva
of humanity, and this important role is increasingjetting recognized. But challenges of
incorporating natural infrastructure fully into ddepmental frameworks still remain. Developing
understanding of the possible mechanisms for nmraiasting natural infrastructure, especially those
related to water security is vital because of theptial global threat on water security, as pojis
increase compounded by climate change. This regought to broadly sketch out some of the key
mechanisms for supporting natural infrastructure #ieir role in providing water security, ranging
from planning to the implementation phase, andtified some levers where natural infrastructure
can be supported. The key mechanisms identifiethraradly categorized into planning, financial and
voluntary and legal mechanisms. Each of these nmésing present a varying degree of complexity in
the ease with which natural infrastructure can lansireamed, but the key message is that to
effectively mainstream natural infrastructure regsi a multiple pronged approach to identity
opportunities by taking advantage of all the medraa available at ones disposal. It was also
apparent from the review that progress has beene madunderstanding the role of natural
infrastructure, and there are innovative case stutleing implemented globally, the key challenge
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however is scaling up these innovative approachesder to bring about large scale change on the
ground. Developing understanding on the type fraonksvrequired to scale up innovative approaches
both horizontally and vertical could therefore beuseful way forward in developing support for
natural infrastructure.
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CHAPTER 9 The Extent of Incorporation of Natural Infrastructure
into IWRM

9.1 Introduction

Water managers have to deal with increasingly cerplater issues. It is difficult to think of a more
crucial resource to human life than water. It isWn that a strikingly small fraction (0.26 perceot)

the world’'s freshwater resources is readily actéssfor human use (Shiklomanov, 2000).
Nevertheless, water is one of the most overexmlaited deteriorated natural resources. The majority
of rivers in the world are severely affected byhanpogenic activities. This is manifested through t
alarming decline of freshwater species. For examplés documented that 27 percent of North
American freshwater species are endangered (Gl2@83). Substantial flows in many waterways
such as the Nile, Huang He (Yellow), Amu Darya &wiDaria and Colorado rivers no longer reach
their deltas (Gleick, 2003). Both developing angaleped countries suffer hydrological extremes—
such as droughts and floods—which are projectdgeémme more frequent and severe due to climate
change. Furthermore, meeting the basic human raeddter remains a massive challenge in many
countries around the globe. More than one billiengle lack access to drinking water and around 2.4
billion suffer from poor sanitation (Gleick, 2003otably, in India more than 600 million people do
not have access to toilets, and around 97 millibthem live in a water-stressed region (Narain,
2012). These ecological and social impacts arkirsgrievidence that the current approaches to water
management fall short in achieving a sustainableemwase. The prevailing approaches to water
resource management in the past century—engineampgoaches (wastewater treatment plants,
dams, dykesetc. )— were developed to provide various significkehefits to people. For example,
reservoirs, created by dams, serve multiple beaéfipurposes, including irrigation for food
production, water for consumption, hydroelectricitjjood control, and navigation. However,
technical approaches to water management lackirgfutaonsideration of ecological processes have
negatively impacted ecosystems, undermining natucapacity to generate not only water-related
goods and services such as water provision, wat#igation, flood control, and climate stabilizai

but also carbon sequestration, fisheries, erosimh sediment control, and recreation (Postel
&Thompson, 2005) . There is ample evidence of rivempoundment causing significant
environmental harm ranging from the disruption afumal river flows to greenhouse gas emissions,
from habitat loss to species extinctions (WCD, 200Gson et al.,2007). Furthermore, impoundment
has numerous negative social impacts, especialiipvnstream communities dependent on fisheries
and flood-based agriculture for their subsisteiRietteret al, 2010).

