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EXECUTIVE SUMMARY 

1. Maharashtra continues to embrace impacts of climate change almost every season and 
on yearly basis at different parts of the State differently. While regions of Marathwada and 
Vidarbha confronts drought in every summer, the Konkan region which is at the coastal 
belt of the State experiences flood during heavy rainfall coupled with high-tide. In past two 
decades the State have been recording events of heatwaves in summer in the regions of 
Marathwada and Vidarbha causing harm to human health.  

2. Horticulture production including post-harvest operations are highly sensitive to climate. It 
is affected by the long-term shifting trends of average rainfall and temperature, interannual 
climate variability, climate shocks during specific phenological stages, and extreme 
weather events. While temperature shocks is uncontrollable to an extent during cultivation, 
absence of rainfall or delay in arrival can still be managed through proper irrigation system. 

3. Impact of climate change on horticulture crop cultivation is well understood, and many 
crop-specific scientific research results are also available. Climate impacts on post-harvest 
operations, starting from the time of harvest till the crop reaches the market, has not been 
vividly studied.   

Climate Risk Screening  

4. The project has been screened for climate and disaster risk using the World Banks Group’s 
Climate and Disaster Risk Screening Project Level Tool. The Climate and Disaster Risk 
Screening Tool provides high‐ level screening to help consider short to long‐term climate 
and disaster risks at early stages of project design and preparation. The tool applies an 
Exposure–Impact–Adaptive capacity framework to characterize climate risks. These 
potential risks have been identified by applying the web-based tool and collecting data and 
information on climate and geophysical hazards from various scientific researched carried 
out by the State of Maharashtra (under Maharashtra State Adaptation Action Plan for 
Climate Change (MSAAPCC)) and by other independent research institutes and think-
tanks. Detailed assessment report has been presented as Annex 1 to this report - Climate 
and Disaster Risk Screening Report for Maharashtra Agribusiness Network Project 
(MAGNET), India.     

5. Temporal Scale – Based on MSAAPCC - respect to the model baseline that is the average 
climate during 1970-2000, and for projections future time slices of 2030s (2021-2040) and 
2050s (2041-2060) have been simulated. Based on the MSAAPCC, a climate model has 
used the hydro-meteorological data from the India Meteorological Department, 
Government of India.  

6. Geographical Scale - The 20 project sites are scattered in various districts of Maharashtra, 
which are characterized by physiographic and climatic variations. The state has diverse 
ecosystems with their inherent assortments of risks under climatic as well as non-climatic 
exposures and with differential vulnerability profiles. Project sites are located at the 
following districts of the State – Mumbai City and its suburban (GMMR). Thane, Nashik, 
Pune, Sangli, Jalgaon, Aurangabad, Jalna, Beed, Latur, Nanded, Amraoti, and Wardah.  

7. Maharashtra has typical monsoon climate, with hot, rainy and cold weather seasons. 
Tropical conditions prevail all over the state. March, April and May are the hottest months 

with temperature reaching as high as 47C in some areas. Rainfall starts normally in the 
first week of June. July is the wettest month, while August to get substantial rain. Monsoon 
is starting to retreat from September. Rainfall in Maharashtra differs from region to region. 
Thane, Raigad, Ratnagiri and Sindhudurg districts (all coastal districts), receives heavy 
rains of an average of 200cm annually. But the districts of Nasik, Pune, Ahmednagar, 
Dhule, Jalgaon, Satara, Sangli, Solapur and parts of Kolhapur get rainfall less than 50cm 
annually. These regions are generally characterized by extreme aridity, hot climate, and 
acute deficiency in water availability. Maharashtra is bordered by the Arabian Sea to the 
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west and has a long coastline stretching nearly 720km along the Arabian. Coastal belt is 
generally flooded due heavy rain, poor drainage at the creeks and unprecedented slum 
dwelling. 

8. According to State Disaster Management Plan of Maharashtra, the projected Hazard 
Vulnerability Profile suggest that the State is highly prone to drought (52% of the State is 
annually hit by drought), whereas the coastal districts are flood prone and faces serious 
concern of sea-level rise, cyclone, and storm surges. District of Ratnagri, and some parts 
of Thane district are susceptible to earthquake and falls under earthquake zone IV.  

9. The climate modelling results mentioned in MSAAPCC show that temperature and rainfall 
are projected to increase all over the state, but there will regional variations. Over time, 
the projected rise in mean temperature is greater for the 2070s, as compared to the 2050s 
and then 2030s. Amravati and Aurangabad divisions may experience a greater rise in 
annual mean temperature than other parts of the state. The projected increase in monsoon 
rainfall by the 2030s and 2050s is relatively more for Amravati and Nashik divisions, though 
divisions like Konkan and Nagpur receive, and are projected to continue to receive, more 
rainfall in absolute terms. This overall increase in monsoon rainfall for the state is 
consistent with the findings of the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC). 

10. Sea level rise analysis is based on Maharashtra coastline studies. Historical analysis of 
100-year tide gauge data7 and 17-year satellite data showed a sea level rise of 0.13-2 cm 
per year. In the future, global mean sea level is projected to increase by 30 cm to 55 cm 
by the end of the 21st century for a medium range climate change scenario (RCP 4.5). 
Though there may be some regional variations, about 68% of the world’s coastlines are 
projected to experience sea level rise of within ±20% of this range for this scenario. This 
corresponds to a range of about 24 cm to 66 cm for the Maharashtra coastline by end of 
21st century. Moreover, global models predict that this sea level rise could be 
accompanied by increase in wave heights, increase in wind speeds, and greater 
storminess and storm surge. This accentuates the danger of coastal inundation if high 
precipitation event, high tides and hydro-meteorological weather events like storms etc. 
are concurrently observed. 

11. Table below illustrates climate and geophysical hazards exposure matrix.  
      

Table 1: Climate and geophysical hazards exposure matrix for sub-projects in MAGNET 
under Output - 3 

 
 

12. The district-wise Hazard-Impact matrix indicates which sites are likely to experience 
climate change in what form.   

 

 

 



3 
 

 

Table 2: District-wise Hazard-Impact matrix for project sites under Output 3 
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MMR 
√ √       

Thane 
√ √      √ 

Nasik 
√ √ √ √  √   

Pune 
√    √ √   

Sangli 
√    √ √   

Jalgaon  
√ √ √ √  √   

Aurangabad 
√   √  √   

Beed 
√   √ √ √   

Latur 
√   √ √ √   

Jalna 
√   √ √ √   

Nanded 
√    √ √   

Amraovti 
√     √   

Wardha 
√ √    √   

 
13. Sensitivity of post-harvest operations and infrastructure to climate/ weather conditions 

and sea level is as follow: 

• Increasing temperature impacting horticulture produce and production level in 
general has indirect impact on the operations of the post-harvest facilities;  

• Erratic rainfall trends causing either delayed monsoon or prolonging it leading 
to demand-supply imbalances of horticulture produce may cause business 
disruptions of the facilities;   

• Summer temperature extremes resulting in heatwaves has impacts on human 
health, thus impacting the productivity of the post-harvest facilities; 

• Increased risk of drought conditions in the regions of Marathwada and 
Vidarbha. Units located in such regions are likely to face water-scarcity 
having dependent on groundwater and compete with the local community for 
the share of common resources;  
 

Impact of Climate Change on Post-harvest Operations and Infrastructure 

14. The proposed infrastructure development under Output 3 includes development of a new 
facility as green-field projects, 2 new facilities as brown-field expansion, upgradation of 16 
facilities in regard to technological upgradation and automation, and an expansion of 
training facility (both physical and equipment expansion) within the existing campus of 
National Institute of Post-Harvest Technology. These facilities are primary processing 
units, wherein only sorting, grading and packing of the fruits and vegetables takes place. 

 
1  Increase in temperature by1.2 to 1.5°C 
2  Heat Wave – derived based Heat Index: an index that combines air temperature and relative humidity in an 

attempt to determine the human perceived equivalent temperature- how hot it feels, termed as the felt air 
temperature 

3  Increase precipitation – monsoon rain 
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In some of the packhouses ripening chambers are available, depending on the crop 
regions – such as in case of banana and mangoes. There is only one irradiation facilities 
– one existing in Vashi, suburbs to the city of Mumbai. Thus, these facilities have no 
significant direct interaction with climatic elements as compare to its upstream activities of 
horticulture crop production.  

15. Water usage in these facilities is limited to floor washing, washing of some equipment such 
as packing benches and usage for toilet purpose. The energy footprints of these facilities 
are also less as compare to secondary food processing units. Thus, exposure of these 
units to climate change is low and therefore at less risk.  

16. These units however, due to their geographical placement in drought prone areas are likely 
to experience water scarcity in near future. Most of these units depends on groundwater 
as the source of water except for units at Pune, Sangli, Vashi and Thane. The later units 
are supplied with piped water by local authority. Facilities those that depending on ground 
water may have to invest in digging wells as water table further goes down, and other 
facilities those that are dependent on pipe water supply may have to pay more for the 
same quantity. 

17. Indirect Impacts leading to operational vulnerability and or business losses- The 
outcomes of the risk screening indicate that all project locations are vulnerable to constant 
rise in temperature. The energy demand of the post-harvest facilities is likely to increase 
with increase in temperature. Thus, translating into more operational cost. Further, in 
absence of reefer trucks the crop being transported in normal trucks are likely to have 
more exposure to high temperature and events of heat-wave. This can lead to crop losses, 
thus indirectly impacting post-harvest businesses, primarily the value chain operators. 
Increase in temperature and heat-wave may also reduce the productivity of the labourers 
working in the facilities. This in turn may reflect as operational delays and therefore impact 
the overall turnover of the businesses.   

 

Adaptation and Mitigation to Climate Change  

18. The project focuses on enhancing climate resilience in post-harvest facilities and 
operations. Post-harvest losses in the State could be reduced by improving infrastructure, 
increased investment in the cold chain facilities, improved regulations on extraction of 
natural resources such as water, and better forecasting of weather and technological 
innovations such as solar power reefer trucks, decentralised solar power cold-storages, 
and rainwater harvesting systems. A few case studies on innovative technologies relevant 
to the project have been presented in later chapters. Adaptation options that have been 
identified based on CRVA outcomes, study of the options available and after consulting 
with MSAMB.  

Rainwater Harvesting 

19. For the units located at drought prone region, rainwater harvesting has been proposed as 
an adaptation measure to climate change. Rainwater harvesting will not only support the 
facility’s requirement but also recharge the local aquifer acting as a natural water storage 
facility for groundwater. In absence of pipe water connection, the communities habiting the 
place also depends on groundwater for their daily need. Thus, recharging the aquifers will 
enable the communities to some extent develop resilience to annual drought events.    

20. Based on the calculation, it is estimated that about 21million litres of rainwater can be 
harvested annually across the State through the MSAMB facilities. This can serve about 
160 family of four members consuming 135liter per capita per day (lpcd).   
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Solar Rooftop Power Generation  

21. Post-harvest technologies require energy to run and operate. Solar rooftop power 

generation has been identified as a mitigation measure to be installed at new facilities 

being proposed under MAGNET. New facilities at Pachod and Baramiti will install unit 

capacity of 60kW and 300kW respectively. It is estimate that the units will generate 

9.75MWh and 450MWh of electricity respectively leading to replace 1% and 20% of energy 

demands of the sites. This will not only show a positive change in carbon-footprint of the 

facilities, but also allow equivalent electricity to be available for the community usage and 

reduce grid load. Over the lifetime these units together will save 10578 tCO2e of 

greenhouse gases.  

Soft measures  

22. Resilience can also be strengthened through non-engineering measures. Enhancing the 

knowledge of the FPOs/ FPCs and the value chain operators on the issues of climate 

change and the available means and measures to adapt to such changes and or measures 

to mitigate the causes, can strengthen the overall sector capacity to combat climate 

change as well as alleviate poverty.  

Climate Finance  

23. The overall contribution to ADB’s climate finance counting stands to be about USD 

10.5million as capital cost invested to implement the hard-core measures. Several soft 

measures, such as green-belt development, appropriate waste management and 

capacity building on climate issues and environmental conservation has also been 

identified and incorporated into project’s Output delivery.  

