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This paper proposes an integrated methodology that combines a clustering method for categorizing activities and a Freight Trip Attraction (FTA) model for assessing the number of trips that each establishment of a given zone or city generates. The models are constructed and calibrated on the basis of a French Freight Trip Survey. Using a hierarchical clustering technique, 5 to 7 clusters are made and resulting FTA models obtained. The resulting models are robust and applicable to any French city.

Introduction

Freight Trip Generation (FTG) is one important research topic in city logistics, mainly with the standardization of categorial FTA (Bastida and Holguin-Veras, 2009) that makes the methodology used in many countries of the world (Holguin-Veras et al., 2019;[START_REF] Pani | Comparative assessment of industrial classification systems for modeling freight production and freight trip production[END_REF]. For logistics organization, the focus on deliveries, also known as receptions, is a major issue: we call those models Freight Trip Attraction (FTA). Those models rely on categories of activities that are in general pre-established (Gonzalez-Feliu and Sanchez-Dias, 2019) and preaggregated. Since a recent work shows that the data aggregation plays a little role in the model's accuracy if the functional form is chosen suitably (Gonzalez-Feliu and Sanchez-Diaz, 2019), it seems relevant to propose a model that minimizes the number of categories in order to be applied to different cities with a low quantity of data. This paper proposes an integrated category classification and modelling approach for FTA based on the data of French Urban Freight Surveys of 2014. First, a hierarchic clustering allows finding a minimum number of categories. Second, the application of categorial FTA to the chosen categories gives a robust set of models. Results on French cities will be proposed and commented.

Methodology

The proposed methodology is based in a two-step procedure: first, a clustering analysis is made to re-define the freight generation categories that are the most suitable; second a categorial freight trip generation model is built and calibrated using the standard FTA method (Holguin-Veras et al., 2013;Gonzalez-Feliu and Sanchez-Diaz, 2019).

The clustering analysis applies a hierarchical clustering technique to identify the most suitable number of categories, given a set of establishments with their respective FTA data, for FTA modelling purposes. The choice made is that of an agglomerative cluster that works as follows. Initially, each object is assigned to its own cluster and then the algorithm proceeds iteratively, at each stage joining the two most similar clusters, continuing until there is just a single cluster.

After that, three models are assessed, one for Freight Trip Attraction (FTA), one for Freight Trip Production (FTP) are a third for Freight Trip Generation (FTA) without precising attraction and production. These models are built and calibrated using the same database used for the clustering analysis, on the obtained categories. The results of this model are assessed using MAPE and RMSE and discussed, relating them to previous work.

First Results

The clustering phase (Figure 1) shows different possibilities of aggregating the considered data. Using the ward method to minimize the total within sum of squares (WSS), the most suitable categorization sees the data divided in about five to seven main clusters. The number of clusters was chosen equal to five subgroups, which minimises the sum of squares. After that, the different models are built and calibrated using linear regression and the method presented in Gonzalez-Feliu and Sanchez-Diaz (2019). All obtained R² except one (Agriculture, 0.15) have values between 0.30 and 0.61, which according to previous results in the different literature papers, are considered as valid. As an example here we propose the retained models for Freight Trip Generation: Those models will be applied to various French cities and compared with the data of the survey as well as with the state-of-the-art of French models, to assess their suitability and applicability.

A sensitivity analysis to choose the best set of categories will also be carried out. Finally, a comparison with other known models (Holguin-Veras et al., 2019) will be made, and research and practice issues will be addressed, including uses in retailing and distribution planning such as accessibility and attractiveness indicators (Gonzalez-Feliu, 2018).
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 1 Figure 1. Plot of the hierarchic clustering aggregation process (dendogram) including the selection of 5 and 7 clusters)

Table 1 .

 1 Main results of the regression analysis

	Category Description	Functional Form	a	b	# obs	R2	F-Stat
	A	Agriculture	𝐹𝑇𝐴 𝑖 = 𝑎	1.83	-	12	NA	NA
	B	Craftsmen, services, tertiary	𝐹𝑇𝐴 𝑖 = 𝑒 𝑏.𝐸𝑚𝑝	-	0.003 191	0,15	NA
	C	Industry and wholesaling	𝐹𝑇𝐴 𝑖 = 𝑎 + 𝐵. 𝐸𝑚𝑝 8.92	0.14	351	0,61	538,7
	D	Retailing and stores	𝐹𝑇𝐴 𝑖 = 𝑎. 𝐸𝑚𝑝 𝑏	1.26	0.62	577	0,30	249,2
	E	Warehousing, logistics and distribution	𝐹𝑇𝐺 𝑖 = 𝑎. 𝐸𝑚𝑝 𝑏	1.92	0.78	44	0,34	21,83