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Abstract

Agricultural infrastructure plays a vital role in agriculture at every single step like for the supply of input, sowing of crops and for the post-
harvest management that directly influences the quality and shelf life of agricultural produce. Advancements in plant science such as the
development of genetically improved varieties with extended shelf life, require additional improvements in storage infrastrucure to
preserve their genetic potential and nutritional value. As a result, Government of India has formulated various kinds of schemes like
agricultural marketing infrastructure scheme to improve the capacity of warehouses that has seen a drastic change from 248.73LMT in
2011 to 671.87 LMT in 2022 with an overall increase of 170.10 per cent. To assess the future storage requirements, ARIMA and CAGR
techniques were employed to forecast the warehouse capacity and production of major crops in Telangana for seven years and canpared
both to find the future requirement of warehouse capacity in Telangana. The projected agricultural production in Telangana continued to
rise significantly, reaching 214.02 LMT by 2030 due to improved irrigation facilities, use of improved varieties and diseaseresistant crop
varieties. However, the capacity of warehouses is expected to increase only marginally, from 38.13 LMT in 2024 to 38.85 LMT i 2030. This
disparity highlights a growing challenge in storage, as the percentage of production that can be accommodated by warehouses declines
steadily from 21.26 per cent in 2024 to 18.15 per cent by 2030. Specifically, by 2030, to accommodate 20 per cent of the total production,
a warehouse capacity of 42.80 LMT is needed. If 25 per cent of the production is to be stored, the capacity requirement increases to 53.51
LMT. For storing 30 per cent of the production, a capacity of 64.21 LMT is necessary and if 35 per cent of the production & to be stored, the
required warehouse capacity rises to 74.91 LMT. Even though there is an increase in capacity of warehouses and cold storages,still there is
a need for storage capacity in future years due to the increase in production of major cropsin Telangana.
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Introduction

NABCONS on behalf of MoFPI, post-harvest losses in India
are estimated to be 3.89 to 5.92 per cent in cereals, 5.65 -
6.74 per cent in pulses, 2.87 -7.51 per cent in oilseeds and
6.02-15.05 per cent in fruits and 4.82-11.61 per cent in
vegetables (4). Reducing the postharvest losses, could be a
sustainable solution to increase food availability, reduce
pressure on natural resources, eliminate hunger and
improve farmers’ livelihoods (5). Post-harvest losses
undermine food security by reducing the overall food

Agricultural infrastructure plays a vital role in agriculture at
every single step like for the supply of input, sowing of crops
and for the post-harvest management. Investment in
agricultural infrastructure is important to enhance the
productivity and to reduce the post-harvest losses. The
global food losses were recorded as 1.3 billion tons as
predicted by FAO (1). The estimated economic value of post-
harvest losses in India was INR 926.51 billion in 2014 (2)
which is 0.6 per cent of the country’s GDP and two-and-a-

half times higher than the budget of the Ministry of
Agriculture and Farmers Welfare (MoAFW) in FY2014. India
witnesses nearly, 4.6 to 15.9 per cent wastage in fruits and
vegetables, 5.2 per cent in inland fish, 10.5 per cent in
marine fish, 2.7 per cent in meat and 6.7 per cent in poultry
meat (3). According to “Study to determine post-harvest
losses of agri produce in India” in 2022 conducted by

supply, leading to increased market prices and reduced
affordability (6). Higher post-harvest losses lead to
increased prices for agricultural products, making nutritious
food unaffordable for low-income populations (7). Decayed
agricultural produce contributes to greenhouse gas
emissions, further exacerbating climate change (1).
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In view of the above impacts of post-harvest losses,
Government of India has formulated various kinds of
schemes to develop agricultural infrastructure such as
warehouses, cold storages, marketing infrastructure etc.
The capacity of warehouses increased by the government
under agricultural marketing infrastructure scheme that has
seen a drastic change from 248.73 LMT in 2011 to 671.87
LMT in 2022 with an overall increase of 170.10 per cent.
Under capital investment subsidy scheme for cold storages,
the capacity of cold storages created had increased to 15.77
LMT in 2022-23 from 1.88 LMT in 2016-17 with an increase of
739 per cent.

Growing production of paddy, red gram and maize
result in a constant decline in market price and increased
procurement of paddy by state government necessitating
the need for more storage space. Therefore, it is necessary
to carefully research and contrast the warehouse capacities
that are now available and will be required in the future.