Hard infrastructural measures generally exhibit liigh maintenance costs and the risk of degraded
performance over time (WWAP, 2012). The deficit€imnada’s municipal infrastructure are a case in
point. Shockingly, more than 60 percent of thearas wastewater treatment facilities were unfit to
continue operating in 2003 (Sandford&Phare, 20Fipancially speaking, billions of dollars of
investment in water and wastewater facilities aauired (30- 40 billion for the province of Ontario
alone) to remedy this situation. According to then&dian Water Network, Canada’s infrastructure
maintenance deficit is $88.4 billion (Sandford&RhaP011). Clearly, Canadian municipalities can
save money if they improve not only their builtregtructure, but also natural infrastructure t@ines
their water issues, in other words, if they incogte ‘green’ solutions into their water management
practices.

Given the maintenance costs of built infrastrucamd looming challenges in water distribution, éher

is heightened interest in using natural infrastritetsolutions for water management (WWAP, 2012;
Coates & Smith, 2012). In essence, natural infuaiire solutions are measures directed to enhance
ecosystem functioning and the provision of ecosygsservices (Coates & Smith, 2012). They are
based on the understanding of the imperative rblaadliversity and ecosystems in the water cycle
(Coates & Smith, 2012). Ecosystem protection ersabkgure to regenerate; therefore, ecosystem
preservation presents a natural infrastructuretisolon its own. There is growing scientific eviden
that shows the pivotal role of biodiversity in tiwdrological cycle (Coates & Smith, 2012).
Ecosystem functioning, and inevitably, the provisiaof ecosystem goods and services depend on



Report of the expert group on the role of biodiitgri sustaining the water cycle Pagel27of 179

biodiversity. Forests (and other land-cover types), and wetlands are major components of
ecosystems, and can be considered as natural iwhtestructure (Coates & Smith, 2012). There is
increasing scientific evidence supporting the eaitrole of biodiversity in ensuring water security
* The role of wetlands in water purification/filtrafi/ flow regulation, etc.
» The importance of good soil quality in erosion aediment control, groundwater recharge
* The role of land cover in water supply (throughaloclimate regulation), soil stability, etc.
(Coates & Smith, 2012; Jewitt, 2002; Ashtiral.,2005).

Many researchers highlight watershed protectioa lamng-term sustainable solution to complex water
problems, thanks to the array of valuable ecosysgeomds and services that healthy watersheds
provide (Postel& Thompson, 2005;Jewitt, 2002; Tur&Daily, 2008). Natural infrastructure
solutions are cost effective options for water siéguResidents of Colombia’s capital, Bogota,
receive the majority of their drinking water frommeetland located in the Chingaza National Park.
The water is protected by the public water utilityith minimal treatment” (Postel& Thompson,
2005). This remarkable natural infrastructure “abspfilters and releases” water of drinking qualit
of sufficient quantity per unit of time “with ligd seasonal variation” (Postel& Thompson, 2005)sThi
helps significantly reduce the water treatment £oBbstel and Thompson (2005) illustrated this
finding in industrial countries’ watershed protecti They showed the results of the analysis of 27
U.S. water suppliers and pointed out that thesco$tobtaining drinking water from watersheds
covered by at least 60% forest were half that @fo3vatersheds and one-third that of 10% ones
(Table 9.1).

Table 9.1. Forest cover and predicted water treatent costs based on 27 U.S. water supply
systems*Source: Adapted from Ernst (2004). In Postel& Tpeon, 2005.

*Based on treatment of 22 million gallons (83,278)per day, the average daily production of the
water suppliers surveyed.

Share of water-  Treatment costs Average annual Cost increase
shed forested per 3,785 m’ treatment costs over 60%
forest cover

60% 37 $297.110

S0% $46 $369,380 24%
40% $58 $465,740 5T%
30%% $73 $586,190 07%
20% $93 $746,790 151%

10% $115 $923.450 211%
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It seems to be an increasing trend that many Wi8s @re shunning expensive filtration plants in
favor of lower expenses on watershed protectiobl€ra.2).

Table 9. 2. Selected U.S. cities that have avoidednstruction of filtration plants through
watershed protection .Adopted from Postel&Thompson, 2005.

Metropolitan area Population Avoided costs through watershed protection
(thousands)
New York City' 9,000 $1.5 billion spent on watershed protection over

10 vears to avoid at least $6 ballion in capital costs and
$300 million in annual operating costs.

