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Abstract

Access to actionable data on fresh food supply chains bring key advantages for various stakeholders from
the public and private sectors for better decision-making. For India, many agriculture-related data are
publicly available as open-source data. However, many available data are not easy to access or visualize
and may require a certain degree of processing before they can be turned into interpretable information
for decision-making. For that reason, these data are often not used to their full potential. Here we present
an interactive web map’ that collates and visualizes relevant open-source data for fresh food supply chains
in India. The available data layers include cropland, elevation, electrical grid, crop production, cold storage
locations, air temperature, solar radiation, road network, market locations, mobile coverage, and census.
This visual representation of the selected data layers serves as a decision-making tool for stakeholders in
the fresh produce supply chain, including social enterprises like farmer producer organizations and
policymakers, as well as financial institutions, cooling providers, NGOs, and government bodies. A
practical example of this is identifying where cooling could provide the highest shelf life gains and where
to site future cold storage facilities. We anticipate that this web map can lead to finding relevant insights
that could help stakeholders optimize their supply chain of fresh produce. This web map could be a starting
point for understanding correlations between various parameters and for narrowing the data literacy gap
in agricultural sectors in India.

"The web map and this document were prepared as part of Your Virtual Cold Chain Assistant (YourVCCA)
project. YourVCCA team: maps@yourvcca.org

Link to the web map: https://yourvceca-maps.users.earthengine.app/view/yourveca-map-india

Link to the source code of the web map:
https://code.earthengine.google.com/7acfad8c67f08e070acfbc4228c0709b
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1 Introduction

Fresh food supply chains are complex and sensitive systems depending on a variety of factors. For
example, access to roads and the electrical grid is often critical because of the need for a power supply
for cooling and rapid transportation to avoid spoilage. Access to this information is key to successful
decision-making by supply chain stakeholders, such as cold storage providers, farmers, retailers, or
policymakers. Fortunately, there is a growing trend for open-source data sharing, and a considerable
amount of relevant data for food supply chains is already publicly available [1].

In India, data from rural areas are especially essential as approximately 2/3 of the population live in the
rural areas [2]. Agriculture provides employment to around 70% of India's rural population [3]. Many of
these people are smallholder farmers who produce a significant share of the country’s food. Thus,
agriculture-related data in rural areas play key roles in decision-making. There have been several initiatives
to combat the lack of data in rural areas in India [4]-[6]. Mission Antyodaya, for instance, is a governmental
initiative, following up on the census in 2011 in India [7], [8]. Mission Antyodaya was launched in 2017 and
covers various schemes at the Gram Panchayat level, which is a basic village governing institute in India
[9], [10]. The annual survey data are captured digitally and available on their website [9]. Remote sensing
data can also provide relevant agriculture-related information for food supply chain stakeholders in rural
areas [11], [12]. For example, global elevation [13], climate [14], and cropland data layers generated with
satellite observations are publicly available.

However, many of these open-source data are challenging to find. Furthermore, these data need
considerable processing and analysis to be effectively visualized and used for decision-making. For
example, for cooling service providers to decide where to place their future cooling storage, they need to
understand where the smallholders, who need cooling storage, are located at different scales of spatial
granularity. They may also need to consider environmental information such as solar radiation levels,
ambient temperature, and topography in order to evaluate how viable a site is for sustainable cold storage.
In addition, the availability of infrastructure, such as mobile broadband coverage, in addition to the distance
to roads, electrical grid, and markets, could be decisive factors for choosing prospective sites. All these
factors, and more, need to be taken into account to make a decision. The parameters mentioned above
are currently available open-source. Yet, grouping all these data and extracting actionable information
from them requires processing, analysis, visualization, and tailoring to the stakeholders of the fresh
produce supply chain. Small and medium-sized enterprises, who play a key role in giving smallholder
farmers better marketability, often do not have the capacity to collect all these data or analyze it, despite
these data being available.

In order to make these open-source data readily available and useful for stakeholders, we created an
open-access interactive web map as a Google Earth Engine application’. The map contains different data
layers related to the supply chain of fresh produce in India and allows for rapid visualization of relevant
spatially distributed data.