Materials and Methods

Among the various field crops cultivated in Telangana,
paddy, red gram and maize were selected for this study due
to their significant contribution to Telangana's agricultural
output. Paddy contributes major portion of Telangana’s
agricultural production, after paddy, maize and red gram
are the most cultivated crops in Telangana, which are even
cultivated under rainfed conditions. The production data is
collected from indiastat.com (8) for the years 1994 to 2023
that compiles official statistics from various government
agencies, including the Ministry of Agriculture & Farmers'
Welfare, Directorate of Economics and Statistics and other
relevant authorities. The capacity of various warehouses
under different entities like FCI (9), CWC and SWC (10) were
collected from annual reports and authorized websites viz.,
fci.gov.in and cewacor.nic.in respectively. Overall, the study
uses secondary data for analysis.

To analyze the future requirement of warehousing in
Telangana, the total production of major crops in Telangana
viz., paddy, red gram and maize were forecasted for 6 years up
to 2030 by using ARIMA model (11) and CAGR techniques (12)
then compared with the warehouse capacity in Telangana.

Compound annual growth rate

Compound growth rate analysis was conducted to
evaluate the growth in the number, capacity and
utilization of warehouses for storage. Compound growth
rates were calculated using the following formula.

Yt=Aeb 11
Where,
Y= number, capacity or utilization of warehouses in year t
t = year which takes values 1,2...n
Yi=Yo(1+r)*
log transformation of the above i.e.

Log Y = Log Y, +t log (1+r), assuming Log Y, = log A, Log
(1+r)=b Log Y'=logA +bt

By differentiating d (log Y:)/dt =b Since b =log (1+r)

Antilog b = 1+r
r=(Antilogb) - 1r=CGR
CGRin per cent = [ (Antilog b)-1] *100
ARIMA Model

ARIMA was selected due to its capability to analyze and
forecast time-series data by accounting for trends, seasonality
and autocorrelation. It is mostly useful for modeling non-
stationary data by differencing and incorporating past values
and errors to generate accurate forecasts. In this study, ARIMA
was employed to project future warehouse capacity and crop
production based on time series data to estimate future
storage requirements.

It is used to project future storage requirements in
relation to the production of major crops in the state.

ARIMA forecasting involves four steps: identification,
estimation, diagnostic checking and forecasting. The best
fitting ARIMA model will be selected and the residual for the
model is obtained.

The identification step involves plotting the time
series data.

Estimation involves choosing the best ARIMA model
based on ARIMA model parameters. The model with the
least RMSE and BIC values and highest R square value was
selected as the best model. SPSS software is used for
ARIMA model.

Results and Discussion

Forecasting the production of major crops (paddy, red
gram, maize) using ARIMA model

The Fig. 1. shows the forecasted production of major crops
(paddy, red gram, maize) from 1994 to 2023 for six years
i.e., from 2024 to 2030. Production showed an increasing
trend with non-stationarity. The increase in production of
paddy is due to improvement in irrigation facilities under
Mission Kakatiya in Telangana (13), implementation of
Rythubandhu scheme (FISS) led to increase in net area
sown and gross area sown (14), alongside usage of high
yielding and disease resistant varieties. The production of
red grams is affected by rising temperatures and excess
rainfall (15). The production of maize is increased using
climate resilient varieties (16).

The Auto correlation and the Partial auto
correlation functions are presented in Fig. 2 and 3
respectively. The ACF plotted showed that there was non-
stationarity in time series data as they were significantly
different from zero mean.

The Fig. 4 and 5 plotted for differentiated data
shows ACF and PACF plots showed that the time series
data was stationary after differentiation.

The model with the least RMSE and BIC values and
highest R square value was selected as the best model.
Hence, ARIMA (1, 1, 0) was chosen as the best model with
RMSE at 19.79, BIC at 6.20 and R-squared at 68.30 per cent.

Fig. 6. presents the forecasted production with the
fitted ARIMA (1, 1, 0) model for the period of seven years
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Fig. 1. Time series plot for production.
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Fig. 4. ACF plot at stationarity.
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Fig. 5. PACF plot at stationarity.

from 2024 to 2030. The forecasted production values are
presented in Table 1.

