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Web scraping of food retail prices 

An analysis of internet food retail sales prices 

Jens-Peter Loy 1 and Yanjun Ren2 

Abstract: In this paper, we develop a theory of food retail promotional strategy. We test the theory 
using online food retail prices. A python code is applied to retrieve information from the web page 
mytime.de. Mytime.de is an online grocery outlet that belongs to the Bünting Group, a food retailer 
in North-West Germany. The promotional sales on mytime.de show a complementary relationship 
between breadth and depth of sales, indicating that in order to attract consumers, stores raise both 
the number (breadth) and the depth of price promotions.  

Keywords: e-food retailing, promotional sales, Germany 

1 Introduction 

Price promotions (sales) dominate the marketing of many (food) retailers [Si92]. Twenty 
to fifty percent of stores’ food product price variations are due to sales’ prices (see [HR04] 
and [Be08]). Several models have been proposed to explain the sale’s phenomenon, see 
[Va80; Bl81; La86], amongst others. These models also reveal some information on the 
level of price discounts (depth). However, most of these models focus on a single product 
or on a small subset of products and fail to address the problem of the optimal number of 
sales. Actual grocery stores, however, carry between a few thousand up to 35,000 products 
and offer various products on sale [KP05].  

In this paper, we focus on multi-product retailers that carry n products and specifically 
address the question of the optimal number (breadth) and the optimal depth of promotional 
sales. We develop a theoretical model of a multiproduct retailer in the fashion of Varian 
[Va80] to derive the relationship between breadth and depth of promotional sales. 
Following, we collect data on price promotions by web scraping from the online grocery 
store mytime.de to test the theory. 
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2 Depth and breadth of sales 

We assume that consumers purchase one unit of each (perishable or non-storable) product 
of a fixed food basket.3 The number of products in the shopping basket (n) is fixed and 
identical for all consumers. Each retailer k of the m retailers in the market sells all n 
products. Some products (n1) are put on sale at a discount price p and all other goods 

 are sold at consumer reservation price . There are two types of consumers: 

shoppers (non-store loyal) and store-loyal customers. The share of shoppers is , the 

share of store-loyal customers is 
m

 .4 We assume shoppers to be fully informed about 

store prices at all times and to purchase at the store that offers the lowest costs (price index) 
for the fixed food basket.5 In general, consumers perform one-stop-shopping; however, 
when price discounts for individual products rise, shoppers start cherry picking and collect 
items on sale across different stores. Loyal consumers always purchase at the same store. 

Retailer k chooses depth (the discount price ,i kp for product 
1,ki n ) and breadth of sales 

(the number of products on sale 
1,kn ) simultaneously to maximize profits. For non-sale 

items, the customer’s reservation prices are set. To simplify, the same reservation price is 
set for all consumers and for all n products. We also assume that buying-in prices or 
product costs are zero. Following [Va80], a store can choose to put products on sale or 
not; in either case the expected profit in equilibrium needs to be the same. In case no 
product is put on sale, only store-loyal customers buy at the store. C indicates the fixed 
costs of retailing. The profit of an individual store k that offers no sales (ns) is shown in 
(1). If we assume symmetry over all stores and products, (1) is simplified as shown in (2):6 

 ,
1

/
n

ns k ik k
i

m v C 


                  (1) 

 /ns n m v C                    (2) 

By offering products on sale, a store can attract shoppers and thereby increase the sale 
volume and profit. This happens if and only if the store wins the sale, meaning that the 
store offers the product basket at the lowest price index (costs for the fixed food basket). 
If the store wins the sale and attracts all shoppers, the store’s profit consists of regular 

 2n and promotional product  1n
 
sales according to Equation (3). 

                                                           
3 To some extent we follow the approach by [Ri06], who also develops a theoretical model to prove comple-

mentarity between breadth and depth of sales. [LW09] show that the main result of this model is not valid. 
4 Without a lack of generality, the number of total consumers is set to one.  
5 The model does not consider any dynamic interactions but assumes the repetition of actions. 
6 We assume monopolistic competition; thus the store profit is zero and therefore C=n(a/m)v. 

 2 1n n n  
 1 



 
Web scraping of food retail prices 179 

   1 2/ 1 / 1s n m p n m v C                        (3) 

To see whether there is a certain relationship between depth and breadth of sales, we can 
take the total derivative of Equation 3: 

    1 1/ 1 / 1d m p dn n m dp                        (3a)  

For profit maximization  0d  , we get 0
))(1/(

)1/( 111 








pv

n

vpm

mn

dp

dn




. This 

implies that depth and breadth of sales are substitutes. If the retailer increases the sale’s 
price p (reduces sale’s depth), the retailer also increases the number of sales. If the store 

is not winning the shoppers, the profit is    1 2/ /f n m p n m v C     . The total 

derivative in this case is    1 1/ /fd m pdn n m dp    . For 0fd   we also 

result  1 1 0
dn n

dp v p
 


 for the relationship between breadth and depth of sales. We now 

introduce a random variable with two values (winning and not winning the shoppers) for 
the profit and the corresponding probabilities     ,1F F   . Because the probabilities 

winning and not winning the shoppers add up to one, the same result holds for the 
derivative of the expected profits:       1s fE F F       . Following, the number of 

sales and the level of discounts are perfect substitutes at a given level of costs for the food 
basket. From the consumers’ perspective, an offer with many sales and low discounts is 
equivalent to one with few sales and high discounts. When a retailer varies its level of 
expenditures for the food basket by putting products on sale to increase the probability of 
winning the sale, he can freely choose between these options. Thus, we would not expect 
to find a unique (strictly increasing or decreasing) relationship between the number of 
items on sale (breadth) and the level of average discounts (depth).7 As deciding about 
prices and publishing of promotional sales information are costly (e.g. store flyers, 
newspaper advertisements, costs of deciding prices), we introduce non-linear menu costs. 
Menu costs are assumed to increase at a quadratic rate with the number of sale’s items 
offered by the store  2