This web map is part of the Your Virtual Cold Chain Assistant (Your VCCA) project in India2. Through this
project, BASE (Basel Agency for Sustainable Energy) and Empa (Swiss Federal Laboratories for Materials
Science and Technology) are aiming to reduce food loss and increase smallholder farmers’ incomes by
providing smallholders with access to cold storage through a pay-per-use servitization model as well as
equipping them with postharvest expertise and market intelligence via a data science-driven mobile
application. The project is funded by the data.org Inclusive Growth and Recovery Challenge, which was
launched in partnership with the Rockefeller Foundation and the Mastercard Center for Inclusive Growth.

2 Link to Your Virtual Cold Chain Assistant web page: https://yourvcca.org/india/
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To meet the project’s purpose of improving food security, increasing smallholders' income, reducing food
loss while mitigating the impact on the environment, we designed our web map to help stakeholders
understand the potential for sustainable cooling solutions across India. Our web map includes open-source
GIS data layers, including cropland mask, elevation, predicted electricity network, crop production, cold
storage locations, the climate, available road infrastructure, agricultural survey information, market
locations, and mobile broadband coverage. We also calculated shelf life gain for specific crops and
potential cold room locations that we selected based on our set thresholds for selected layers.

The primary goal of this document is to provide details on what layers are shown in our web map. Together
with this document, we aim that our web map delivers a sense of the capability and potential of visualizing
open-source data. Below, we describe the data layers included on our web map and the details of how
these data were obtained.

Disclaimer

The layers shown on the map were cropped for India, using the open-source shapefile of the country
boundary of India (see Section 2). Thus, what is presented in our web map is 'as-is' with no express or
implied political interest. We did not take district-level reorganizations beyond 2015 into account, as the
latest open-source district boundaries we found were from the year 2015 (see Section 2). While we have
taken utmost care in selecting and collecting the dataset from reliable sources, we cannot guarantee the
validity and accuracy of the information. We include the license of the data shown on each layer as of
January 2022. Yet, we recommend the users to check by themselves for further usage. Please refer to the
original source for additional information on data collection and accuracy. Any comments or suggestions
about this application should be addressed at maps@yourvcca.org.

2 Preprocessing steps

The open-source data we found had various spatial coverage and data formats. The following
preprocessing steps were conducted to take these differences into account. Such uniformization made it
possible to show them on the web map.

2.1 Global data preprocessing

The cropland mask (Section 3.1), elevation data (Section 3.2), predicted electricity network lines (Section
3.3), climate data (Section 3.5), market locations (Section 3.8), and mobile broadband coverage data
(Section 3.9) contained global data. These layers were clipped to India using a shapefile with state
boundaries from 2015 [15] (Fig. 1a). Note that we used these boundaries as they were the latest
boundaries we could find (see Disclaimer).

Different software was used for this processing step. The elevation data was sourced from the Google
Earth Engine data catalog [16] and was directly clipped for India in there. The predicted electricity network
lines, market locations data, and mobile broadband coverage data were processed in QGIS (version
3.18.2) [17]. The climate data were processed in R (version 4.1.0) [18].
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2.2 Tabular data preprocessing

Most of the collected open-source data consist of tabular data presenting metrics relative to a given district
(or block, for some states). This is the case for the agricultural data sourced from the ICRISAT (Section
3.4) and the agricultural survey data sourced from the Mission Antyodaya (Section 3.7). For visualization
purposes, the ICRISAT data were merged with the administrative layer at the district level [19] (Fig. 1b).To
present the Mission Antyodaya on a map, we merged the information with the district boundaries (as of
2015) [15] (Fig. 1b). Additionally, we joined the Mission Antyodaya information with the block boundaries
for the states of Odisha [20] (Fig. 2a) and Bihar [21] (Fig. 2b) (as of 2021 and 2019, respectively). Ideally,
all information from the Mission Antyodaya could be displayed at the block (and even Gram Panchayat
[GP]) level. However, the limiting factor is the lack of open-source blocks and GPs boundaries for most
Indian states. The merging process was done in Python (version 3.7.7) using the 'fuzzywuzzy' package
[22] to match states, districts, and block names that might be spelled differently in the different data
sources. Note that we are presenting the Ladakh region as a separate territory from Jammu and Kashmir
to reflect the Jammu and Kashmir Reorganisation Act, 2019.