Boston, Massachusetts* 2300 $180 million (gross) avoided cost,

Seattle, Washington® 1,300 $150-200 million {gross) avoided cost,

Portland, Oregon® 825 $920,000 spent annually to protect watershed is avoiding a $200 million capital cost.

Portland, Maine! 164 § 729,000 spent annuallv to protect watershed has avoided 525 mallion in capital
coms and $725,000 i operating costs

Sy, hMew Yook 150 $10 millon wasershed plan 15 avosding $45-60 mifion m capial cons

Aubum, Mane' P 570,000 spent to acquire watershed Land 15 avoading 330 million capital cost and

$ 750,000 1n annual operating costs

Nodes!

* The City ts currenstly being required bo construcl @ $687 million filtration plant for the more-devieloped Croton walcrshed, which ampplies aboul 10% of
the city's waler. The filteation waiver applies (o e CatckillsDelownee watershed, which supplies about %% of the coty’s water (NRC, 2000)

" U5 v, Mazsechurers Wnter Revources Awthoniy | 2000)

! Supply from Sesttle’s Ceddr River watershed is infiltered, bt that from the Tolt watershed is now filtered (Flagor, 2003)

* Read (2001).

* ECONonthwest (2004).

" Emst (2004)

More water managers are acknowledging the costtefeness, achievement of long-term goals and
co-benefits associated with the improvement of otexi ecosystem services, such as recreational
benefits, greater biodiversity and higher crop fisldl yields. In fact, there are many cases wheee th
protection has been established because of satbggavater supplies alone. For instance, the World
Bank loaned Indonesia $1.2 towards the establishofeDumoa-Bone National Park. This loan was
granted due to the benefits the park had on iidgatrojects in the lowlands (Turner&Daily, 2008).
In Honduras, protection status was given to Lada ijational Park due to the benefits it provided;
namely, its cloud forests led to the generatiod®percent of their capital's water supply, forward

5 percent the cost of other alternatives (Postéh&mpson, 2005).

This chapter assesses to what extent these natdrabtructure solutions are implemented in
integrated water resources management.

9.2 Integrated Water Resources Management

The concept of Integrated Water Resources Managewss developed in response to the growing
recognition of the importance of a holistic apptoae water management—an approach where land
and water resources can be managed together. heddfy the Global Water Partnership, IWRM is
a “process that promotes the coordinated develograed management of water, land and related
resources in order to maximize the resultant ecaaand social welfare in an equitable manner
without compromising the sustainability of vitabsgstems.1WRM views water management at the
basin level. According to the IWRM principles watgrecognized as a finite, vulnerable resouree. It
nature prompts efforts of water conservation, waféiciency measures and managing the demand
side of water resources. In IWRM water is also gaized as an economic good. Moreover, IWNRM
promotes a participatory approach involving usgtanners and policy makers at all levels, and
allocates a special role to women in water managéeare the allocation of water resources.
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IWRM incorporates scientific and technical elementdo water management, as well as
“socioeconomic components (often referred to aemgbvernance and including such elements as
institutions, regulations, policy, public awarengsditical realities)” (WWAP, 2009).

IWRM strives to achieve economic efficiency in watese, equal access to water resources and
environmental and ecological sustainability. Ineardo accomplish these goals, the cross-sectoral
integration of the followinginter alia, is crucial: 1) a general framework consistingpaficies,
legislation, and information; 2) the institutiorrales and functions various administrative leveld a
stakeholders; and 3) management instruments foulatigg, monitoring, and enforcement for
decision-makers (Jgnch-Clausen, 2004). MoreoveRRMNstresses the importance of water for
maintaining ecosystem services.

9.3 IWRM in practice

Many countries of the world face serious challengesdizing IWRM in practice. The most recent
UN- Water survey assessing the status of implerntientaf integrated approaches to water resources
management indicates that countries are significésethind the target set in the Johannesburg Hlan o
Implementation. It shows that 65 percent of 13#ayed countries have developed integrated water
resources management plans and only 34 percergatedan advanced stage of implementation
(UNEP, 2012). However, the survey also suggests tthea IWRM approach is “being seriously
pursued by governments in many countries” worldwldREP, 2012).