1n . The non-linear nature of menu costs reflects the increasing 

complexity of determining multiple optimal sales’ prices. Every additional promotion 
needs to consider all interactions between promoted products. For a review of the literature 
and the empirical significance of menu costs in the field of food and general retailing see 
[Le97] and [Du99]. Menu costs set incentives for retailers to reduce the number of sales 
and increase individual discounts.  

                                                           
7 Derivation of optimal depth and breadth of sales under these assumptions has no unique solution. Any 

combination of the number of sales and the level of sales’ discounts that leads to the same food basket 
expenditure is a valid solution. The authors provide a formal proof upon request.  
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When stores offer large discounts on individual products, informed consumers (shoppers) 
may start buying only products on sale from different stores (cherry picking) instead of 
buying the entire food basket in one store (one-stop shopping) depending on their 
transaction costs. If we assume that stores randomize the choice of products they put on 
sale, a good amount of the products in the food basket will be on sale at the same time 
over all stores. Cherry picking reduces the profits for the store that wins the shoppers (see 
also [Mc09: 425]. There are different approaches to introduce cherry picking in the model. 
We assume that shoppers are not identical with respect to their transaction costs. 
Depending on the level of discounts offered, shoppers move from one-stop-shopping to 
cherry picking. As we assume transaction costs to differ between shoppers in a continuous 
fashion, the share of shoppers that switch to cherry picking strictly increases with the level 
of discounts offered. Thus, for a low level of discounts we observe few, for a high level of 
discounts we observe many shoppers starting cherry picking. Cherry pickers buy all the 
sales’ products in the store that is winning the sale.8 However, if sales’ discounts are too 
high, these shoppers start to buy the rest of the food basket in competing stores that offer 
promotional sales for these items. From a store’s perspective, cherry picking reduces the 
share of shoppers that also buy the products at regular prices to fill their food basket. We 
model this feature by introducing a function  that strictly decreases with the level of 
price discounts offered by the store, respectively strictly increases with the sale’s price p. 

 is the share of shoppers that buy regular products in the store with the lowest price. A 
first candidate for  is p


. According to [Va80], stores choose the level of discount 

from a U-shaped random distribution function. As informed consumers in the multi-
product case make the store choice based on the expenditures for the entire (fixed) food 
basket, retailers compete by their aggregate prices (food basket expenses). The products 
in our model are assumed to be identical (symmetric); thus, the decision which products 
to promote is arbitrary. The process of selecting products for promotion follows a uniform 
random process. Further, the random distributions of prices are i.i.d. across stores. Thus, 
consumers get a chance to cherry pick promotional sales across retail stores for the entire 
food basket. For this model, we can derive that breadth and depth are complements. 

3 Data 

The Bünting Group started its online grocery store www.mytime.de in April 2019. 
Mytime.de carries around 28,000 items. The Bünting Group is no. 14 in the list of the top 
30 food retailers in Germany. We gather the information by employing tools provided with 
the programming language python. We collect daily prices of sales offers on 
www.mytime.de. The website promotes between 200 and 600 products per day. The data 
                                                           
8 The intuition is as following: when depth and breadth are complements, the store that wins the shoppers also 

has the highest level of discounts and the most products on sale compared with all other stores. In case we 
receive a substitutional relationship, we still assume that cherry pickers buy at the store with the most 
products on sale to reduce transactions costs of shopping caused by store switching.  
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are gathered daily from February to May 2020. The difference between sales prices and 
regular prices relative to the regular price in percent represents the level of discounts. 
Breadth is the number of products on sale. Due to the Corona pandemic, we only use data 
before the first lock down in Germany starting at March 13th.  

4 Results 

For each day we calculate the number of promotional sales items and the respective 
relative price discount for each item. We calculate the unweighted means for the average 
price discount per day and correlate it with the number of discounts. We further calculate 
a price-weighted discount by dividing the average sales’ price by the average regular 
prices. Thereby, price cuts from high price get a stronger weight compared to price cuts 
of low prices. Figure 1 and 2 show the relationships between breadth and depth of sales. 

 

Fig. 1: Breadth and depth of promotional sales (all promotions) 

 

Fig. 2: Breadth and depth of promotional sales (promotions of items below 10 euros) 

We also use only sales of less than 10 euros to exclude some sales of big packs which 
might not be so relevant to most consumers. For all variations in Figure 1 and 2, we find 
a complementary relationship between breadth and depth of promotional price sales. 
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5 Summary 

Price promotion (sales) are an important tool in food retail marketing. A theory using menu 
costs and cherry picking predicts a complementary relationship between breadth and depth 
of sales. We test this theory by web scraping price data from an online food retailer. First 
evidence shows that breadth and depth of promotional sales are complements. The model 
may need to be extended to capture other factors influencing the promotional behavior of 
retailers, such as demand peaks (e. g. holidays), product characteristics (e. g. signpost 
items), contracts with the processing industry (e. g. promotion commitments) etc. The 
results allow us to better understand the factors determining the most important marketing 
tool in food retailing. 
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