License of [19]: freely available for academic use and other non-commercial use

License of [20]: See

https://github.com/justinelliotmeyers/Odisha 2021 Official Boundaries/blob/main/Odisha_metadata 032
32021.pdf (data sourced from the Odisha State and District Level Geospatial Web Portal for Planning
and Development, or SAMPAD, is in public domain)

License of [21]: See
https://github.com/justinelliotmeyers/official bihar india village boundary shapefile/blob/master/source
and terms of use.txt (data sourced from http://gis.bih.nic.in/DEPTS/Default.aspx)

(a) State level

S (b) District level
boundaries .

boundaries ** 7~

L

Figure 1: Open-sourced administrative boundary of 2015 for (a) state level [15], (b) district level [19].


https://github.com/justinelliotmeyers/Odisha_2021_Official_Boundaries/blob/main/Odisha_metadata_03232021.pdf
https://github.com/justinelliotmeyers/Odisha_2021_Official_Boundaries/blob/main/Odisha_metadata_03232021.pdf
https://github.com/justinelliotmeyers/official_bihar_india_village_boundary_shapefile/blob/master/source_and_terms_of_use.txt
https://github.com/justinelliotmeyers/official_bihar_india_village_boundary_shapefile/blob/master/source_and_terms_of_use.txt
http://gis.bih.nic.in/DEPTS/Default.aspx

(a) Odisha (b) Bihar

>
»

Figure 2: Open-sourced block boundary for the state of (a) Odisha in 2021 [20] and (b) Bihar in 2019
[21].

3 GIS Layers

In this section, we explain the main features of what is shown in each data layer. As the preprocessing
steps of the data are discussed in the previous section (Section 2), the details of the preprocessing are
omitted below. Unless otherwise stated, the layers are 'as-is' from the original source.

3.1 Cropland mask

This map presents the cropland vs. non-cropland and water extent as calculated in the Global Food
Security-support Analysis Data (GFSAD) with data from 1990 to 2017, with a 30 m resolution (Fig. 3). Map
services and data are made available from the U.S. Geological Survey National Geospatial Program and
can be reproduced with no restrictions. The data were downloaded from NASA's Land Processes
Distributed Active Archive Center [23].

License: See https://Ipdaac.usgs.gov/products/gfsad30saafgircev001/

Cropland
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Figure 3: Cropland mask layer (Left: India, Right: Zoomed in on Bihar). The data is color-coded to
differentiate between cropland (green), non-cropland (gray), and water bodies (black).
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3.2 Elevation

Elevation (in m) was sourced from the Japan Aerospace Exploration Agency (JAXA) Earth Observation
Research Center [13] (Fig. 4). The data were prepared by JAXA as part of the ALOS World 3D — 30 m
(AW3D30) dataset, a global digital surface model (DSM) dataset with 30 m resolution, and imported
directly in Google Earth Engine.

License: See https://earth.jaxa.jp/en/data/policy/index.html

Elevation (m)
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Figure 4: Elevation layer (Left: India, Right: Zoomed in on Himachal Pradesh).

3.3 Predicted electricity network lines

This layer displays the predicted location of electricity network lines, as computed in [24] using satellite
imagery of night-time lights and OpenStreetMap data (Fig. 5). The electricity network lines represent
(vectorized) predicted distribution and transmission line network, together with existing OpenStreetMap
lines. The data were downloaded from [25].

License: Creative Commons Attribution 4.0 International

Figure 5: Predicted electricity network lines layer (Left: India, Right: Zoomed in on Himachal Pradesh).


https://earth.jaxa.jp/en/data/policy/index.html
https://creativecommons.org/licenses/by/4.0/legalcode

3.4 Agricultural data (ICRISAT data)

The following layers (fruits and vegetable crop production and cold storage distribution) were downloaded
from the ICRISAT (International Crop Research Institute for the Semi-Arid Tropics) [26].