 

Table 3: Details of Climate Finance proposed to be present under MAGNET 

Measure Capital 

(million INR) 

Capital 

(million USD)4 

Total5 

(million USD) 

Rainwater 
Harvesting  

21.85 .3  .23 

Rooftop Solar 
System  

13.68 .19  .14 

Total  35.53 .49 .37 

  

 
4Where 1USD = 72.69 (March 14, 2021) 
5 Capital for the adaptation and mitigation measures are split between ADB and government financings (76-24). Only 76% of the 

total expenditure will be financed by ADB.  
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INTRODUCTION 

24. Horticulture production including post-harvest operations are highly sensitive to climate. It 
is affected by the long-term shifting trends in average rainfall and temperature, interannual 
climate variability, climate shocks during specific phenological stages, and extreme 
weather events (IPCC, 2012). While temperature shocks to an extent uncontrollable during 
cultivation, absence of rainfall or delay of monsoon can still be managed through proper 
irrigation system provided the region conserves water. Thus, the inherent vulnerability of 
the sector is determined by access to adequate infrastructure such as irrigation systems, 
pre-cooling units, cold storage facilities, refrigerator trucks, and other post harvesting 
process.  

25. Impact of climate change on horticulture crop cultivation is well understood, and many 
crop-specific scientific research results are also available. Some crops are more tolerant 
than others to climate stresses, and at each phenological stage, different types of stresses 
affect each crop species in different ways (Simpson, 2017). There are many ongoing 
programmes that focus on climate proofing farmlands and farmers and thereby enhancing 
the crop quantity and increasing the shelf life of crops. This is essential for the purpose of 
food security, sustaining livelihoods of farmers and therefore enhancing the climate 
resilience of the overall sector, region, and the country. However, climate impacts on post-
harvest operations, which starts from crop harvest till the crop reaches the market, has not 
been vividly studied.  

26. Post-harvest operations comprise mainly of primary processing stages: harvesting, 
collection, grading/sorting, cleaning, preservation treatment, drying, packaging, 
transportation, and storage depending upon the commodity. These are considered to be 
an integral part of crop production and marketing. Primary processing not only helps to 
prolong the shelf-life but also fetches better market-price. In absence of primary 
processing, especially application of preservation measures, such as irradiation of crops, 
exporting would have been difficult. Thus, post-harvest operation also expands market 
size.  

27. A country-wide study conducted by Indian Council of Agricultural Research (ICAR) 
measuring crop losses revealed that in an average 11.9% of fruit and 9.7% of vegetable 
produced in the country is lost during post-harvest handling and management. It has been 
scientifically proved that biological degradation of fruits and vegetables starts as soon as 
it has been harvested, thus, these crops are highly perishable.  

28. The rate of degradation however can be controlled by regulating the ambient temperature. 
Pre-cooling the crops enables them to lose their latent heat which in turn reduces the rate 
of natural degradation. Thus, pre-cooling units and cold storage facilities helps in halting 
the natural degradation process. Reefer trucks (refrigerated trucks) also helps to preserve 
the crop during long-haul on road transportation (especially for domestic markets).  

29. However, climate change is creating conditions that make managing post-harvest losses 
an even greater challenge. Increase in temperature enhances the process of natural 
degradation thereby reducing the quality of the crop produced. According to an Assocham 
study, India incurs post-harvest losses of fruits and vegetable worth over INR2,000 billion 
annually, largely owing to the lack of well distributed food processing units, modern cold 
storage facilities and absence of reefer trucks. This represents not only loss of food, but 
also loss of environmental and social cost. Loss of crops includes loss of soil-nutrients and 
water that have been utilized to produce crops. Similarly, the farmer and farm level workers 
lose their labour inputs leading to loss of social inputs.   

30. Global warming directly influences environmental stressors—such as increasing 
temperature, variable rainfall, which in turn impacts (i) availability of water for irrigation and 
(ii) soil quality. These then have far reaching implications on the crop produce—
consequently reducing crop quality and productivity. Poor quality and less quantity coupled 
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with changes in arrival time of the seasonal crop causes surplus or deficit imbalances 
towards demand. These demand-supply variations do not allow the post-harvest 
businesses to thrive well and eventually may face losses. Therefore, climate change has 
indirect impacts on post-harvest businesses. 

31. Increasing temperature also has direct impact on energy expenses of post-harvest 
facilities with pre-cooling and cold storage units. Also, additional requirement of coolant 
gases used in air-cooling system increases the overall carbon-footprint of the entire value 
chain.  

32. Geographical location of the units, such as in drought-prone or at flood plains or in hilly 
region also exposes the units to physical risk of climate change and geophysical hazards 
such as water-scarcity, floods, landslides, as well as heatwave impacts.   

33. Thus, it is important to understand the risk of climate change on post-harvest facilities and 
operations, and thereby identify the adaptation and mitigation measures to avoid and/or 
reduce such impacts. Through secondary sources of data and information, this report 
investigates the exposure of the post-harvest facilities due to climate change, and thereby 
determines the magnitude of impacts on the physical structures and business operations. 
Based on the secondary research finding, the report seeks help of the industry experts 
and technology providers to identify adaptation and mitigation measures to reduce climate 
impacts and exposures to extreme events. The main aim of the report is to arrive at action 
points, those if implemented on time would improve the resilience capacity of the 
participating facilities. The direct beneficiaries of the facilities will be the farmer producer 
organisations (FPOs), value chain operators and exporters, who are expected to utilize 
the facilities on rental terms. Thus, these beneficiaries are likely to get climate proofed of 
their operations too.  

34. The findings of the report have been discussed with Maharashtra State Agriculture 
Marketing Board (MSAMB), who in turn have incorporated all economically viable 
suggestions in project design and conceptualisation. Such additionality to the project and 
investment have been considered as climate finance to be spend towards implementing 
climate mitigation and adaptation measures.   

 

The MAGNET Project 

35. The project targets to support FPOs located in the State of Maharashtra by improving 
network of post-harvest marketing and value chains focusing on the eleven horticulture 
crops—banana, custard apple, green and red chili, guava, okra, orange, pomegranate, 
sapota, strawberry, sweet lime, and flowers. 

36. The core objectives of the project are:  

• Addressing remaining poverty and reducing inequalities in the agriculture 
sector;  

• Accelerating progress in gender equality;  

• Tackling climate change, building climate and disaster resilience and 
enhancing environmental sustainability;  

• Promoting rural development and food security;  

• Strengthening governance and institutional capacity; 

37. The core Outputs (components) of the project are:  

• Output 1: Institutional, technical, and marketing capacities of agribusiness 
institutions and FPOs strengthened –comprising of: a) advisory services on 
crop-specific guidelines on harvest quality, postharvest handling, processing, and 
relevant certification; b)introduction of best practices to enhance productivity, 
quality, and safety to meet the market/export requirements; c) capacity building on 
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drawing business plans, organisational/ financial management systems, state-of-
the-art technologies on cultivation, marketing strategies; and d) establishment of 
value chain accelerator for building institutional capacity of FPOs 

• Output 2: Access to finance of FPOs and value chain operators strengthened 
- by providing financial intermediation loan (FIL) and a matching grant to FPOs and 
value chain operators, including post-harvest and processing facilities in the form 
of working capital, Capex, investment loans to support the implementation of their 
business plans;   

• Output 3: Agriculture value chain infrastructure improved and operational –
comprising of: a) expansion and modernization of existing sixteen (16) facilities of 
MSAMB and developing three (3 of which 2 are brownfield expansion and 1 ) new 
facilities to address gaps in the overall value chain including pre-cooling, cold 
storage, and strengthening the existing training facility (1) at Talegaon (Pune), 
(total 20 civil construction sites), while enhancing climate and disaster resilience 
and reducing greenhouse gas emissions.    

38. It is envisaged that the above outputs will result into supporting about 200,000 farmers 
through FPOs by improving the value chains of the selected crops.  

39. Why focus on Horticulture produce– Horticulture produce has a number of advantages 
as compared to agriculture crops. Horticulture can be done on dry land and therefore 
suitable for drought-prone regions in Maharashtra. Water utilisation is lower, and so is 
consequent risk of crop failure is low. Unlike large-scale cereal cropping, horticulture farms 
can be much smaller, allowing marginal farmers to participate with their small 
landholdings. While horticulture crops require more inputs in the form of fertilisers and so 
on, farmers often plant two or three crops.  

40. Why in the State of Maharashtra – The State has emerged as one of the country’s largest 
producers of fruits and vegetable crops. In terms of production, the State accounts for 11% 
of total fruits and 5% of total vegetables produced in the country. In this regard, it is 
important to note that Maharashtra is the largest producer of seedless grapes and 
pomegranates in India. The State is also the 3rd leading producer of citrus fruits such as 
mandarin (orange). It is also a robust producer of other fruits such as banana, custard 
apple and strawberry. Furthermore, Maharashtra is the largest producer of onions in the 
country. Tomato, green chillies, ginger are among other major crops grown in the state. 
The State is also the leading exporter of fruits and vegetables such as Alphonso mangoes, 
grapes, pomegranates, oranges, bananas, onion, green chillies etc. from India to the 
European Union, Thailand, Netherlands, Doha, Bahrain etc.  

 

Figure 1: Illustrating India's Horticulture Spread across various State - Maharashtra 
contributing 11% and 6% in production of fruits and vegetable respectively 
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41. Why engage with FPOs – As Indian farmers have small landholding, they lack individual 
bargaining capacity in the open market for their small produce. In such a scenario, the 
creation of FPOs gives them the edge of collective bargaining that they can pool in for their 
produce, invest in cold storage facilities and better negotiate with large buyers/ exporters 
etc. This has been validated under The Japan Fund for Poverty Reduction (JFPR) project-
Improving Small Farmers’ Access to Market in Bihar and Maharashtra with grant provided 
by Asian Development Bank (ADB) (completed in 2018). The project validated that 
“farmers are realizing the benefits of marketing their produce and purchasing inputs 
through FPC”. From safeguards point of view, an FPO structure also helps the farmers to 
collectively adapt to changes, such as - a) take a collective risk of moving to more climate 
resilient seeds/ crops; b) adapt new technologies to conserve water and soil nutrients.  

42. Scope of this report–The scope of this report is limited to “post-harvest operations”: 
operations at farms after harvesting to processing units, operations in processing units, 
the physical structures therein, and thereafter transportation of final crop to the markets. 
There are many ongoing projects that focuses on enhancing the overall resilience of the 
farmers and their farmland such that together they are able to mitigate and adapt to climate 
change. Some are fully financed by State and or Central Govt. and some are co-financed 
by development financing institutions like the World Bank and Asian Development Bank. 
Thus, in alignment with the project objective, i.e. “to improve the network of post-harvest 
facilities and operations” this report primarily focuses on post-harvest operations, 
especially while identifying physical risk to climate change. However, to make the project 
holistic, the report also talks about how climate change impacts farmers and therefore what 
could the FPO/ FPC can do collectively to combat climate change.  

43. Some of the recent ongoing State Government schemes and programmes that are 
targeting agriculture and rural transformation can also be referred to gain understanding 
on impacts of climate change on agriculture sector and farmers at farm level. The projects 
are as follows: 

• State of Maharashtra’s Agribusiness and Rural Transformation (SMART) – 
The World Bank 

• Project on Climate Resilient Agriculture (PoCRA) – The World Bank 

• Nav Tejaswini Rural Women Empowerment Programme –IFAD 

• National Rural Economic Transformation Project (NRETP) –The World Bank 

• Pradhan Mantri KisanSampada Yojana (PMKSY) –Government of India 

• Pradhan Mantri GramSadhak Yojana (PMGSY) – Government of India  

 Purpose of the CRVA 

44. The primary purpose of the climate risk and vulnerability assessments (CRVA) is to well 
inform the designing process of infrastructure subprojects under Output 3 such that risks 
of climate change are considered and the infrastructure could be climate-proofed.  

45. The findings of the CRVA can also be applied for financing investments under Output 2 - 
those that will take place in future as part of loan and mutual grants to be routed through 
selected financial intermediaries (FIs) and MSAMB, respectively.  