Water experts highlight a growing concern thatHaitgh considerable attention has been given to
human water needs for drinking water and sanitafmod production and industry, less attention has
been devoted to the ‘environmental and ecologigstizsnability’ element, the ultimate focus of which
is sustainable ecosystem services” (WWAP, 2009thEtmore, the authors argue that the neglect of
the essential components which provide ecosysteuices could put the entire water sub-sector at
risk. It is therefore easy to see the benefits ftdfcvely managing ecosystems (improved human
health, well-being and economic stability to nanfeve). However, as seen in many cases, economic
development often overshadows environmental coscefeaving them unincorporated and
inadequately addressed (WWAP, 2009).

Furthermore, it is well-documented that today’sevaesource management initiatives fail to take all
relevant ecosystem services into account. Thisitalgly leads to management efforts focusing on
selected services. To remedy this issue, IWRM rhaktnce all current ecosystem services as well as
consider future ecosystem services, by improvingofa such as ecosystem resilience (WWAP,
2009).

In fact, due to the undervaluation of ecosystenvises by most water managers, many of them
degrade over time. Additionally, mainstream wateanagement tends to focus on individual
concerns—including water pollution control, watepply and allocation and specific targeted water-
use sectors—instead of viewing them collectively\(P, 2009).

Managing ecosystem services by ensuring that etmagshave sufficient water of adequate quality is
key to achieving water security and promoting hurhaalth and well-being. Natural infrastructure
solutions are increasingly being applied to effedti tackle water problems worldwide.

9.3.1 The level of attention to ecosystems in IWRM

Analyzing the incorporation of natural infrastrugsolutions in IWRM provides some interesting
insights into the question of environmental susthility in IWRM. The question of the extent of
incorporation of natural infrastructure solutionevitably addresses the deeper question of how
ecosystem protection is viewed in practice anchaoty. Ecological sustainability is one of the key
objectives of IWRM. Indeed, IWMR proponents promdétéRM as an effective framework that is
able to ensure sustainability of water resources. UN-Water report on the status of implementation
of integrated approaches to water resources maragenows that some countries identified positive
impacts of IWRM on the environment (UNEP, 2012)r Hwe past 20 years, the greatest positive
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environmental impacts from improved water resoumamagement have been recognized mainly by
countries with a high Human Development Index (HDT)he results of the survey indicate that on
average, these countries gave a rating of 4 (or{lan to 5 (high) scale) to these impacts. On the
other hand, 24 percent of countries with a low lgBVe the lowest possible rating, with none giving
the highest. However, countries across all measofddDl were able to recognize the positive
impacts of improved management, as well as decrgasates of ecosystem degradation and
improvements in environmental flow. Among all caigg, the most commonly recognized positive
impact is improved water quality. This often com&s a result of improved waste treatment,
especially in less developed countries such as BRaafinally, improvement in flood/drought
management and prevention has been acknowledgethby countries such as Cuba, Portugal and
Ghana, where changes which recognize climatehaas ibglemented on a national level.

While in theory IWRM holds much potential for ecgical sustainability and the enhancement of
ecosystem services, its critics state that in practhere is a limited or absent emphasis on etesy
protection. One striking example is the most reamtual report of Global Water Partnership, the
organization responsible for the implementationWRM. In discussing its progress towards the
achievement of its goals, it rarely even mentionesgstem protection. To be precise, a simple
keyword search yields only one mentioning of biedsity and only nine repetitions of the word
‘ecosystem’. Moreover, the UN-Water 2012 surveyttonstatus of IWRM worldwide showed that 50
percent of the 134 responding countries rankednfatghe environment as medium to low priority,
with a small percentage ranking it as ‘not a probi€his is in line with Rahaman&Varis’'s (2005)
criticism of IWRM for the lack of focus on riverswration: “IWRM principles do not clearly focus
on or address the mechanism of river restorationiclwvis necessary for the sustainable water
resources management in areas that have undergonareo presently subjected to notable
modifications.”