License: Creative Commons Attribution 4.0 International

3.4.1 Crop production (fruits and vegetables)

These layers represent district-wise statistics of crop production for fruits and vegetables (Fig. 6). The data
were sourced from the State Horticultural Department [26]. Displayed data show perishable crops of
interest and refer to the year 2016.
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Figure 6: Fruits production layer, an example of apple production (Left: India, Right: Zoomed in on
Himachal Pradesh (Terrian background with 80% opacity)).

3.4.2 Cold storage locations

District-wise cold storage data were sourced from the Central Warehousing Corporation [26] (Fig. 7).
Displayed data represents the total number of cold storage rooms available in each district for fruits and
vegetables or for mixed-use in the year 2009.
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Figure 7: Cold storage locations (Left: India, Right: Zoomed in on Himachal Pradesh (Terrian
background with 80% opacity)).
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3.5 Climate

Temperature and solar radiance data were downloaded from the ERA5 database [27]. The name of the
dataset used is the 'ERA5 monthly averaged data on single levels from 1979 to present'. The names of
the extracted parameters are '2m temperature' and 'Total sky direct solar radiation at the surface' for
temperature and solar radiance, respectively. The spatial resolution is approximately 30 km (0.25 ° latitude
and 0.25 ° longitude). For this project, we used the data from 2020 as that was the latest year with complete
datasets for the whole year.

The format of the downloaded file was NetCDF. We imported it in R (version 4.1.0) [18], clipped it to India
(as described in Section 2.1), created a layer for each parameter for each month, and exported them as
Geotiff files. We used the 'raster' and 'ncdf4' packages for this processing.

License: See 'License' tab at https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-
levels?tab=overview

3.5.1 Temperature

This layer represents a monthly averaged temperature (in °C) for 2020 (Fig. 8). We converted the original
dataset from K to °C.

Temperature (C)

Ludhiana
36 [ ch‘ﬂ 'E'

Figure 8: Temperature layer, an example of January 2020 (Left: India, Right: Himachal Pradesh (Terrian
background with 80% opacity)).

3.5.2 Solar radiance

The monthly solar radiance of 2020 (in J/m?) represents the amount of both direct and diffused solar
radiation at the earth’s surface (Fig. 9).
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Figure 9: Solar radiation layer, an example of January 2020 (Left: India, Right: Himachal Pradesh
(Terrian background with 80% opacity)).

3.6 Roads

This layer represents the road network from OpenStreetMap (Fig. 10). The data were downloaded from
[29].

License: Open Database 1.0 License

Figure 10: Roads layer (Left: India, Right: Darbhanga, Bihar (Terrian background)).

3.7 Agricultural survey (Mission Antyodaya)

The following parameters (availability of markets, households majorly engaged in farming, distribution of
FPOs, and cultivated area) were extracted from the Mission Antyodaya 2019 report [9]. All data were
scraped from the web using Python (version 3.8.8) and the Selenium package.

License: unknown
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3.7.1 Availability of markets (Mandis)

This layer displays the percentage of villages in each administrative level (district or block) where a Mandi
was reported as available (Fig. 11). The data were web scraped from the report ‘Villagewise Report on
Infrastructure’ (the report column 'Availability of markets: Mandis' has been normalized to 'No. of Villages
Where Survey completed'; the report also contains columns ‘Availability of markets: Regular market’ and
‘Availability of markets: weekly haat’, which we did not take into account for this application).

Figure 11: Market availability layer (Left: India, Right: Bihar).

3.7.2 Households engaged in farming

This layer displays the percentage of households (HHs) in each administrative level (district or block) that
are majorly involved in farm activities (Fig. 12). The data were web scraped from the report ‘Agriculture’
(the report column 'Total No. OfHHs engaged majorly in Farm activities' has been normalized to ‘Total
Household’).

Figure 12: Households engaged in farming layer (Left: India, Right: Bihar).

3.7.3 Distribution of Farmer Producers Organizations (FPOs)

This layer displays the percentage of villages in each administrative level (district or block) that are reported
to have at least one FPO (Fig. 13). The data were web scraped from the report ‘Agriculture’, and the
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columns 'Farmers Collective-FPOs(Count Of Villages)' and 'Farmers Collective-Both(Count Of Villages)'
have been added up and normalized to 'No. of Villages Where Survey completed'.