46. It is generally understood that the State of Maharashtra is vulnerable towards annual 
droughts across 56% of its land area and coastal flooding along its 720km of coastal line. 
Thus, the aim of the CRVA is to assess the direct physical impacts as well as the indirect 
impacts on the operations of the facilities such as operational disruption and or business 
losses.  

47. Based on such findings, the CRVA then identifies the measures to be adopted for climate 
proofing the infrastructure financed under Output 3 to the extent it is economically feasible.  

48. Such investment that is to be spend against the measures identified for climate change 
mitigation and adaptation, qualifies as climate finance being contributed towards the 
project. This is as per the Guidance Note on Counting Climate Finance at ADB. 
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CLIMATE RISK SCREENING 
 

Tool and Methods Applied 

49. The project has been screened for climate and disaster risk using the World Banks Group’s 
Climate and Disaster Risk Screening Project Level Tool6. The tool has provided high‐ level 
screening to determine short to long‐term climate and disaster risks at the early stages of 
project design preparation. The tool applies an Exposure–Impact–Adaptive capacity 
framework to characterize risks. Potential climate risks have been identified by applying 
this tool, and also from the information on climate and geophysical hazards from various 
scientific researched carried out by the State of Maharashtra such as the “Maharashtra 
State Adaptation Action Plan for Climate Change (MSAAPCC)7 and by other independent 
research institutes8.The detailed assessment report has been presented as Annex 1 to 
this report - Climate and Disaster Risk Screening Report for Maharashtra Agribusiness 
Network Project (MAGNET), India. 

50. Temporal Scale–Based on MSAAPCC findings, the projections of annual increase of 
mean temperature (ºC) and in monsoon rainfall (%) for 2030s (2021-2040) and 2050s 
(2041-2060) have been simulated in respect with the average climate during 1970-2000 
(model baseline). The model9 used hydro-meteorological data recorded by India 
Meteorological Department, Government of India.  

51. Geographical Scale - As described earlier, the 20 project sites are scattered in various 
districts of Maharashtra, which are characterized by physiographic and climatic variations. 
The state has diverse ecosystems with their inherent assortments of risks under climatic 
as well as non-climatic exposures and with differential vulnerability profiles. Project sites 
are located at the following districts of the State as shown in Figure below – Mumbai City 
and its suburban (GMMR). Thane, Nashik, Pune, Sangli, Jalgaon, Aurangabad, Jalna, 
Beed, Latur, Nanded, Amraoti, and Wardah.  

 

Table 4: Geographical Location of the MSAMB Units proposed for expansion and 
modernization 

S.NO Name of the 
Facility 

State 
District 

Location Geographical 
Coordinates 

Existing Facilities 

1 Export facility 
Centre, Mohadi 

Nashik 
 

APMC, Dindori, 
Submarket, Mohadi 
area, Gate No 1286, 
Taluka – Dindori 

20°08'23.3"N 
73°53'34.0"E 

2 Export facility 
Centre, Kalvan 

APMC- Bhendi Taluka - 
Kalvan 

20°29'41.9"N 
74°04'31.1"E 

3 Export facility 
Centre, 
Chandwad 

APMC, Chandwad, A/P- 
Chandwad, Taluka -
Chandwad,  

20°19'01.0"N 
74°15'22.8"E 

 
6  https://climatescreeningtools.worldbank.org/ 
7  http://krishi.maharashtra.gov.in/Site/Upload/Pdf/MSAAPC.pdf 
8  Other sources: INCAA Report#2. Climate change and India: A 4X4 assessment – A sectoral and regional 

analysis for 2030s, November 2010. 
  Trends and variability of monthly, seasonal and annual rainfall for the districts of Maharashtra and spatial analysis 

of seasonality index in identifying the changes in rainfall regime. National Climate Centre Research Report 
1/2012. Pune: India Meteorological Department 

9  Using the high resolution HadRM3P model in the PRECIS Regional Climate Modelling System and a unique 
domain1 selection method that sought to represent the climatic pattern over the state’s topography to a fairly 
good degree, changes in temperature and rainfall were projected at a resolution of about 25 km x 25 km. 

https://climatescreeningtools.worldbank.org/
http://krishi.maharashtra.gov.in/Site/Upload/Pdf/MSAAPC.pdf
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4 Export facility 
Centre, Savda 

Jalgaon 
 

Survey no.329, 330, 331, 
332, APMC Rawer 
Taluka - Raver  

21°09'16.6"N 
75°53'03.4"E 

5 Export facility 
Centre, Jalna 

Jalna 
 

APMC Jalna, Market 
yard, Taluka – Jalna 

19°52'29.5"N 
75°53'45.7"E 

6 Modern facility 
Centre, Karmad 

Aurangabad 
 

APMC, Aurangabad, 
Submarket Karmad 
Peth, Taluka - Karmad 

19°52'03.4"N 
75°32'07.7"E 

7 Modern facility 
Centre, Ardhapur 

Nanded 
 

APMC, submarket yard 
Ardhapur, Taluka - 
Ardhapur,  

19°15'38.7"N 
77°21'31.2"E 

8 Export facility 
Centre, Latur 

Latur 
 

Maharashtra Industrial 
Development 
Corporation, Latur 

18°23'12.4"N 
76°29'18.3"E 

9 Irradiation Facility 
Centre (IFC) 

Thane 
 

Ground floor, Plot no 3, 
Sector 19 F, Vashi, Navi 
Mumbai  

19°04'58.7"N 
73°00'42.8"E 

10 Vegetable 
Processing 
Facility (VPF) 

1st floor, above IFC 
premises 

11 Vapor Heat 
Treatment (VHT) 
Centre 

Niryat Bhavan, 
Vegetable Market, 
APMC Premises, Sector 
19, Vashi 

19°04'29.5"N 
73°00'35.3"E 

12 Modern facility 
Centre, Chandur 
railway 

Amravati  
 

Chandur Railway, 
Pragane Manjarkhed, 
Kasba, Taluka - Chandur 
Railway  

20°49'11.4"N 
77°58'50.4"E 

13 Export facility 
Centre, Karanja 
Ghadge 

Wardha 
 

APMC Ashti Taluka – 
Ashti 

21°09'51.9"N 
78°25'40.6"E 

14 Export facility 
Centre, Baramati 

Pune AMPC Baramati, Jalochi, 
Taluka - Baramati  

18°08'40.7"N 
74°36'47.3"E 

15 Export facility 
Centre, Talegaon  

Horticulture Training 
Centre, Talegaon 
Dabhade, Taluka - Maval 

18°43'20.5"N 
73°39'44.1"E 

16 Export facility 
Centre, Sangli 

Sangli APMC Atpadi, Taluka 
Atpadi,  

17°25'41.1"N 
74°55'09.8"E 

New Proposed Facilities 

17 Additional Facility 
for Custard Apple  

Beed 
 

*brownfield expansion, 
adjoining to existing 
Export Facility Centre, 
APMC, Beed 

19°01'07.6"N; 
75°46'31.2"E 

18 New Grapes & 
Pomegranate 
Facility Centre 

Pune *brownfield expansion, 
adjoining to existing 
Export Facility Centre, 
APMC, Baramati, 
Jalochi, Taluka – 
Baramati 

18°08'41.8"N 
74°36'45.7"E 

19 New training 
facility at National 
Institute of Post-
Harvest 

Pune brownfield expansion, 
adjoining to existing 
NIPHT, Talegaon 
Dabhade, Taluka – 
Maval 

18°43'17.0"N 
73°39'45.4"E 
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Technology 
(NIPHT) 

20 Fruits and 
Vegetable 
Handling Facility 
Centre  

Aurangabad *greenfield project site, 
APMC Paithan 
Submarket Pachod, 
Taluka. Paithan. (land 
provided by APMC) 

19°34'01.3"N 
75°37'40.2"E 

 

 

Figure 2: Spread of Project sites across the State of Maharashtra 

52. For assessment of adaptation requirements and opportunity for mitigation, ADB’s - Climate 
Risk and Vulnerability Assessment (CRVA) Tool, for Screening Climate Change Risks of 
Development Project10 was followed (i.e. from Step A-6 to B-5).  
 

 
10https://www.adb.org/sites/default/files/project-documents/46470/46470-001-tacr-en_7.pdf 

https://www.adb.org/sites/default/files/project-documents/46470/46470-001-tacr-en_7.pdf
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Figure 3: Steps of CRVA Study - ADB 

53. The outcomes of the climate change screening processing have been utilized to 
strengthen the climate considerations in the project design including the sub-projects 
identified in Output 3 – such as all facilities located at drought prone districts will install 
rainwater harvesting systems to improve water availability for the unit as well as recharge 
groundwater table in the respective area. Similarly, wherever possible, solar roof-top for 
generation of electricity have been designed to be installed. Observation from CRVA has 
also been incorporated into soft components (Output 1 - Institutional capacities of 
agribusiness institutions and farmer producer organizations strengthened) in form of 
training and awareness building.  

Current Climate Condition 

54. Climate of Maharashtra - Maharashtra has typical monsoon climate, with hot, rainy and 
cold weather seasons. Tropical conditions prevail all over the state. The months of March, 

April and May are the hottest periods, with temperature reaching as high as 47C in some 
areas. Rainfall starts normally in the first week of June, which July is the wettest month, 
while August to get substantial rain. Monsoon starts its retreat from September. Rainfall in 
Maharashtra differs from region to region. Thane, Raigad, Ratnagiri and Sindhudurg 
districts (all coastal districts), receives heavy rains of an average of 200cm annually. But 
the districts of Nasik, Pune, Ahmednagar, Dhule, Jalgaon, Satara, Sangli, Solapur and 
parts of Kolhapur get rainfall less than 50cm annually. These regions are generally 
characterized by extreme aridity, hot climate, and acute deficiency in water availability. 
Maharashtra is bordered by the Arabian Sea to the west and has a long coastline 
stretching nearly 720km along the Arabian. Coastal belt is generally flooded due heavy 
rain, poor drainage at the creeks and unprecedented slum dwelling. 

Climate Variability and Extremes 

55. Maharashtra continues to embrace impacts of climate change almost every season on 
yearly basis. The city of Mumbai, the capital of the State, faces urban flood annually due 
to proximity to coastal area. Similarly, regions of Marathwada and Vidarbha confronts 
drought in every summer. The State experiences high temperature compare to its 
historical trends, even just a decade ago. There is also high level of humidity across its 
coastline.  

56. According to State Disaster Management Plan of Maharashtra, the projected Hazard 
Vulnerability Profile suggest that the State is highly prone to drought (52% of the State is 
annually hit by drought), whereas the coastal districts are flood prone and faces serious 
concern of sea-level rise, cyclone and storm surges. District of Ratnagri, and some parts 
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of Thane district are susceptible to earthquake and falls under earthquake zone IV. The 
following map of depicts drought prone areas across the State (source - Maharashtra State 
Disaster Management Plan). Thus, MSAMB units located at following districts are likely to 
face drought like conditions in future if business as usual continues - Nasik, Pune, Sangli, 
Jalgaon, Aurangabad, Beed, Latur, Jalna, Nanded, Amraovti, Wardhathat 

 

 

 

Figure 4: Drought-prone districts of Maharashtra - 11 out of 13 project districts are drought 
hit 

57. Maharashtra has a coastal belt of over 720 kilometers and coastal areas are risk-prone to 
cyclones. Therefore, the Konkan region including Mumbai is prone to tropical cyclones. 
The risks from cyclones have large impact on the sector of marine fishing villages along 
the coastal belt. It may also affect the irrigation infrastructure, and transport and 
communication that can receive serious infrastructure damages. 