Some water experts point out that the focus of IWRMredominantly on water allocation and
pollution, not on ecosystem health (WWAP, 2009).t&Waxpert MogensDyhr-Nielsen provides a
vivid example of this focus using a case studyWwRM implementation in the Bang Pakong River
Basin (Thailand) (WWAP, 2009). Additionally, a la&rgumber of IWRM peer-reviewed articles and
case studies presented in GWP ToolBox concentmatmgiitutional reforms, the establishment of
networks, and the achievement of multi-stakeholgerticipation. Little emphasis is placed on
ecological aspects in IWRM.

There are also IWRM case studies that highlightgstem preservation; however, the main goal of
ecosystem protection in these cases is wildlifesepration, not the amelioration of water-related
ecosystem services. The Puerto Rico IWMR case ghelgw) vividly illustrates this point.

9.3.2 The level of attention to natural infrastriere solutions in IWRM

Overall, a literature review suggests that theme lanited examples of the utilization of natural
infrastructure solutions in IWRM worldwide. Not suisingly, natural infrastructure solutions prevail
in IWRM projects that are led by conservation ofgations, such as the International Union for
Conservation of Nature, Nature Conservancyyorld Wildlife Fund.

Case study 1: IWRM in Canada

Some countries are more proactive in their appinadf natural infrastructure solutions. Canada is
one of them. There are many examples of IWRM it of watersheds that list ecosystem
protection among their IWRM goals. In fact, ecosysiprotection was indicated as one of the IWRM
goals for 14 out of the 35 examined watersheds lwhigplement IWRM (Roy, Oborne&Venema,

2009). For example, IWRM-related goals in Saskateime are directed towards “understanding
source water quality risks, and maximizing watedsipeotection through natural purification and
other means to minimize contamination potential’oyR Oborne&Venema, 2009).0One of the
impressive examples is the use of natural infratiire in order to tackle the eutrophication problem
in Lake Winnipeg. It was proposed that reeds (wliioth known to be very efficient in phosphorus
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accumulation) should be harvested and processelthant the obtained phosphorus be used for
agricultural purposes and the reeds themselvdsid@sel production.

Case study 2: San Jeronimo Basin, Baja Verapaz, Gtemala (Oliva, 2008).

The San Jeronimo River Basin is located in a mdéamgion surrounded by lavish tropical forest,
blessed with rich biodiversity and water resourddee picturesque landscape and rich biodiversity
hold great opportunities for the development of-txoism. However, there are several growing
environmental concerns in the region, includingodestation, improper waste water treatment, and
the overuse of water resources in the basin. Thase all led to serious water problems, both in
terms of quality (pollution of ground water/surfasater) and quantity. It has been recognized that
water is a critical resource, and that the pregienvaof forests is crucial to ensure its qualitydan
availability.

IWRM actions. The San Jeronimo Basin Committee was establisheddure the sustainable use of
the water resources in the basin. The Committeelshel common discussion forum for the
representatives of all main water users, and adedsesssues such as irrigation, aquaculture,
hydroelectricity, tourism, domestic users, etc. #iddally, it fosters coordination and negotiation
among all the stakeholders. In particular, the cittemdirects water management actions to preserve
water resources and ecosystems in the river b#dsis, making sure that the systems are properly
maintained and that the water quality and qualditgls can improve.

Results. The establishment of the committee strengthenesl ¢hordination among all the
stakeholders, and improved joint efforts to pronmistainable water use, thus helping to preseeve th
basin. The Association of Users of Irrigation ohS&ronimo consists of 800 users and is responsible
for the reforestation of 30 hectares at the hefaBi@rra de las Minas, which has been designated as
Biosphere Reserve. The committee’s activities hagilted in an increased acceptance of social
responsibilities by organizations, and have thdgdepositive results in water conservation. Tlasec
study illustrates the specific goals of water aoolsgstem conservation applied to resolve wateegssu
in the basin; however, water infrastructure sohsgie-besides the conservation of basin resources
themselves—pertain only to reforestation activjtiisancially supported by the Payments for
Ecosystem services. There are no specific bemaéttioned.