Figure 13: Distribution of Famer Producers organizations layer (Left: India, Right: Bihar).

3.7.4 Cultivable area

This layer displays the percentage of the cultivable area in each administrative level (district or block) (Fig.
14). The data were scraped from the report ‘Land Use and Irrigation’ (report column: "Total cultivable
Area(ha.)'). The original data were in hectares. For visualization and further calculations for potential
cooling storage locations (Section 4.2), the data were normalized by the area of the polygons representing
each district (Section 2.2).

Figure 14: Cultivable area layer (Left: India, Right: Bihar).

3.8 Market locations

This layer presents the amenities identified as 'marketplaces' in OpenStreetMap (Fig. 15). The data were
downloaded from [30]. Marketplaces identified as ‘waypoints’ and ‘track points’ were merged in QGIS
(version 3.18.2) [17] before the layer was cropped. Note that this layer contains around 13,000 markets
across India, but is likely not complete: based on the information from the agricultural survey data (see
Section 3.7.1), we would expect at least 15,000 Mandis (and around 150,000 markets if we also consider
‘regular markets’ and ‘weekly haat’).

13



License: Open Database 1.0 License
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Figure 15: Market locations layer (Left: India, Right: Bihar).

3.9 Mobile broadband coverage

This layer displays the world mobile broadband coverage, which is a 1 km resolution raster representation
of cellular mobile wireless Internet access (Fig. 16). The data were downloaded from [31].

License: See https://data.apps.fao.org/map/catalog/srv/eng/catalog.search#/metadata/7ee38f75-605f-
4c88-9afc-64779e70e595

Figure 16: Mobile broadband coverage layer (Left: India, Right: Bihar).

3.10 Shelf life gain

This layer (Fig. 17) represents by how many days the shelf life (i.e. the timespan a commodity can last
without spoiling) of selected crops can be extended by storing them at their optimal temperature, compared
to keeping them under ambient temperature (Fig. 8). Thus, this layer shows the advantage of storing fresh
produce in cooling storage. The calculations were conducted for potatoes, apples, and bananas. The shelf
life at the ambient temperature was calculated by using temperature data (Section 3.5.1) as inputs for the
temperature-based kinetic rate model (see Section 4.1 for details). The optimal temperature and the shelf

14


https://data.apps.fao.org/map/catalog/srv/eng/catalog.search#/metadata/7ee38f75-605f-4c88-9afc-64779e70e595
https://data.apps.fao.org/map/catalog/srv/eng/catalog.search#/metadata/7ee38f75-605f-4c88-9afc-64779e70e595

life under this optimal temperature for a corresponding crop were obtained from FAO [28]. The details of
the model and calculations are in Section 4.1.

License: Creative Commons Attribution 4.0 International

Shelf-life gain apple (days)

8

Figure 17: Shelf life gain layer, an example of apple in January 2020 (Left: India, Right: Himachal
Pradesh (Terrian background with 80% opacity)).

3.11 Predicted cold room locations

This layer presents areas that could be suitable to install a cooling unit based on the available open-source
data (Fig. 18). This information was calculated based on the vicinity to a market, availability of close-by
roads and stable network connection, amount of available Mandis and households dedicated to farming,
and cultivable area in the region. Please refer to Section 4.2 for details on the computation. Note that this
map is case-specific and depends on specific assumptions about layers to consider and their thresholds,
which may vary from one stakeholder to another. This prediction is meant as a guiding tool only, and
additional and specific on-the-ground insights that are not captured in the available data will be required
to make final decisions.

License: Creative Commons Attribution 4.0 International
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Figure 18: Potential cold room location layer (Left: India, Right: Himachal Pradesh (Terrian background)).
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4 Supplemental material

4.1 Shelf life gain calculations

Shelf life gain (Section 3.10) was calculated by comparing shelf life (SL.) at ambient temperature (T) and
shelf life at the optimal temperature (SLoptc) (Eq. 1). Note that in Eq. 1 and the following equations,
subscript ¢ indicates the specific crop. We assume here that the food can be stored in a cold store under
these optimal conditions.