58. Traditionally, it has been the eastern coast of India that has been majorly vulnerable to 
cyclones. Located at the western coast of the country, the state’s geographical location, 
climatological conditions and other natural factors put Maharashtra under moderately 
vulnerable category as far as cyclones are concerned. As shown on the map below, 
districts of Thane, Raigad and Ratnagiri are vulnerable to cyclones at western area of the 
state. Districts of Nagpur, Chandrapur, Wardha, Bhandara, Gadchiroli, and Gondia, and 
Yavatmal in Amravati are prone to cyclones coming from the Bengal Bay.  
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Figure 5:  Map of Maharashtra that shows the affected areas by previous cyclones 

Future Projections of Climate Change 

59. The climate modelling results mentioned under MSAAPCC show that temperature and 
rainfall are projected to increase all over the state though there are regional variations. 
Over time, the projected rise in mean temperature is greater for the 2070s, as compared 
to the 2050s and then 2030s. Amravati (baseline: 27.21 ºC) and Aurangabad (baseline: 
26.46 ºC) divisions may experience a greater rise in annual mean temperature than other 
parts of the state from the 2030s until 2050s. The projected increase in monsoon rainfall 
by the 2030s and 2050s is relatively more for the divisions of Amravati (2030s: 17.5% - 
30% and 2050s: 22.5% - 32.5%) and Nashik (2030s: 17.5 – 40% and 2050s: 15% - 40%), 
though divisions like Konkan (2030s and 2050s: 10% - 30%; and 2070s 10 - 32.5%)and 
Nagpur (2030s: 12.5% – 20%, 2050s: 12.5% - 30%, and 2070s: 15% - 27.5%)   receive, 
and are projected to continue to receive, more rainfall in absolute terms. This overall 
increase in monsoon rainfall for the state is consistent with the findings of the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC). 

60. Table below shows the projected increases in mean temperature and average monsoon 
rainfall over Maharashtra. The projection for the 2030s is the average of projections for the 
period 2021-2040. Similarly, the projection for the 2050s in the average of projections for 
2041-2060 and that for the 2070s. 
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Table 5: Projected increase in annual mean temperature and in monsoon rainfall of the State 
(Source – MSAAPCC) 

Division IMD 
climate 
normal: 
annual 
mean 
Tº (ºC) 

Projected increase in annual 
mean temperature (ºC) 

IMD 
climate 
normal: 

monsoon 
rainfall 
(mm) 

Projected increase in 
monsoon rainfall (%) 

  2030s 2050s 2070s  2030s 2050s 2070s 

Amravati  27.21 1.44-1.64 2.2-2.35 3.06-3.46 785.3 17.5-30 22.5-32.5 15-27.5 

Aurangabad  26.46 1.44-1.56 2.15-2.3 3.14-3.38 708.8 12.5-27.5 15-30 20-40 

Nashik  26.79 1.4-1.68 2-2.4 2.82-3.3 567.5 17.5-40 15-40 15-52.5 

Nagpur  27.19 1.18-1.4 1.95-2.2 2.88-3.16 1124.7 12.5-20 12.5-30 15-27.5 

Pune  25.22 1.15-1.28 1.65-1.95 2.46-2.74 852.2 10-32.5 10-32.5 12.5-37.5 

Konkan  26.99 1.1-1.28 1.5-1.8 2.18-2.6 2578.2 10-30 10-30 10-32.5 

 
 

 

Figure 6: MAGNET project sites (Output 3) and projected increase in annual mean 
temperature of the State (Source – MSAAPCC) 

 

Figure 7: MAGNET project sites (Output 3) and projected increase in monsoon rainfall of the 
State (Source – MSAAPCC) 
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61. The results show that temperature and rainfall projections will increase all over 
Maharashtra, but with regional variations. The projected rise in mean temperature is 
highest for the 2070s compared to the 2050s and 2030s. Amravati and Aurangabad 
divisions may experience a higher rise in annual mean temperature than other areas of 
Maharashtra. By the 2030s and 2050s, the projected increase in monsoon rainfall is 
relatively more for Amravati and Nashik divisions. Divisions like Konkan and Nagpur are 
projected to receive, more rainfall. This overall increase in monsoon rainfall for the state is 
consistent with the findings of the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC)11.  

62. Sea-Level Rise - Sea level rise analysis is based on Maharashtra coastline studies. 
Historical analysis of 100-year tide gauge data7 and 17-year satellite data showed a sea 
level rise of 0.13-2 cm per year. In the future, global mean sea level is projected to increase 
by 30 cm to 55 cm by the end of the 21stcentury for a medium range climate change 
scenario (RCP 4.5). Though there may be some regional variations, about 68% of the 
world’s coastlines are projected to experience sea level rise of within ±20% of this range 
for this scenario. This corresponds to a range of about 24 cm to 66 cm for the Maharashtra 
coastline by end of 21st century. Moreover, global models predict that this sea level rise 
could be accompanied by increase in wave heights, increase in wind speeds, and greater 
storminess and storm surge. This accentuates the danger of coastal inundation if high 
precipitation event, high tides and hydro-meteorological weather events like storms etc. 
are concurrently observed. 

 
 

Figure 8: Mean sea level anomaly for Mumbai port relative to relative regional sea level rise 
projections from IPCC AR5 

Blue: mean sea level anomaly using tide gauge data for Mumbai coast, Black: observed 
trend linearly extrapolated in case no climate change, Green: projected Sea Level Rise 
(SLR) for coastlines under low level scenario (IPCC AR5), maroon: projected SLR for 
coastlines under high level scenario (IPCC AR5).  

 

63. Regarding extreme precipitation and flooding, the review of historic data shows extreme 
rainfall event has become more frequent. Extreme rainfalls are projected to increase by 
2030s more in the northern part of the project area, while the number of low rainfall days 
is projected to decrease more in the southern part. Trend analyses indicate that the onset 
of the monsoon rains becomes less predictable and that in‐season withdrawal with 
extended periods of drought will become more frequent. With regards to drought, 3 out of 

 
11 IPCC Working Group 1 Technical Summary Section TS.5.8.1 and Table TS.2   
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the 5 years preceding 2020, saw the state of Maharashtra affected by severe droughts. 
Frequency and duration of droughts are expected to increase based on observed trends. 

Future Climate Hazards 

64. Thus, it is concluded from the above information that the State of Maharashtra is exposed 
to following climate and geophysical hazard in the current and future timeframes. Table 
below illustrates climate and geophysical hazards exposure matrix derived from Climate 
and Disaster Risk Screening Report for Maharashtra Agribusiness Network Project 
(MAGNET), India, using World Bank Risk Screening Tool – refer to Annex 1 for more detail 
assessment results.  

Table 6: Climate and geophysical hazards exposure matrix for sub-projects in MAGNET 
under Output - 3 

 
65. Rising temperature has direct impacts on the post-harvest value chain operations, which 

are discussed in detail in the subsequent paragraphs. As per the temperature projections 
for 2050s reported in Maharashtra State Adaptation Action Plan for Climate Change 

(MSAAPCC), the State in its entirety is projected to experience at least 1C rise in 
temperature. Thus, most of the proposed facilities under Output 3 is likely to get impacted 
due to rising temperature.  

66. The climate impacts of increasing temperature are:  

• Accentuating the greater need for pre-cooling and cold-storage capacities and 
demanding such facilities to be located near to the farm such that it takes minimum 
time to remove the latent heat from the crop after it has been harvested and reduce 
the rate of natural degradation process;  

• From the above and as a follow-up impact, enhancing the energy demand of the 
processing units and thereby increasing overall energy foot-print of the crop value 
chains;  

• Need for refrigerated trucks also known as reefers to transport processed produced 
to market. 

67. Rainfall variability has both direct and indirect impacts on the agriculture sector. Based on 
geographical locations where there are drought-prone regions, reduced precipitation, and 
change on the period of monsoon, the proposed projects will likely experience water 
scarcity. As variable rainfall can impact quality and quantity of crop productivity, this future 
climate condition will certainly affect the post-harvest operations. There will be concerns 
on continuity of processing as well as quantity to be processed. Therefore, agricultural 
losses are expected in the district of Latur, Beed, Pune, Nasik, Nanded, Jalna, Jalgaon, 
Aurangabad, Sangli, and Wardha.  

68. On the other hand, extreme precipitation could cause flooding/ temporary inundation in 
coastal regions of the State. Thus, proposed projects in Mumbai Metropolitan Region (3 
units at Vashi), likely to experience flooding during monsoon months. Since Maharashtra 
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has 720km of coastline, coastal districts such as Thane, Raigad, Ratnagiri, Sindhudurg 
are likely to experience flooding due to SLR in the future.  

69. The district-wise Hazard-Impact matrix indicates which sites are likely to experience 
extreme climate events, with impacts being low, medium and high indicated by colour 
range as follows: 

 

Indicator  Impact 
magnitude 

 Low 

 Medium 

 High 

 
 
Table 7: District-wise Hazard-Impact matrix for project sites under Output 312 

Impact 
Hazard 
Matrix 
(for 2030s) 
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MMR 
√ √       

Thane 
√ √      √ 

Nasik 
√ √ √ √  √   

Pune 
√    √ √   

Sangli 
√    √ √   

Jalgaon  
√ √ √ √  √   

Aurangabad 
√   √  √   

Beed 
√   √ √ √   

Latur 
√   √ √ √   

Jalna 
√   √ √ √   

Nanded 
√    √ √   

Amraovti 
√     √   

Wardha 
√ √    √   

 

 
12The analysis has been derived based on climate risk analysis conducted using World Bank Risk Screening Tool, 

presented in Annex 1 of this report.  
13 Increase in temperature by 1.2 to 1.5C 
14 Heat Wave – derived based Heat Index: an index that combines air temperature and relative humidity in an 

attempt to determine the human perceived equivalent temperature- how hot it feels, termed as the felt air 
temperature 

15  Increase precipitation – monsoon rain 
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IMPACTS OF CLIMATE CHANGE 

Impacts of Temperature on Harvested Crops 

70. Temperature increase affects directly photosynthesis, which cause alterations in sugars, 
organic acids, flavonoid contents, firmness, and antioxidant activity. High-temperature 
stress is known to decrease Vitamin C, starch, sugars and volatile flavour compounds in 
fruits crops. Scientific research suggests that due to rise in temperature, crops will develop 
more rapidly and mature earlier. For example, citrus fruits and grapes are likely to mature 
earlier by about 15 days. Strawberries may produce more runners at the expense of fruits. 
Due to longer summer and longer hot days, the dormancy breaking of pomegranate is 
observed to occur earlier. Citrus fruits, such as orange and sweet-lime growers, are facing 
delay in monsoon, dry spells of rains, and untimely rains, hailstorms that destroy the 
matured crops and crop’s quality as well. Vidarbha, summer temperatures often go beyond 

45C. This requires frequent irrigation of the crop at close intervals of 5 to 6 days to keep 
the atmosphere around the tree humid and cool. However, for small and marginal farmers 
it is difficult to arrange for irrigation facility on time. 

71. Similarly, banana cultivation often suffers from soil moisture stress due accelerated 
evaporation due to high temperature. For guava, there is severe increase in pests and 
diseases due to hot and humid conditions (Hazarika 2013). It has been observed that high 
temperature leading to low moisture in soil also increases sunburn and cracking in custard 
apples. 

72. All of these impacts have direct linkages on the productivity of the post-harvest facilities, 
often grappling with crop cycles and poor quality. Indirectly, seasonal labourers working in 
the facilities in sorting, grading and packing line, mostly women are often economically 
impacted as they are landless farmers and depends on facility operations for additional 
livelihood. A delayed season and or low production of crops could put them to poverty 
during lean period. 

 

 Impacts of Temperature on Post-Harvest Operations 

73. Once a produce is harvested, it is the value-chain operator’s responsibility to maintain the 
quality and the quantity of the produce. The degradation process in fruits and vegetables 
begins naturally once the produce is harvested, and generally proportionate to increasing 
temperature. Although the rate of decomposition differs from one produce type to the 

other, it is estimated that food degradation increases by 2 to 3folds with every 100C rise 
in temperature (defined as Q10 coefficient) (Kitinoja, 2014) leading to heavy losses in 
terms of quality and as well as quantity. The losses in terms of value are huge in export 
market as a lower quality produce does not get good price. This kind of losses can be met 
only by freezing harvested crop as close to the source as possible, and transporting the 
freeze crop in refrigerated containers.   

74. Fresh fruits and vegetables need low temperatures (0 to 12°C) and high relative humidity 
(80 to 95%t) that is provided by cold-storage facilities. This helps in lowering the respiration 
rate if the crop and to slow metabolic and transpiration rates. By slowing these processes, 
water loss is reduced and food value, quality and energy reserves are maintained. Thus, 
extended and improved cold-storages becomes a critical component in post-harvest value 
chain.  