Case study 3: Lake Rotorua, New Zealan@Roy,Oborne&Venema, 2009).

Intensive agricultural activities and the resultimgtrient discharges have contributed to the
eutrophication of Lake Rotorua. To tackle this é&ssearious measures have been proposed, including
natural infrastructure solutions, such as vegegdtfiiter strips, constructed wetlands, and harnesti
aquatic plants from farm streams and water courses.

9.4 Improving the mainstreaming natural infrastructure in IWRM

What is essential to realize is that viewing ecteys as necessary infrastructure for water pravisio
and regulation puts ecosystem protection in a pesiight, not as a separate, often conflictingiéss
with water problems; it re-frames them as a solut@mwater problems. Measures which concentrate
on the improvement of soil, forests, and wetlandstews natural infrastructure—have been shown
to effectively tackle the root problem of waterses. Enhancing ecosystem integrity and health is
imperative for resolving water issues. In summary:

* There are very limited examples of managing ecesyst(natural infrastructure together
with/without built infrastructure) to achieve wateranagement goals. This may imply that
currently, in the practical application of IWRM, amystems are not viewed as part of the
solution to water problems, and are rather viewsed eonstraint to development.

* IWRM has been criticized for its insufficient coage of environmental aspects, and for
being primarily focused on water allocation andyga@n, not on ecosystem health.

* IWRM's focus is on managing the demand of wateoueses; however, it is not widely
recognized that by applying natural infrastructaodutions, one can increase water supply
and manage the supply side
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What are the key obstacles to the wider applicatibnatural infrastructure solutions? One of the
major issues is the lack of awareness and undeiatanf the complexity of the water cycle and its
dependence on biodiversity—a fact which underpissgstem services. It is generally recognized
that water is essential for the proper functionaigecosystems. However, rarely are explicit links
made between healthy ecosystems and the mainteabweger quantity and quality.

Coates and Smith (2012) explain that one major aohstto the wider application of natural
infrastructure solutions in IWRM is that ecosysteans viewed as problems, not as assets to tackle
water issues. The authors point out that the toadit approach to water management addresses water
problems using engineered solutions, and regards @fivironment as an inevitable cost of
development. Benefits produced by ecosystems arsidmred, but not incorporated into management
options. This results in negative impacts on edesys and the ecosystems being “perceived in
conflict with human needs”. Therefore, they propaseew paradigm (Figure 9.1), where ecosystems
(natural infrastructure) are managed together wethouilt infrastructure. Maintaining or even
improving ecosystem health and resilience safegutive provision of quality water of a sufficient
quantity as well as other ecosystem services, dmtuflood attenuation, soil erosion reduction, and
the control of sedimentation. This in turn reduti®s costs associated with built infrastructure and
reduces the risks associated with climate change.

Oid approaches

Water management
- water use and bt —-’ Waler management goals

infrastrmucture

l mpacis

Ecosystems/
biodiversity
[unfTortunate but a
nEcesary 'Cost’; in resility

Increases risks )
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New paradigm

Water management Management goals

/ mansges w -IH..I for direct
. human usa
Ecosystems/ ‘ Ecosystems / -
AL MLt lig) N 7L

blodiversity services
- and buiit nfrastructuyre (reduced risk)

Figure 9.1: Changing paradigms for water managementAdopted from WWAP, 2012.

The authors describe a three step approach to #eosynanagement: 1) setting water management
goals for direct human use (i.e. improving watealiy or the provision of sufficient amounts of
drinking water); 2) examining how these can be ewdi by enhancing/maintaining ecosystem
services; and 3) considering all the ecosystemicaEgvimpacted by the decision, in particular,
evaluating the co-benefits provided by ecosystemd ‘@xamining trade-offs between them to
determine desirable courses of action”.