Shelf life gain = SLoptc — SL(T) Eq. 1

For the shelf life at optimal condition (SLoptc), the middle point of shelf life under the optimal conditions
from FAO [28] was used (Table 1).

Table 1: Shelf life of crops at the optimal temperature, obtained from FAO [28].

Crop Temperature (°C) Shelf life (days)
Apple 1.5 105
Banana 14 17.5
Potato(late) | 8.75 225

For the shelf life at ambient temperature, the first-order kinetic rate law model (n=1) was used, as described
in [32], [33] (Eq. 2).

dA(E) )
——p = k(M)A Eq. 2

In Eq. 2, A represents a crop quality index, which is assumed to be 1 at harvest (Ao [-]).T is ambient
temperature [K], which is the monthly temperature from ERA5 (Section 3.5.1), and k is a rate constant,
which is temperature-dependent (Eq. 3).

—Eqc

k(T) =koce RT Eq. 3

In Eq. 3, ko, is the quality rate constant [s™'], and E. is the activation energy [J mol']. R is the ideal gas
constant (8.314 J mol™' K"). The values of ko, and E. . were determined based on each crop's temperature
coefficient (Q10). Q1o represents the rate of quality change for a 10 °C increase in temperature based on
biochemical reaction (Eq. 4) [32]-[34]. For fresh produce, the Q1o value is commonly 2 to 3 [33]. A Q1o
value of 3 was used for apples in this project, calculated based on [34], and 2 for banana and potato.

_ k(T +10) Eq. 4
Based on Eq. 3 and Eq. 4 E.c can be written as Eq. 5.
TZ
Ea,c ~ Wln Q10 Eq. 5

By rearranging the equations, ko cwas obtained for each crop (Eq. 6)

1 A
_ In thr
k(O STy "4, )
kO'C - _Ea,c - _Ea,c Eq- 6
e RT e RT

16



Note thatin Eq. 6, SLogtcis in seconds. For this project, the threshold of A (Awr[-]) was set to 0.1 to represent
that crops are no longer marketable. Finally, the remaining shelf life (SLc) at ambient temperature was
calculated as Eq. 7. For the shelf life layer (Section 3.10), shelf life was converted from seconds to days.

— ln(ﬂ

A
SLo(T) = ———2— Eq.7

The calculations were done in R (version 4.1.0) [18]. As was the case for the climate data (Section 3.5),
we created a Geotiff file for each month, using 'raster' and 'ncdf4' packages.

4.2 Potential cooling unit location identification

To calculate potential promising locations to install new cooling units (Section 3.11), we used some of the
layers discussed in Section 3 and displayed in the web map. We restricted ourselves to the following
layers:

- Roads (Section 3.6)

- Availability of markets (Mandis) (Section 3.7.1)
- Households engaged in farming (Section 3.7.2)
- Cultivable area (Section 3.7.4)

- Market locations (Section 3.8)

- Mobile broadband coverage (Section 3.9)

We identified locations that are no more than 20 km away from a market, at most 500 m away from a road,
have stable network coverage, and in regions (districts or blocks) where the other indicators are above the
median for the state (or district in case of the blocks) they belong to. Thus, the thresholds for this filtering
process are state-dependent. For the state of Himachal Pradesh, we have acquired proprietary data about
market locations [35], which we merged with the market location data from OpenStreetMap and used in
the computations. However, only the open-source data are displayed in the market locations layer (Section
3.8).

The model was implemented in QGIS (version 3.18.2) [17] and ran at the state level (Fig. 1). For the states
of Odisha and Bihar, the medians of each indicator were calculated for the district that each block belongs
to (Fig. 2). Ideally, we would like to replicate the approach used for Odisha and Bihar for all states.
However, we were unable to get open-source block boundaries for any other state. Note that this was the
same challenge we faced in preprocessing the dataset for visualization (Section 2.2). As the last step, the
predictions for each state were merged in a single layer in QGIS (version 3.18.2) [17].

This layer is intended to suggest areas that service providers can explore to place new cooling units.
However, the Your VCCA team declines any responsibility for any errors or omissions in the information
provided. In a future release of this application, we plan to make the map more interactive by allowing
users to compute promising cold room locations by dynamically deciding which layers to include and their
thresholds.
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