75. According to the Central Institute of Post-Harvest Engineering and Technology (CIPHET), 
Ludhiana, approximately 18% of the country’s fruits and vegetables, worth INR 133 billion, 
go to waste annually due to lack of cold storage facilities. The chart below shows the 
percentage wastage of fruits and vegetables as compare other perishable food items such 
as milk, fish, and meat products.   
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Figure 9 Annual cumulative wastage percentage in various commodities 

 
 

76. Maharashtra has only about 1million metric ton16 of cold storage while it produces 21million 
metric tons of horticultural produce (food and vegetables)17. Thus, the State significantly 
lacks in cold-storage facilities. Based on the study done by NCCD titled, “All India Cold-
chain Infrastructure Capacity (Assessment of Status & Gap), an overall estimation of cold 
chain infrastructure requirement in the State is about 1,57,709MT, including both hub and 
bulk facilities. The increase in ambient temperature resulting from climatic change is likely 
to further accentuate the projects need for a greater number of facilities and perhaps to be 
located immediately after harvested fields.  

77. Next is the availability of refrigerated trucks also known as reefers. There are multitude of 
players involved in production of reefers trucks as this segment is not integrated. There 
are over 3,500 companies in the value chain sector, where cold chain solution provider 
companies constitute 85% of the market, while transportation services, such as 
refrigerated trucks, account for the remaining 15%18. As reported by Indo-US Chamber of 
Commerce (August 2011), in 2010, there were only 250 reefer transport operators 
operating around 25,000 vehicles across the country for transportation of perishable food 
items. Of these vehicles, 80% were utilized for the transportation of milk, leaving only 5,000 
vehicles for other produce such as fruit and vegetables. Lack of refrigerated trucks further 
explains the rate of horticultural waste in the country.  

78. While impacts of climate change on harvested crops demands greater need of cold-
storage facilities, cold-chain itself is an energy intensive application, often relying on diesel 
for off-grid and on-vehicle cooling. Following cause and effect flow-diagram suggested by 
Karl M. Rich and KanarDizyee19, explains the relationship between cold-storage demand 
and climate impacts. 

 
16 Cold Chain Opportunities in India: The Perishables Sector Perspective, November, 2018, YES BANK 

https://www.yesbank.in/pdf/indian_organic_sector-vision_2025.pdf 
17  Horticultural Statistics at a Glance 2018 

http://agricoop.nic.in/sites/default/files/Horticulture%20Statistics%20at%20a%20Glance-2018.pdf 
18  Indian Cold Chain Show, 2012  
19 Policy options for sustainability and resilience in potato value chains in Bihar: a system dynamics approach, Karl 

M. Rich, KanarDizyee, Dec 2016 

https://www.yesbank.in/pdf/indian_organic_sector-vision_2025.pdf
http://agricoop.nic.in/sites/default/files/Horticulture%20Statistics%20at%20a%20Glance-2018.pdf
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79. Currently HCFC-based chillers (mostly R-22) are the predominant technology used in cold-
storage of MSAMB with high global warming potential (GWP) of about 1810mt 
CO2equivalent (100years of period). Which means 1 kg of R-22 if released in air is 
equivalent to releasing 1810mt of carbon-dioxide. And the data suggest that the facilities 
being very old, an annual recharge of gas is almost about one kilogram. Additionally, poorly 
insulated building – with high U-value – can result in a significant increase in cooling and 
thereby increased energy consumption. Currently, existing energy efficiency building 
codes of India, ECBC codes are not applicable for cold-storages, so guidelines pertaining 
to cold-storages focus on maintaining quality and not the energy efficiency and 
sustainability of the system. 

 

Figure 10: Cold-storage demand and Climate Change - a cause and effect flow-diagram 
suggested by Karl M. Rich and KanarDizyee 

 
80. Based on discussions with various user groups, following are the reasons evolved for 

poor maintenance and utilization of the facilities. 

• Lack of appropriate infrastructure to transport the produce from farm-gate to the 
packhouse. First mile transportation is dependent on farm vehicles such as tractor 
trailers, which are inadequate in maintaining freshness of horticultural produce and 
lead to losses. Conventional refrigerated reefer vehicles are financially unaffordable 
for farmers unless the services are grouped under an FPO or cooperative such as 
Saiyadri; 

• Limited financial capacity of marginal and small farmers to store the produce at the 
farm-gate. They therefore do not use existing cold-chain facilities incurring high 
costs for them. They try to encash the produce as soon as possible and often freeze 
deals with middle-man and or value-chain operators at the beginning of cultivation 
period. Distress sale is a well- known phenomenon in the State; 

• Higher cost of electricity coupled with lack of adequate/ continuous power supply 
leading to lower maintenance of facilities. 

81. While the increase in cold-storage infrastructure brings hope to improve market 
connectivity and reduce food loss, this is likely to come with huge energy costs, carbon 
dioxide emissions and if still designed in conventional manner using HFCs there is likely 
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to be great damage to the ozone layer, in addition to the climate crisis. Using the most 
energy efficient refrigeration technologies, it would be possible to substantially extend and 
improve the cold-storage facilities without any increase in CO2, and possibly even a 
decrease as compare to current releases. 

Impacts from rising atmospheric CO2 levels 

82. The rise in atmospheric CO2 levels has both positive as well as negative impacts on crop’s 
growth, and direct and indirect effects on secondary metabolite synthesis in plants. While 
rise in atmospheric CO2 improves the Vitamin C, sugars, acids and carotenoids in oranges 
and strawberries, elevated level of CO2 has been observed to affect post-harvest quality 
causing sugar content reduction. This may lead to loss of some premium markets for such 
fruit crops, demanding certain level of sugar content in the fruit.  

Impacts of Rainfall decrease on Harvest Crops 

83. Below average rainfall reduces moisture content in the soil, leading to reduced uptake of 
nutrients and thus limiting the development of fruits and vegetables in a normal manner. 
Whereas excess of water and flood condition may lead to root decomposition. Chillies and 
onion are however both drought and flood resistant and therefore can withstand rainfall 
variabilities. 

84. In 2008, the State reported huge losses with production due to prolong drought conditions. 
In 2010, about 15% of the fruit crops were damaged due to rising heat and untimely 
hailstorm. The hailstorm caused the fruits in the nascent stage to fall off, and caused black 
patches on those left on the trees. Erratic rainfall in the region results in upsetting the 
process of sprouting of shoots into flowers and fruits. Thus, the overall impact is reduced 
quality and quantity of produce available for the post-harvest facilities to receive. However, 
given the fact that the post-harvest sector is under-developed compare to the total fruit 
and vegetable crop is grown, there is less likely to be any business impact due to rainfall 
variation.  

85. Those units (see Table 7: Nasik, Pune, Sangli, Jalgaon, Aurangabad, Beed, Latur, Jalna, 
Nanded, Amraovti, Wardhathat) are located in drought-prone region are likely to face 
water-scarcity due to reduced precipitation and shift in arrival time of monsoon.  

NON-CLIMATIC STRESSORS 

86. Socio-economic condition of a community and available infrastructure also plays vital role 
in determining the adaptive capacity of the community to climate change. Improved 
adaptive capacity reduces the overall vulnerability of the area, the community and the 
livelihood sectors – herein primarily agriculture. 

87. Based on the 2011 census, 54.78% of the total population in Maharashtra belongs to the 
rural category and nearly 37.28% of the States’ population are living below poverty line 
(BPL) – indicating possible presence of very many small and marginal farmers in the rural 
areas as agriculture is the primary source of livelihood in the State.  

88. As per census data, the rural land holdings are small with 40% of landholdings is less than 
one-hectare, i.e. ‘marginal’ category, thus the per hectare crop yield is lower. The 
proportion of area under agriculture in the State is 57.2%, the share of agriculture and 
animal husbandry to the State’s GDP remains low at 13%.  

89. About 84% of the total area under agriculture is directly dependent on the monsoon and 
more than 30% of the total area of the state falls under rain-shadow region where scanty 
and erratic rains occur. This indicates high dependency on groundwater in absence of 
surface water irrigation system, and scanty and inconsistent precipitation.  
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90. According to groundwater surveys conducted by Groundwater Surveys and Development 
Agency of Pune20, the groundwater development21 are highest in Nashik (25), followed by 
Jalgaon (19), Amravati (13), Sangli (11) and Latur (10). Figures within parenthesis 
indicates number of groundwater observation well found over-exploited, critical and semi-
critical in the given district as per latest assessment. The over withdrawal of groundwater 
in these districts is attributed to the water intensive cash crop like Sugarcane, Banana, 
Grapes and Oranges, which are mostly groundwater dependent. 

91. It is revealed from the data that the areas which have emerged as overexploited, critical 
or semi-critical in regard to ground water are predominantly at drought-prone areas, where 
there is highest percentage of water intensive commercial crops and compounded by low 
rainfall. 

VULNERABILITY ASSESSMENT 

92. According to the State’s Adaptation Action Plan, following is the district vulnerability index 
of the State. The projection suggests that the district of Dhule, Nandurbar, Baldana, 
Jalgaon, Nashik, Jalna, Hingoli and the metropolitan region of Mumbai are the most 
vulnerable districts of the State. This vulnerability assessment includes assessment of 
social and economic sensitivity and adaptive capacity assessment. Thus, the project 
districts will more or less behave in the similar manner. However, magnitude of impact will 
depend on adaptive capacity of the units. 

93. How Vulnerability of Districts 
have been determined – 
Under Maharashtra State 
Adaptation Action Plan for 
Climate Change, the 
vulnerability index at district 
level have been determined 
based on “indicator- based 
approach”. Indicator- based 
approach fundamentally 
assesses vulnerability to 
climate change in quantitative 
terms using individual indicators 
and aggregating them into an 
index to get overall vulnerability.  

 
Figure 11: Vulnerable District 
of the State - Maharashtra State Adaptation Action Plan (MSAAP) to Climate Change 

 

94. The (1) first step in index development is the selecting the indicators which capture the 
key context specific vulnerabilities in terms of sensitivity, adaptive capacity and exposure 
to climate change, such as; exposure of horticultural fields to extreme temperature and 
rainfall, where the sensitivities are percentage of marginal working in such fields and 
number of fields have irrigation facility, and availability of crop insurance and access of 
capital to the farmers are the adaptive options. The next stage is (2) data collection which 
forms a significant step in indicator-based approach. Besides data collection, the unit of 
analysis also forms an important aspect, such as normalization of the data to bring 
uniformity. This is followed by (3) data analysis and aggregation to (4) develop the 
vulnerability index. The study follows the approach adopted by O’Brien et al. (2004) to 

 
20  Operating under Water Supply and Sanitation Department, Government of Maharashtra 
21 Those that are reported as over-exploited, critical and semi-critical watersheds 
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assess vulnerability of Indian farmers to future climate change, wherein they assume that 
climate change exposure (i.e., ongoing and future exposure) will affect current sensitivity, 
either positively or negatively, and that farmers will respond to these changes in climate 
sensitivity if they have sufficient adaptive capacity. Vulnerability in the assessment refers 
to the resulting physical vulnerability, which is contextually the same as risk as defined 
post IPCC AR5. 

95.  

 
 

Figure 12: Indicators comprising the macro-level vulnerability index of Maharashtra 
(MSAAPCC) 

 
96. Under Output 3, the proposed infrastructure development includes development of 1 new 

facility as greenfield projects22, 2 new facilities as brownfield expansion23, upgradation of16 
facilities in regard to technological improvement and automation, and expansion of a 
training facility (both physical expansion and equipment improvement) within the existing 
campus of National Institute of Post-Harvest Technology. These facilities are primary 
processing units, wherein only sorting, grading and packing of the fruits and vegetables 
takes place. In some of the packhouses ripening chambers are available, depending on 
the crop regions – such as in case of banana and mangoes. There is only one irradiation 
facility, existing in Vashi suburbs in the city of Mumbai (under Mumbai Metropolitan 

 
22  Greenfield expansion – Involves acquiring new land that is either being leased or given to MSAMB by APMC for 

building new packhouse and cold-storages.  
23  Brownfield expansions – in each of these sites, a new packhouse (building) with modern equipment is being built 

within the existing land premise owned/ leased by MSAMB adjacent to the existing facility at respective site. In 
other words, a second unit being built beside the existing and operational unit. Both have common boundary 
wall  
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Development Region) which is export oriented. Thus, this facility has no significant direct 
interaction with climatic elements as compare to its upstream activities of horticulture crop 
production.  