Taking full account of environmental assets mighatdhallenging considering high priority issues
such as critical water shortages, water pollutiod aanitation problems. However, it is critical to
understand that “user interests coincide with theirenmental issues provides clear benefits as
opposed to acting as constraints”. Therefore, enumental assets and the potential trade-offs with
other management options should be consideree duethinning of the IWRM planning process.
Many water experts have identified that there liack of global environmental data (WWAP, 2012),
such as data on “the condition and extent of wdHan an important gap considering their
hydrological functions”, monitoring data of nutrtertycling, data on sediment transfer and
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depositions, and finally data on water quality (WWR/AR012). Attempts to make relevant connections
between biodiversity, ecosystems and people areowiy, but they need to be scaled up even
further. Another potential constraint to the adoptdf ecosystem solutions is that they “offer less
opportunity for corruption” (WWAP, 2012).

What facilitates the incorporation of natural irsftraicture solutions? Significant progress in the
implementation of natural infrastructure solutions IWRM can be achieved by applying
ecohydrological concepts and methodology.

9.5 Ecohydrology

There is a growing interest in the use of natunfdastructure solutions around the world. A sub-
discipline of hydrology, ecohydrology, was develdgde provide sound science to water managers
and decision-makers in response to the shortconohgmgineering solutions, which don’t account
for ecological processes. The primary goal of watemagement based on ecohydrology is “the
enhancement of a catchment resilience leading fravements in water resources (quality and
guantity) and ecosystem status (biodiversity arabgstem health) while meeting the needs of water
users” (Wagneet al., 2009). Ecohydrology develops solutions to speaeifater issues by combining
knowledge of ecological processes and hydrologmakcesses. Growing interest in the field is
concerned with providing more cost-efficient, decalized solutions based on natural systems that
perform diverse services such as water purificatimuirient recycling, carbon sequestration, etc.
Ecohydrology in general requires knowledge of #ragoral/spatial patterns of catchment-scale water
dynamics, determined by the four fundamental corepts climate, geomorphology, plant
cover/biota dynamics and anthropogenic modificatioAn ecohydrological approach to water
management aims not only at reducing and elimigativater contaminants, but also at the
“amelioration of the effectiveness of potential Ifoto manage the dynamics of excess nutrients,
pollutants, mineral and organic matter in the l@age”. This can be done by reducing human impact
and regulating the aquatic and terrestrial biotéhm catchment. Ecohydrological solutions include
(Wagneret al.,2009):

* Increasing watershed water retention through refat®n

» Enhancing in-stream retention of water sedimentsrautrients through river re-naturalisation

and wetland restoration,

* Amplification of biogeochemical cycles such as tig&gation through wetland inundation
Water quality maintenance can be significantly pedliby applying measures that are based on biotic
processes, which can facilitate self-purificationwater bodies. Ecohydrology Centres have been
established under the auspices of UNESCO in Indan&shiopia and Poland. There are numerous
projects in the world demonstrating the effectienand economic feasibility of ecohydrological
solutions together or without built infrastructi@lutions. Two of them are the Pilica River (Poland
and Lake Naivasha Basin demonstration projectsldped within the framework of the International
Hydrology Programme of UNESCO.
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The Pilica River Project
The Sulejow Reservoir in the Pilica River basin wasstructed to supply water for the city of Lodz,
a popular destination for people pursuing recreafti@activities (Wagneet al., 2009). This project
demonstrates appropriate methodology for the imetaation of ecohydrological approaches into
IWRM. It consists of four steps:
1) Monitoring threats
2) Assessing cause-effect relationships
3) Developing ecohydrological methods
4) Developing system solutions.
Sixty four percent of the catchment is used foicagural purposes (Wagnet al., 2009). First, in
the monitoring phase, appearance, intensity argfatial dynamics, and the risks to society were
examined. The water issues identified at the PRoager were three-fold: water contamination with
dioxin-like pollutants, the risk of eutrophicatioand sedimentation. Sources of pollution included
stormwater runoff from the town (which had an imént treatment plant) and runoff from the
agricultural fields. To reverse the siltation of tlake and reduce the contamination of the lakemyvat
researchers developed and applied ecohydrologitatians. The methods used to manage toxic algal
blooms were focused on reducing pollution loads itite reservoir and controlling the levels of
cyanobacteria within the reservair.
The proposed ecohydrological solutions included:
» Diversion of the highest pollutant load into flodaip areas for nutrient retention through
sedimentation and assimilation in the vegetatiafidw patches)
* Hydro biomanipulation —regulating water level reithgcjuvenile fish density- to remove the
predation pressure on the zooplankton consumirggalg
» Optimization of denitrification process through uéging the water retention time
Lake Naivasha Basin Project
In the last two decades, Lake Naivasha has witdearsealmost utter destruction of its ecosystem
services. The destruction of the second-largest lakKenya is attributable to the introduction of
various alien species and to the effects of thddubtural industry. The resulting increase in seelnt
and nutrient inputs has led to many negative caresees, including biodiversity loss and habitat
degradation. In response to this problem, there lmeen calls for considering it on a basin, rather
than lake, level, as well as changing the mind$gbroblem solvers from “water” to the “water
cycle”. Thus, Ecohydrology was suggested as a lpessemedy to resolve these needs, with the first
step being the recreation of a papyrus buffer zmoand the lake’s shoreline.