Table 1. shows that the forecasted production of major
crops was in increasing trend as against the results of
forecasted rice cultivated area. The production and
productivity decrease for the next four years i.e., 201516 to
2019-20 (17). Similar type of results was obtained for
forecasted wheat (18), Jute (19), pulses (20), rice (21) and Arhar
(22).

Forecasting the warehouse capacity using ARIMA
model

Fig. 7. shows the time series data of warehouse capacity from
2014 to 2023. The warehouse capacity showed stationarity
with any difference. This is confirmed using ACF and PACF
plots.

The Auto correlation and the partial auto correlation

Table 1. Forecasted production (paddy, red gram, maize) (LMT)

function is presented in Fig. 8 and 9 respectively, showing the
stationarity of the time series data.

The model with the least RMSE and BIC values and
highest R squared value was selected as the best model.
Hence, ARIMA (0, 0, 1) was chosen as the best model with
RMSE at 11.28, BIC at 5.31 and R-squared at 23.20 per cent.

Fig. 10. presents the fitted ARIMA (0, 0, 1) the warehouse
capacity was forecasted for the period of seven years from
2024 to 2030. The forecasted warehouse capacities are
presented in Table 2.

Comparative analysis of forecasted production with
forecasted warehouse capacity

For forecasting the future need of warehouse capacity in
the coming years, the forecasted production (paddy,
maize, red gram) in Telangana is compared with the
forecasted warehouse capacity over the years 2024 -2030.
The production and warehouse capacity were compared

Table 2. Forecasted warehouse capacity (LMT)

Year ARIMA (1,1,0) Year ARIMA (0,0,1)
2024 179.35 2024 38.13
2025 189.71 2025 38.53
2026 193.16 2026 38.71
2027 198.81 2027 38.79
2028 203.75 2028 38.83
2029 208.92 2029 38.84
2030 214.02 2030 38.85
(Source: calculated values by the researcher) (Source: calculated values by the researcher)
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Fig. 6. Forecasted plot for production.
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from the years 2014 to 2023 in Table 3.

Fig. 11. presents the comparison of production with
warehouse capacity in Telangana.

The results from Table 4. shown that, between 2024
and 2030, agricultural production in Telangana is
projected to rise significantly, reaching 214.02 LMT by
2030. However, warehouse capacity is expected to grow
only slightly, from 38.13 LMT to 38.85 LMT, leading to a
decline in the percentage of production that can be stored
from 21.26 per cent to 18.15 per cent. This growing gap
highlights the inadequacy of storage infrastructure. By
2030, to store just 20 to 35 per cent of the projected
production, warehouse capacity would need to range from
42.80 LMT to 74.91 LMT, far exceeding current provisions.

The Fig. 12. presents the comparison of forecasted
production with forecasted warehouse capacity.

The result from Table 5. reveals that, from 2024 to
2030, agricultural production in Telangana is projected to
continue rising significantly, reaching 214.02 LMT by 2030.
However, the capacity of warehouses is expected to
increase only marginally, from 38.13 LMT in 2024 to 38.85
LMT in 2030. This disparity highlights a growing challenge
in storage, as the percentage of production that can be
accommodated by warehouses declines steadily from
21.26 per cent in 2024 to 18.15 per cent by 2030. The
relatively stagnant growth in warehouse capacity,
compared to the increasing production, indicates that
Telangana's storage infrastructure is not keeping up with
the demands of its expanding agricultural output.

It can be observed from Table 5. that the required
storage capacity is less than the current total production
of paddy, red gram and maize. Specifically, by 2030, to
accommodate 20 per cent of the total production, a
warehouse capacity of 42.80 LMT is needed. If 25 per cent
of the production is to be stored, the capacity requirement
increases to 53.51 LMT. For storing 30 per cent of the

Table 5. Forecasting warehouse capacity using CAGR

Year Forecasted warehouse capacity (LMT)
2024 50.76
2025 53.57
2026 56.54
2027 59.67
2028 62.97
2029 66.46
2030 70.14

(Source: calculated values by the researcher)

production, a capacity of 64.21 LMT is necessary and if 35
per cent of the production is to be stored, the required
warehouse capacity rises to 74.91 LMT.

As ARIMA is not suitable for projecting warehouse
capacity, which resulted in stationarity of warehouse
capacity by 2030. Another tool CAGR is employed for
projecting warehouse capacity from 2024 to 2030. The
results were presented in Table 5.