97. Water usage in these facilities is limited to floor washing, cleaning of equipment such as 
packing benches and for toilet purposes. The energy footprints of these facilities are also 
less as compared to secondary food processing units. Thus, exposure of these units to 
climate change is low and therefore at less risk. 

98. Due to their geographical placement in drought prone areas, these units are likely to 
experience water scarcity in near future. Most of these units depend on groundwater 
except for the proposed facilities at Pune, Sangli, Vashi and Thane, which supplied with 
water through pipe system by local authority. Those facilities dependent on groundwater 
may have to invest with digging wells to adapt on groundwater table depletion. While the 
facilities dependent on pipe water supply would have to pay more for the same water 
usage.  

99. Indirect Impacts leading to operational vulnerability and or business losses- The 
outcomes of the climate risk screening indicate the vulnerability of all project locations 
constant rise in temperature. The energy demand of the post-harvest facilities is likely to 
increase with increase in temperature. Thus, translating into more operational costs. In 
absence of reefer trucks, the crop transported by normal trucks are likely to have more 
exposure to high temperature and events of heatwaves. This can lead to crop losses, and 
indirectly impacting post-harvest businesses and value chain operators. Increase in 
temperature and heatwave may also reduce the productivity of the labourers working in 
the facilities. This in turn may reflect as operational delays and therefore impact the overall 
turnover of the businesses.  

100. It is noted during discussion with few FPCs in Pune and Nashik district that the target 
crops cultivated by most of the members is being changed due to vagaries of monsoon 
and hailstorms. This leads to significant change in the product mix. For instance, Kalyan 
FPC had sweet lime producers but have shifted to pomegranate and grapes owing to 
change in monsoon pattern and low rainfall during summer and winter. 

ADAPTATION AND MITIGATION MEASURES 

101. Objective: ADB recognizes that tackling climate change, building climate and disaster 
resilience, and enhancing environmental sustainability are critical to achieving its Strategy 
203024 vision of a prosperous, inclusive, resilient, and sustainable Asia and the Pacific. 
The key responses identified under operational priority 3 of Strategy 2030 include scaling 
up support to address climate change, disaster risks, and environmental degradation; 
accelerating low GHG emission development; ensuring a comprehensive approach to 
build climate and disaster resilience; ensuring environmental sustainability; and increasing 
focus on the water–food–energy nexus. 

102. Since the project focuses on post-harvest facilities, involving packhouses and cold 
storages, advancing energy efficiency and use of low-carbon energy sources, as mitigation 
measure and climate proofing projects as adaption strategy, are suitably applicable to the 
sub-projects herein. Thus, options under these core elements have been explored.  

103. The project’s initiatives on climate resilience in post-harvest facilities and operations is 
expected to lower the impact of the sector’s exposure to the projected extreme 
temperature, extreme precipitation and flooding, and drought. The scaling‐up under the 
project (specifically under Output 2) of climate‐resilient technologies and agronomic 
practices is expected to lessen the climate impacts on the project’s investments on cold 
storages, packhouses, and post‐harvest management. Similarly, the project’s emphasis 

 
24https://www.adb.org/sites/default/files/institutional-document/495961/strategy-2030-op3-climate-change-

resilience-sustainability.pdf 

https://www.adb.org/sites/default/files/institutional-document/495961/strategy-2030-op3-climate-change-resilience-sustainability.pdf
https://www.adb.org/sites/default/files/institutional-document/495961/strategy-2030-op3-climate-change-resilience-sustainability.pdf
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on capacity enhancement of FPOs/ FPCs, Value chain operators, skills development of 
local stakeholders including farmers, and support for the development of climate‐sensitive 
practices and operations of the FPOs will significantly strengthen the adaptive capacity of 
the horticulture sector of the State of Maharashtra. 

104. Post-harvest losses in the State could be reduced by improving infrastructure, 
increased investment in the cold chain facilities, improved regulations on extraction of 
natural resources such as water, and better forecasting of weather and technological 
innovations such as solar power reefer trucks, decentralised solar power cold-storages, 
and rainwater harvesting systems. 

105. A few case studies on innovative technologies relevant to the project have been 
presented below.25 

Box 2 – Solar-powered Milk Chilling and Cold-Storage System in India – a Case Study 

India is the largest producer and consumer of milk 
in the world; 130 million tons of milk is produced 
annually by rural farmers in India, yet a significant 
proportion of this is lost due to non-existent cooling 
systems in small villages and farms. Lack of a 
reliable electricity supply is one of the biggest 
challenges in India. Promethean Power Systems, a 
Pune-based company that has pioneered a diesel-
free, thermal-energy-storage-based refrigeration 
solution which led to the creation of a “rapid milk 
chiller” (RMC).  

Figure 13: rapid Milk Chiller by Promethean Power System 

The chiller is a dome-shaped machine that couples to a thermal energy battery to cool the 
milk from 35° Celsius down to 4°Celsius. Cooling takes place by means of a heat exchange 
with cold fluid inside the dome and the milk that is poured into the container. Even when the 
electrical power is unavailable, the chiller can cool up to 500 litres of milk using only the thermal 
energy stored in the battery. The chiller-battery pair is installed in village collection centres 
enabling villagers to keep their milk fresh for up to 2 days. This has led to inclusion of isolated 
villages into the dairy market of India, reduction in GHG emission from frequent transportation 
of milk collection vehicles – which now collects only after a certain volume of milk has been 
collected, and significant reduction in losses of milk produced by the Indian farmers. The 
proprietors of the technology have so far sold 300 units in the State of Maharashtra, West 
Bengal and Tamil Nadu.  
 
Applying the same technology, Promethean Power Systems has also innovated cold-storage 
system that can be installed at farm level for initial cooling of the fruits and vegetables just 
after harvesting. First cool then transport principle enables longer shelf life and higher margins 
on quality produce while capturing more farmers in the catchment area and eliminating post-
harvest losses. This will help the framers and value chain operators/ FPOs/ FPCs, retain the 
quality of the produce harvested.  

 
25 Source:  
https://www.rural21.com/english/search/detail/article/solar-powered-milk-chillers-for-rural-india.html 
Promethean Power Systems designs and manufactures refrigeration systems for cold-storage and milk chilling 

applications - https://coolectrica.com/products/cold-storage-solutions/ 
Powering Agriculture: An Energy Grand Challenge for Development (The United States Agency for International 

Development (USAID), the Swedish International Development Cooperation Agency (Sida), the German Federal 
Ministry for Economic Cooperation and Development (BMZ), Duke Energy, and the Overseas Private Investment 
Corporation (OPIC))- https://poweringag.org/about 

 

https://www.rural21.com/english/search/detail/article/solar-powered-milk-chillers-for-rural-india.html
https://coolectrica.com/products/cold-storage-solutions/
https://poweringag.org/about
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It is well established that cold-chain is the key to tackling the post-harvest crop losses of 
perishable produce such as fruits and vegetables. However, in absence of decentralised farm-
level facilities such as “rapid milk chiller”, farmers and value chain operators bear significant 
losses. Such losses also mean loss of environmental cost in terms of loss of soil nutrients and 
water that was invested to grow the crops, as well as social cost in form of farm labour. Crop 
losses also has direct correlation between farmers health and his/ her family wellbeing. More 
the loss, less is the spend on health and family needs.  
 

The primary challenge in developing a cold-storage that is small, can be installed at farm-level 
and is also affordable, is not the initial capital cost of the equipment but the need of reliable 
electricity supply which often not available at rural India. In such cases, cooling and 
refrigeration relies on diesel fuel, which is an expensive option and may not be easily available 
in all rural settings. Thus, the Promethean’s CSS chills and stores fresh fruits and vegetables 
at farm level by utilising solar energy to charge the power storing batteries. The charged 
batteries facilitate in chilling the fresh produce immediately at the source and acts as a back-
up in during time of no grid supply. This stationary cooling system can chill farm produce up 
to 4degC under erratic grid conditions without requiring a diesel generator. 
 

Farmers can share the system collectively or at FPO level thereby reducing the time to break-
even the investment. The only additional requirement is that the farmers need to develop the 
skill set to operate and maintain the technology. 
 

 
 

Figure 14: Technical Specifications for Solar Power Cold Storage System - Promethean 
Power Systems 

Adaptation Measures 

106. Adaptation measures can alleviate vulnerability and reduce climate change impacts. 
This section discusses the adaptation options that have been identified based on CRVA 
outcomes, study of the options available and after consulting with MSAMB.  
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Infrastructural measures 

I. Rainwater Harvesting 

107. For the proposed projects at drought prone regions, rainwater harvesting has been 
proposed as an adaptation measure to the decrease of future rainfall. Rainwater 
harvesting will not only support the facility’s requirement but also recharge the local aquifer 
acting as a natural water storage facility for groundwater. In absence of pipe water 
connection, the communities near the proposed areas are dependent on groundwater for 
their daily needs. Thus, recharging the aquifers will enable the communities to some extent 
develop resilience to annual drought events. Figure below represent an illustrative model 
for ease of understanding. However, actual infrastructure to be installed could vary in 
shape and size and other financial information.  

 

 

Figure 15: Rainwater Harvesting System - for Illustration only. 

108. Installation of rainwater harvesting system at the facility can also act as technology 
exhibition for the local communities to test and adopt. It has been noted from site visit that 
the seasonal labourers working in the facilities belongs to the communities located around 
the facility. During off-season, i.e. after the crop has been harvested, communities working 
in the farmlands, especially women, joins the operation in the packhouses. Thus, any 
adaptation measure deployed at the facility-level will act as a catalyser for the community 
to adopt in a suitable manner. Following are the unit-based calculation showing amount of 
rainwater expected to yield:  

Table 8: Unit based calculation of max. rainwater recharge potential of the system proposed 

Name and location of 
the unit 

Catchment 
Area (rooftop) 
(sq. m) 

Average annual 
rainfall 
considered 
(mm)  

Maximum 
amount of 
rainwater 
recharge (cu.m) 

Export Facility Centre, 
Mohadi, Tal: Dindori, 
Dist: Nashik 

Existing – 1587  
Proposed – 686  
 
Total = 2273 
 

679 
 

1389.03 

Export Facility Centre, 
Chandwad, Tal: 
Chandwad, Dist: 
Nashik 

Existing – 1100 
Proposed – 
1846 
 
Total = 2259 
 

529 
 

1075.51 
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Name and location of 
the unit 

Catchment 
Area (rooftop) 
(sq. m) 

Average annual 
rainfall 
considered 
(mm)  

Maximum 
amount of 
rainwater 
recharge (cu.m) 

Export Facility Centre, 
Savda, Tal: Raver, Dist: 
Jalgaon 

Existing – 1291. 
Proposed – 968  
 
Total = 2946 
 

550 1458.27 

Center for custard 
apple at Beed, Dist. 
Beed 

745 
 

675 453.13 
 

Export Facility Centre, 
Latur 

409.85 725 267.42 

Fruits & Vegetable 
Modern Marketing 
Centre, Ardhapur, Dist: 
Nanded 

375 778 262.57 

Export Facility Centre, 
Jalana 

1210 726 790.61 

Fruits & Vegetable 
Modern Marketing 
Centre, Karmad, Dist: 
Aurangabad 

220.62 741 147.13 

Fruits & Vegetable 
Modern Marketing 
Facility Centre, 
Chandur Railway, Dist: 
Amravati 

884.88 750 597.29 

Orange Export Facility 
Centre, Karanja 
Ghadge, Dist: Wardha 

2943.55 750 1986.89 

Grapes & Pomegranate 
Export Facility Centre, 
Baramati, Dist: Pune 

1660 510 761.94 

Export Facility Centre, 
NIPHT Premises, 
Talegaon Dabhade, 
Dist: Pune 

904 1148 934.01 

Pomegranate Export 
Facility Centre, Atpadi., 
Dist: Sangli 

806.39 565 408.67 

Fruits and Vegetable 
Handling Facility 
Center, Pachod, Dist. 
Auranagabad 

2064.44 605 1124.08 

Fruits and Vegetable 
Handling Facility 
Center, Baramati, Dist. 
Pune 

5815 510 2669.08 

National Institute of 
Post-Harvest 
Technology, Talegaon 
(Dhabhade), Dist. Pune 

6500 1148 6715.8 
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Name and location of 
the unit 

Catchment 
Area (rooftop) 
(sq. m) 

Average annual 
rainfall 
considered 
(mm)  

Maximum 
amount of 
rainwater 
recharge (cu.m) 

Total Rainwater 
Recharge  

  21041.48 cu.m. 