9.6 Payments for Ecosystem Services

Importantly, the adoption of economic mechanisnghsas payment for ecosystem services, can
greatly contribute to the financial sustainabildf ecosystem protection measures. Such financial
support can stem from combining the goods and aes\jointly produced by the watershed. These
efforts allow for a greater degree of watershedgmation than hydrological services alone. They
additionally allow for new financing opportunitiefor ecosystem services which may be
complementary to the natural water supply/purifaratpurposes by watersheds. These include soil
conservation, sedimentation control, fisheries gmbon, carbon sequestration, biodiversity
conservation, recreation, tourism, and cultural aadthetic enhancements. For example, Ecuador’s
National Biodiversity Policy encourages benefi@arto pay for a variety of environmental services,
including the provision of water, on public andvate lands (Postel & Thompson, 2005).

9.7 Recommendations

Natural infrastructure solutions, along with bunifrastructure options, should be incorporated into
cost/benefit valuation analyses, especially whecomes to considering projects such as dams,
storage, irrigation, and drainage. Recommendafiananproving current levels of consideration for
environmental aspects in IWRM might include:
» Considering environmental water issues early in MVRblanning and focusing on
environmental water issues, not only institutionsnstruments (UNEP, 2005)
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» Making a cause-effect assessment of key envirorahgmtiority issues related to the
appropriate approach in the specific context (UNER5)

» Strengthening of multi-stakeholder national IWRMwerks and partnerships with focus on
awareness-raising and advocacy on environmentetesm IWRM

» Defining environmental aspects in national IWRM:
-assessing ecosystem value with scarce information
-major environmental water issues

* Viewing water resources as more than just rivechdisge and water quality, especially when
it comes to rain-fed agriculture (this would hakgortant implications for food security and
poverty alleviation). Many assets of ecosystems mmeely accounted for. Wetlands
ecosystems also provide goods and services imadbcrops, fish, timber which are vital for
the poor.

* Providing politically convincing and tangible exade® of ecosystem development and
poverty alleviation potential in ecosystem goodd services

* Generating self-sustainable funding for ecosystesteption such as payments for ecosystem
services .

The Global Water Partnership IWRM toolbox might eehanced by include ecohydrological
solutions and support measures strengthened byapirggn collaborative learning processes among
different stakeholders. For the CBD, there are dppities to promote reporting on natural
infrastructure solutions, including with regards WWRM, in national reports, as well as further
collaboration with the GWP and other partners fdoiimation sharing, establishment of common
goals and further mainstreaming of natural infracttire solutions.

Natural infrastructure solutions are not a silvelldi for all water problems: their effectivenessies
depending on constrains of the natural environnantwell as social, economical and political
context. Proponents of the approach need to b&inthmind, as well as the overall difficulties in
implementing IWRM, so as not to promise more tham loe realistically delivered.
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