The growth rate of warehouse capacity using CAGR
technique is presented on Fig. 13. and forecasted
warehouse capacity using CAGR is presented on Fig. 14.

The Compound Annual Growth rate (CAGR) of
warehouse capacity in Telangana was reported at 2.7 per
cent, but not significant. The forecasted warehouse capacity
using CAGR shows an increasing trend with a maximum
capacity of 70.14 LMT by 2030.

The increasing production coupled highlights the
critical need for enhanced storage infrastructure in
Telangana.

Without climate-controlled warehouses or hermetic
storage systems, maize loses nutritional quality and
market value due to aflatoxin growth (23), while red gram
faces up to 15-20 % losses from bruchid beetles (24).
Overflowing storage forces farmers to sell surplus produce
immediately, leading to distress sales and increasing
waste. This mismatch between production and storage
infrastructure perpetuates a cycle of economic losses for

Table 3. Comparative analysis of production (paddy, red gram, maize) vis-a- vis with warehouse capacity in Telangana

Year Production in Telangana (LMT) Capacity of warehouses (LMT) Per cent share in production

2014 78.06 3243 41.54

2015 61.72 45.93 74.41

2016 4412 28.30 64.14

2017 72.88 20.11 27.59

2018 55.21 29.64 53.68

2019 80.50 43.44 53.96

2020 96.25 45.33 47.09

2021 110.04 58.12 52.81

2022 133.90 54.79 40.91

2023 190.70 37.25 19.53

CAGR 2'70NS

(Source: calculated values by the researcher)
Table 4. Forecasted values of production and capacity of warehouses
Production Capacity of Per cent share 20 % ofT.otal 25% of.Totafl 30 % of T.otal 35 % of TPtal
Year (LMT) warehouses in production production production is production production
(LMT) is stored stored is stored is stored

2024 179.35 38.13 21.26 35.87 44.84 53.81 62.77
2025 189.71 38.53 20.30 37.94 47.43 56.91 66.40
2026 193.16 38.71 20.04 38.63 48.29 57.95 67.61
2027 198.81 38.79 19.51 39.76 49.70 59.64 69.59
2028 203.75 38.83 19.05 40.75 50.94 61.13 71.31
2029 208.92 38.84 18.59 41.78 52.23 62.68 73.12
2030 214.02 38.85 18.15 42.80 53.51 64.21 74.91

(Source: calculated values by the researcher)
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farmers, food insecurity and avoidable greenhouse gas
emissions from decaying organic matter.

Post-harvest losses can be reduced by reducing
food wastage and improving storage infrastructure to
allow inter-temporal arbitrage benefits due to price
volatility of food grains (25). Reducing post-harvest losses
is crucial for global food security, especially with
population growth and environmental challenges.
Innovative technologies help preserve nutrition, reduce
waste and ensure more safe, nutritious food reaches
consumers (26).

To reduce post-harvest losses, apply current
knowledge to improve the handling systems (especially
packaging) (27). Agro processing is a potent solution for
curtailing post-harvest losses by employing various
techniques like drying, canning and freezing which
extends the shelf life of perishable crops, minimizing the
risk of spoilage during storage (28).

Conclusion

From the present study, it is concluded that, even though
the warehouse capacity is increasing year by year, it is not
sufficient to accommodate the increasing production of
major crops in Telangana. Without adequate storage, a
substantial portion of the produce is at risk of spoilage,
leading to economic losses for farmers and inefficiencies
in the supply chain. Proper storage facilities are essential
to ensure a steady supply of agricultural products to the
market, stabilizing prices and availability throughout the
year.

The government should increase budget allocations
for warehouse construction to address the growing demand
for enhanced storage capacity, ensuring that infrastructure
development keeps pace with rising needs. Private
construction of godowns should be encouraged, as
warehouse investments are profitable from both the
investors' and society's perspectives, enhancing storage
infrastructure and supporting economic growth. Encourage
farmers to cultivate a wide variety of crops and reduce their
dependency on few crops such as paddy, red gram, maize by
providing incentives for crop diversification. Future research
may prioritize  developing climate-resilient storage
technologies tailored to Telangana’s agro-climatic conditions
to mitigate weather-induced post-harvest losses, research
into socio-economic and institutional barriers to crop
diversification also inform strategies to balance production
patterns with storage demands.
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