 

109. Based on above calculation 21,000cu.m of rainwater can be harvested annually across 
the State through the MSAMB facilities. This can serve about 160 family of four members 
consuming.135cu. m. per capita per day.   

 

Mitigation Measures  

Infrastructural measures 

Solar Rooftop Power Generation  

110. Post-harvest technologies require energy to run and operate. Solar rooftop power 
generation has been identified as a mitigation measure to be installed at new facilities 
being proposed under MAGNET. New facilities at Pachod and Baramiti will replace 1% 
and 20% respectively the energy demands of the sites through electricity generation 
powered by solar. This will not only show a positive change in carbon-footprint of the 
facilities, but also allow equivalent electricity be available for the community usage and 
reduce grid load. The site features are given below:  

Table 9: Unit-wise Solar Rooftop System and GHG mitigation calculation 

Particulars  Pachod Baramati 

Total roof area to be covered26 65 sq. m 3000 sq.m 

Total installed capacity of the system27 
 

6.5kW 300kW 

Capacity of solar PV panels to be used28 325W 325W 

Type of inverter being proposed Micro-
inverter 

Series of Micro-
inverters 

Capacity of the battery Grid connected through two-way 
metering  

Generation Calculation: 
Assumptions (as recommended by Ministry of New and Renewable Energy 
(MNRE), Govt. of India29 

• Average solar irradiation in MAHARASHTRA state is 1266.52 W / sq. m 

• 1kWp solar rooftop plant will generate on an average 5.0 kWh of electricity 
per day (considering 5.5 sunshine hours) (this is considered constant 
throughout the year as non-sunshine days have been considered while 
averaging out the generation per day.) 

• Capacity utilization factor considered is 80% to 85% 

Total generation of electricity expected 
(calculated); 

9750kWh per 
year or 
9.75MWh 

450000kWh per 
year or 450MWh 

Per cent of the total load of the facility be 
powered solar generation  

1% 15%-20% 

 
26  As per Detailed designed report provided by MSAMB 
27 As a thumb rule, 10sq. meter of area is required as installation space for 1 kW capacity solar system. 
28 As per design detailed provided by Project Engineering Design team of MSAMB 
29 https://solarrooftop.gov.in/rooftop_calculator 

https://solarrooftop.gov.in/rooftop_calculator
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GHG Calculation  
Assumptions:  
Indian grid emission factor - 0.92tCO2e/MWh, for combined margin30 
Life of the asset – 25years 

Total GHG saved per year 9tCO2e  414 tCO2e 

Over the lifetime of the asset  228 tCO2e 10350 tCO2e 

Soft measures 

111. Resilience can also be strengthened through non-engineering measures. Enhancing 
the knowledge of the FPOs/ FPCs and the value chain operators on the issues of climate 
change and the available means and measures to adapt to such changes and or measures 
to mitigate the causes, can strengthen the overall sector capacity to combat climate 
change as well as alleviate poverty.  

112. Capacity building – Under Output 1, training needs and workshop sessions have 
been identified for the FPOs and other value chain operators in the issues of climate 
change impacting post-harvest facilities and operations. Such trainings will also address 
the issues of gender inequity, and therefore highlight how women gets more impacted due 
to climate change and it holds good even in horticulture sector. Additionally, the trainings 
will focus on discussing the micro-scale technologies those that are relevant at FPO and 
or farm level, such that the farmers achieve the real benefits and post-harvest crop losses 
are reduced. Training programs on climate change will also discuss various steps and 
measures taken by the government under various schemes and programs to reduce the 
impacts of climate change and enhance the resilience of the farmers. This will then enable 
the FPOs/ FPCs join force, realize the benefits and for the State it will be a successful 
scaling up of its programs and schemes.  

113. Green-belt Development – Good vegetation cover has proven to be effective in 
preventing soil erosion by improving its moisture retaining capacity. This in turn facilitates 
better percolation of water and thus capture the rainwater runoff through sub-surface 
recharges. Additionally, good vegetation cover improves the micro-climatic conditions 
such that there is more rain and less heat in the surroundings. Thus, all sites of MSAMB 
will undergo an exercise of developing green-belt by planting of native trees. Ecological 
restoration by planting native vegetation to create more green space helps to ease out 
drought condition and should be implemented as much as possible in landscape planning 
and design.  

114. More green space created by good vegetation cover is also an effective option to 
reduce the heatwave risk to human health, as found by studies conducted across the 
world. Heatwave risk can also be managed through awareness raising of the stakeholders 
to enable preparedness in the event of a heatwave. 

CLIMATE FINANCE COMPUTATION 

115. In September 2015, ADB pledged to double its annual climate financing to $6 billion 
by 2020, with $4 billion for climate mitigation and $2 billion for climate adaptation. The 
project MAGNET also focuses on mainstreaming climate change issues in designing and 
implementation of the project. Thus, herein “climate finance” has been computed based 
on the Guidance Note on Counting Climate Finance at ADB issued in October 2016 to 
support a consistent bank-wide approach to the measurement and reporting of ADB 
climate finance. Thus, the capital cost of only those measures have been considered those 
that are absolute additional the project, and in absence of these measure, the project 
would still achieve its objective of improving network of post-harvest marketing and value 
chains for ten horticulture crops. However, in absence of these measures, the project will 
not be able to mitigate climate risk and maybe significantly affected. These measures are 

 
30 http://www.cea.nic.in/reports/others/thermal/tpece/cdm_co2/user_guide_ver13.pdf 

http://www.cea.nic.in/reports/others/thermal/tpece/cdm_co2/user_guide_ver13.pdf
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likely to reduce the risk exposure over the period of time and also enhance the resilience 
capacity of the communities in the surroundings.  

116. Measures such as green-belt development, improved waste management and 
capacity building efforts will also contribute to mitigating climate risk and adapt to future 
changes. However, these have not been considered as contribution towards mitigating 
climate risk, as these are partially mandatory in nature and commonly applied by industries 
to conserve surrounding environment. 

Table 10: Total Climate Finance Contribution through the Project 

Measure Climate 
Financing 

Type 

Capital Cost 
(million INR)31 

Capital Cost 
(million USD)32 

Total 

(million 
USD)33 

Rainwater 
Harvesting  

Adaptation 21.85 .3  .23 

Rooftop Solar 
System  

Mitigation 13.68 .19  .14 

Total   35.53 .49 .37 

CONCLUSION 

117. The future changing climate will have important implications for post-harvest facilities 
and operations. The State of Maharashtra have been observing a warming trend and the 
temperature will likely continuously increase due to climate change impacts. According to 
climate modelling using various RCP scenarios, the annual mean temperature is projected 
to increase by about 1.2ºC to 1.5ºC in 2030s. Similar impacts are also expected for the 
maximum temperature, which is closely related to heatwave hazard.  

118. Climate change will also have impact on future rainfall in the project areas (districts). 
The total rainfall in most of the project district will reduce, whereas the intensity will 
increase, thus indicating a pattern of concentrated precipitation in few days, while most 
of the year experiences dry-spell. Monsoon will also be delayed.  

119. Out of 13 project districts, 11 have been declared as drought prone. Further as most 
of the facilities are dependent on groundwater, it is highly-likely that the units will compete 
with local communities in extraction of groundwater. 

120. It is also envisaged that there will be greater bio-spoilage of crop due to high 
temperature post-harvest. This will then have indirect impacts on the overall profitability of 
the facilities.  

121. The project has identified rainwater harvesting for all facilities to combat water scarce 
condition and solar-rooftop electricity generation system in new facilities at Pachod and 
Baramati to shift towards more renewable energy sources and reduce overall carbon-
footprint of the facilities. Thus, the overall contribution to ADB’s climate finance counting 
stands to be about USD 10.4million as capital cost invested to implement the hard-core 
measures. Several soft measures, such as green-belt development, appropriate waste 
management and capacity building on climate issues and environmental conservation has 
also been identified and incorporated into project’s Output delivery.  

  

 
31 Cost estimate provided MSAMB Project Engineering Design team  
32 Where 1USD = 72.69 (March 14, 2021) 
33 Capital for the adaptation and mitigation measures are split between ADB and government financings (76-24). 

Only 76% of the total expenditure will be financed by ADB. 
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Annex 1 - Climate and Disaster Risk Screening Report 

 
 
 

Climate and Disaster Risk Screening Report for Maharashtra Agribusiness 

Network Project (MAGNET) in India34 

 
Table 1: Project Information 

Project Title: 
Maharashtra Agribusiness Network 

Project (MAGNET) 

 
Project Number: 

53145-001 under 154635: TA-9738 IND: 

Strengthening Capacity to Design and 

Implement Water and Rural Infrastructure 

Facility 

Assessment completed by: 
TRTA Consultant (Climate Change and 

Disaster Risk Management Specialist) 

Estimated timeline for 

PCN Year: 
2020 

Screening Tool Used: Rapid Screening Assessment 

 
 

 
34 This is the output report from applying the World Bank Group's Climate and Disaster Risk Screening Project 

Level Tool (Global website: climatescreeningtools.worldbank.org; World Bank users: 
wbclimatescreeningtools.worldbank.org). The findings, interpretations, and conclusions expressed from applying 
this tool are those of the individual that applied the tool and should be in no way attributed to the World Bank, to 
its affiliated institutions, to the Executive Directors of The World Bank or the governments they represent. The 
World Bank does not guarantee the accuracy of the information included in the screening and this associated 
output report and accepts no liability for any consequence of its use. 

The Climate and Disaster Risk Screening Tool provides high-level screening to help consider short- and long-

term climate and disaster risks at an early stage of project design. The tool applies an Exposure–Impact–

Adaptive capacity framework to characterize risks (Annex 1). Potential risks are identified by connecting 

information on climate and geophysical hazards with users’ subject matter expertise of project components 

(both physical and non-physical) and understanding of the broader sector and development context. 

 

The tool does not provide a detailed risk analysis. Rather, it is intended to help inform the need for 

further consultations, dialogue with local and other experts and analytical work at the project 

location to strengthen resilience measures in the course of project design. 
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Summary Climate and Disaster Risk Screening Report 
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Notes from the Screening Process 

1. Exposure of the project location Exposure 
Rating 

Moderate 

 

This step provides information on exposure to climate and geophysical hazards at the 

project location. The Exposure rating is Moderate. The project location has 

experienced climate and geophysical hazards in the past and is expected to 

experience these in the future with moderate intensity, frequency, or duration. The 

rating is based on climate information drawing on global, quality controlled data sets from 

the Climate Change Knowledge Portal. It is useful, for example to understand the 

temperature range and the rate of annual or decadal increase in a region; or precipitation 

patterns for historical and future time frames and seasonality shifts. Understanding the 

trends of hazards is important as they act individually and collectively on project 

components/subsectors. 

The following guiding questions were used to assess exposure: 

• What have been the historical trends of climate geophysical hazards? 

• How are these trends projected to change in the future in terms of intensity, 
frequency and duration? 

 
User Notes: The exposure rating has been selected as moderate to high due to the location 

of project sites at either drought-prone or flood-prone districts. Out of 13 districts where 

participating post-harvest facilities are located, 5 of them have been reporting drought for 

last five years (i.e. Latur, Beed, Jalna, Aurangabad, and Jalgaon) due to deficit rainfall. Other 

districts such as Nashik, Pune, Sangli, Nanded, Amravati and Wadha are also moderately 

drought prone. The projected climate modelling reported under Maharashtra State 

Adaptation Action Plan on Climate Change (MSAAPC), also indicates that there is less likely 

to be any change in the spatial variation of rainfall, which means the drought-prone districts 

will continue to receive less rainfall as historically. The model also predicts more dry days 

during non-monsoon months and therefore until surface and groundwater are managed well, 

with alternative irrigation facilities for the farmers, the drought- prone districts will only 

worsen. It should be noted that the post-harvest facilities under project consideration (under 

Output3) depends on groundwater in the absence of piped water. 

 

Further, the greenfield project at Bapgaon area, under Bhiwandi taluka (sub-district), of 

Thane district is located within "Hazard Line" of Coastal Regulation Zone. This indicates a 

high possibility of inundation of the area during extreme rainfall events or even during 

normal rainfall if the creek (Ulhas River) experiences blockage. Additionally, as projected 

under MSAAPC, the observed tide gauge data of Mumbai port indicates 0.8mm sea level 

rise (SLR) every year. This is expected to change positively even when RCP 4.5 (lower 

end) scenario is applied. This accentuates the danger of coastal inundation for the Mumbai 

Metropolitan Region (the greenfield Irradiation facility is located in MMR) if high precipitation 

event, high tides and hydro-meteorological weather events like storms etc. are concurrently 

observed. 

 

The State is also expected to experience an increased number of ‘hot days’ per year, 

defined as the upper end of the range of maximum temperature values, has increased by 

25 days in the last 40 years. 

https://climateknowledgeportal.worldbank.org/
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The highest monthly average maximum daily temperature is 34°C. The annual average 

temperature is expected to increase by 1°C to 1.5°C in all season by 2030 relative to current 

conditions. Thus risk is rated as Moderate to High since recent trends indicate high exposure 

of rainfall variability and temperature increase across all project sites. 

 

2. Impacts on the project’s physical infrastructure and 
assets 

Impact Rating Moderate 

 
This step provides an indication of the potential impacts of climate and geophysical hazards 

on the project’s physical infrastructure and assets as currently designed under relevant 

subsectors. The Impact rating is Moderate. Climate and geophysical hazards are likely 

to impact the structural integrity, materials, siting, longevity and overall effectiveness 

of your investments. The impact rating is based on the exposure rating and the 

understanding of the project’s sensitivity by the user. Please note that for this step the tool 

is helping judge the effect these impacts may have on the investment, and the ability of the 

project to sustain and enhance physical infrastructures and assets under a changing climate. 

Understanding where risks may exist and identifying where further work may be required to 

reduce or manage these risks can help inform the process of dialogue, consultation and 

analysis during project design. 

The following guiding questions were used to assess impact: 

• In the past have climate and geophysical hazards damaged physical infrastructure 
and/or assets? 

• Consider how the structural integrity, materials, siting, longevity and overall 

effectiveness of your investments may be impacted. Do investments in the 

design of your project “lock in” certain decisions for decades to come? 

• How might changes in climate affect those decisions? 

User Notes: Climate change has both direct and indirect impacts on post-harvest activities - 
processing at packhouses and transport - farm to processing unit and from processing unit to 
market. 

With erratic rainfall, as seen in Maharashtra, most of the post-harvest facilities as located in 

drought-prone districts are likely to face water distress/ scarcity - especially the facilities in 

the district of Latur, Beed, Jalgaon, Aurangabad, and Jalan. As an adaptation measure, all 

the facilities have budgeted for development of green-belt and proposed to set-up a rainwater 

harvesting system thus feeding the ground-water aquifer(s) being tapped by the community 

too. This is likely to contribute towards raising the resilience of the locality. 

Similarly, due to the geographical location of the greenfield project at Bhiwandi taluka of 

Thane district, being situated near to the coastal line, it is likely to face inundation due to sea-

level rise (SLR) and or urban flooding during high precipitation events due to poor drainage 

at the creek (Ulhas River is connected to Vasai Creek). Extreme precipitation and flooding 

can also disrupt transport and other connectivity with the facility. Additionally, there will be a 

risk of nuclear contamination, if the irradiation unit gets flooded. To avoid flooding of the 

facility, MSAMB will consider the highest flood level (HFL) of the area of 100 years return 

period while finalizing the structural design for the facility. 



38 
 

 

Indirectly the facilities may face business disruption if the farms located in the drought-

prone region are unable to produce the said crop those that were to be processed in the 

facilities. Similarly, if the transport facilities get disrupted from coastal flooding, the facility 

at Bhiwandi may face disruption. 

This step provides information on how the potential impact on key components/subsectors 
due to exposure from hazards is modulated by the project’s soft components and broader 
development context. In doing this, this step also takes into account particularly vulnerable 
groups including women, migrants and displaced populations.

 

 

3. Modulating of risks by the project’s soft components and development context 
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4. Risk to the outcome/service delivery 

of the project 
Outcome/Service 
Delivery Rating 

 
No / Low 

 

 

This step provides an indication of the level of risk to the outcome/service delivery that the 

project is aiming to provide. The risk to the outcome/service delivery of your project is 

No / Low. This rating is derived from hazard information, subject matter expertise, contextual 

understanding of the project, and modulated on the basis of the project’s soft components 

and broader development context. Keep in mind that in considering resilience measures for 

risk management, each element of risk should be taken into account, not just the collective 

risk rating at the outcome/service delivery level. 

 
User Notes: The exposure of the post-harvest facilities to climate change is limited to rising 

of drought conditions in the given districts and one of the facilities being located at the coastal 

area is exposed to coastal/ urban flooding. However, the likelihood of the occurrence of 

coastal flooding is moderate to low. Thus the overall potential impact on the investments is 

low. The project will also invest in rainwater harvesting to conserve water across all units of 

MSAMB. Further, solar-rooftop power generation systems will be installed at two of the new 

facilities (Baramati and Pachod) which will offset grid electricity and save GHG emission at 

a tune of 423tCO2e (approx.) annually. This will set a precedence of ways to mainstream 

climate change issues into the development and management of post-harvest facilities. 

While these measures along with soft components will reduce the level of impact on the 

project on a long run, the development context may slightly increase impacts as there are 

very low levels of adaptive capacity among the FPOs and farmer community at large in the 

State. This may elevate the overall risk rating from Low to Moderate. 

Guidance on Managing Climate Risks through Enhanced Project Design 

By understanding which of your project components are most at risk from climate change 

and other natural hazards through initial screening, you can begin to take measures to avoid 

impacts by: 

 

⚫ Enhancing the consideration of climate and disaster risks early in project design. 
⚫ Using your risk screening analysis to inform follow-up feasibility studies and technical 

assessments. 
⚫ Encouraging local stakeholder consultations and dialogue to enhance resilience 

measures and overall success of the project. 

 
Table 1 provides some general guidance based on the risk ratings for Outcome/Service 

Delivery, and Table 2 lists some climate risk management measures for your 

consideration. Visit the "Screening Resources" section of the landing page for additional 

guidance and a list of useful resources 

 
Note: Please recall that that this is a high-level screening tool, and that the 

characterization of risks should be complemented with more detailed work. 

 
Table 11: General Guidance Based on Risk Ratings for Outcome/Service Delivery 

Insufficient 
Understandi

Gathermoreinformationtoimproveyourunderstandingofclimateandgeoph
ysical hazards and their relationship to your project. 
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ng 

 

 
No/Low Risk 

If you are confident that climate and geophysical hazards pose no or 
low risk to the 
project,continuewithprojectdevelopment.However,keepinmindthatthisisa
high- level risk screening at an early stage of project development. 
Therefore, you are 
encouragedtomonitorthelevelofclimateandgeophysicalriskstotheprojecta
sitis developed and implemented. 

 

Moderate 
Risk 

For areas of Moderate Risk, you are encouraged to build on this 
screening through additional studies, consultation, and dialogue. This 
initial screening may be 
supplementedwithamoredetailedriskassessmenttobetterunderstandthen
atureof the risk to the project. 

High Risk 
ForareasofHighRisk,youarestronglyencouragedtoconductamoredetailed
risk assessment and to explore measures to manage or reduce those 
risks. 

 

Table 12: Types of Climate Risk Management Measures for Typical Agriculture Projects 

OBJECTIVE EXAMPLES 

 
 
 

 
Improved 

Irrigation and 

Drainage 

• Prioritize drought-sensitive farming and ecosystems for irrigation 

• Buildcapacitytointegrateclimatechangescenariosinwaterresourcespolic
yplanning 

• Employtechnicalmeasurestoimprovewateruseefficiencyinrainfeda

ndirrigated agriculture 
• Employmentofhighefficiencyirrigation,includingdripandtrickleirrigation 

• Explorewaterre-
usetechniques,rainwaterharvestingandsustainabledrainage 

• Use of farm ponds, farm drainage and upscaling micro-irrigation 

• Considerinvestmentsonsmallandmediumreservoirsandprojectsfor

watersupply and irrigation 
• Improvement of water supplies for agriculture 

 
 
 

 
Optimize 

crops and 

land 

management 

practices 

• Adjusting cropping practices to fit selected crops and targeted rainfall 

• Encouraging investments in sustainable land use practices 

• Diversifyingagriculturalproductionwherefarmingcommunitiesared

ependentonrainfedcrops 

• Promotelandtenureandpropertyrightsreformtostrengthenlocalnatur

alresource management. 
• Provide farmers with new cultivars that are drought and heat tolerant. 

• Develop new insurance instruments to address climate risks. 

• Helpsmallholdersdiversifycropstoincreaseresiliencetovariableclimatec
onditions 

• Restrictharmfulagriculturalpracticesthatincreaseerosionandreducesoilf
ertility. 

• Investing in early control and detection systems for pests and 
diseases 

 
Improve 
livestock 
practices 

• Strengthening national animal health services 

• Promote adoption of breeds better adapted to the prevailing climate. 

• Encouragemixedcrop-
livestocksystemsandwater,feed,andanimalmanagementto increase 



42 
 

 

livestock productivity. 

 
Accommodate 
/ Manage 

• Increaserepairandmaintenancebudgetsforphysicalinfrastructure,su

chasstorage facilities and access roads 
• Increaseinspectionfrequencytoensurestructuresareenduringclimatecha

nge 

• pressures 

 
Protect / 
Harden 

• Updatedesignstandardstointegrateprojectedsealevelriseandstormsurg
e 

• Implementing wind protection measures 

• Revegetation of unstable slopes 

• Expanding drainage capacity to cope with heavy rainfall and flooding 

 
Retreat / 
Relocate 

• Evaluate elevating key facilities to prevent overflows and inundation 

• Plan for community relocation 

• Relocating crops to different plots of land 

• Moving infrastructure further in land 

 
 

 
Build training 
and 
information 
systems 

• Buildcapacitytobetterunderstandandcopewithclimatechangei

mpactson institutions and rural communities 

• Increasingaccesstoclimateinformation,includinglong-

termweatherforecastingand 

betterseasonalforecaststoguidetheselectionandtimingofseasonalcrop

s 

• Developearlywarningsystemsthatprovidedailyweatherpredictionsa

ndseasonal forecasts 
• Improvetrainingandeducationeffortsrelatedtosustainableagricultureand

theuseof 

• more efficient irrigation techniques. 

Sources: : USAID Climate Risk Screening and Management Tools: Agriculture Annex; USAID Addressing 

Climate Impacts onInfrastructure; ADB Guidelines for Climate Proofing Investments in Agriculture 

 

 

https://www.climatelinks.org/sites/default/files/2017-03-14%20USAID%20CRM%20Tool%20Water%20Supply%20and%20Sanitation%20Annex.pdf
https://docs.google.com/a/ccrdproject.com/viewer?a=v&pid=sites&srcid=Y2NyZHByb2plY3QuY29tfGNjcmR8Z3g6NmYyZDYxZDdiZTQwZmI0NA
https://docs.google.com/a/ccrdproject.com/viewer?a=v&pid=sites&srcid=Y2NyZHByb2plY3QuY29tfGNjcmR8Z3g6NmYyZDYxZDdiZTQwZmI0NA
https://docs.google.com/a/ccrdproject.com/viewer?a=v&pid=sites&srcid=Y2NyZHByb2plY3QuY29tfGNjcmR8Z3g6NmYyZDYxZDdiZTQwZmI0NA
https://www.adb.org/sites/default/files/institutional-document/33720/files/guidelines-climate-proofing-investment.pdf

