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Abstract
Sustainable rice production in the coastal region of Bangladesh is threatened due to various climatic impacts. The study 
investigated the current scenario of rice production and identified the linkage among different input variables related to 
rice production such as seed, urea, pesticide, etc. in three districts of Patuakhali, Khulna, and Cox’s Bazar, using a log–log 
model and panel data analysis. The Stochastic Model of multiple regression analysis helped to identify the most important 
input variables. The input factors found common in all three study areas were seed. The log–log model was used to identify 
how climatic factors influenced these input variables. Identifying such factors would help to ensure sustainable agriculture 
production in the future. Seed cost showed a negative elasticity in Patuakhali, while urea cost showed a negative elasticity 
in Khulna region. Time series forecasting of rice production up to 2030 in the study areas was examined using the best fit-
ted ARIMA model. While rice production showed an increasing trend in two regions, it did not show a satisfactory upward 
trend in Kutubdia, which is mostly related to their mismanagement of fertilizer use and irrigation water scarcity. The analysis 
from the research indicated that an area-specific adaptation plan is required to sustain the agricultural production, as the 
input variables for rice production were not found similar for three different study districts where a specific attention needs 
to be given. Moreover, to address the nonexistence of quality panel data for rice production, measures have been introduced 
which includes an online data collection system using a mobile application.
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Introduction

Bangladesh is highly susceptible to climate-related 
extreme events along with salinity and waterlogging 
which have major impacts on agricultural production in 

the coastal regions of the country (Hossain et al. 2019 
and Brammer 2014). Climate change alters the climatic 
parameters of rainfall, temperature, humidity, etc. which 
are experiencing changing patterns (IPCC 2007). Rice pro-
duction is interrelated to climatic conditions that can affect 
crops through evaporation, transpiration, and condensa-
tion having adverse impacts on production (Rahman et al. 
2017). Chowdhury and Khan (2015) proves that climatic 
variables such as temperature, humidity, etc. have major 
impacts on the three major rice varieties (Aus, Aman, and 
Boro) in Bangladesh using time-series analysis. Sarker 
et al. (2012) study how slight regional variations in tem-
perature and precipitation patterns (Lázár et al. 2015) 
influence the production and type of rice growth in the 
different regions of Bangladesh (Khatun et al. 2016). It is 
also evident that not all climatic variables harm the dif-
ferent rice varieties equally. The study is based on aman 
rice, which has been proved to behave positively with 
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seasonal rainfall and humidity. This is because aman rice 
is a rain-fed crop and is also able to grow well in humid 
conditions, while it might be negatively impacted with 
seasonal temperatures. Zhou and Turvey (2014) discusses 
the importance of focusing the adaptation to climate 
change (Dasgupta et al. 2014) for specific crops as not 
all crops would behave in the same way provided with 
the same situations. Thus, rice production is highly influ-
enced by climate change, while the majority of the coastal 
population is dependent on rice crop for their livelihoods 
(Hossain and Majumder 2018 and Lázár et al. 2015). For 
future planning, it is necessary to evaluate the growth pat-
tern of rice production as well as the different varieties that 
are achieved in the country (Ali et al. 2012).

Rice is a major staple food for almost half of the global 
population (Fairhurst and Dobermann 2002). Rice produc-
tion makes a significant contribution to reducing hunger and 
poverty especially in low-income and developing nations 
(Nguyen 2005) mainly in Asia such as Sri Lanka, Bang-
ladesh, Vietnam, Cambodia, etc. highly dependent on rice 
for daily food intake. Niranjan et al. (2000) focus on the 
importance of rice research in Sri Lanka to ensure future 
sustainable rice production, which is also an applicable fac-
tor for the rest of the world. Future forecasts for rice produc-
tion would also help producers, policymakers, and research 
donors about where to focus their resources by assessing 
farmers’ vulnerability to rice production (Jakariya et al. 
2020; Rejesus et al. 2012). It is also evident from the litera-
ture present and the current policies related to agriculture 
that the importance of considering the difference in rice pro-
duction in different areas of the same region is not always 
highlighted. Farmers usually apply the traditional knowledge 
of increasing inputs such as urea and pesticides to increase 
input as they are proved to do so without taking into account 
the specific quality of the soil or the climate in that area. The 
present study focuses on this issue and shows the difference 
in rice production with required inputs in different areas of 
the vast coastal region of Bangladesh.

To reveal the growth patterns and to achieve the best 
forecast of rice production in Bangladesh, appropriate time-
series models that can describe the observed data success-
fully are necessary. The study focused on the production of 
rice, which is usually sown in mid-March to mid-April in 
the lowlands and harvested from November to December 
(Sarker and Gow 2017). The months of July–August fall 
in the monsoon season when 80% of rainfall occurs in the 
country. The dominant crop grown in the saline areas of the 
coastal regions of Bangladesh is a local transplanted Aman 

rice crop with low yields (Mohosin 2012). Since this study 
is concerned with the production of rice, changes in rain-
fall pattern are an important factor to look into which could 
reduce the yield of crops, although changes in rainfall pat-
tern could also be linked to an increase in yield (Chowdhury 
and Khan 2015).

Method

Study area and sample size

The study areas included Cox’s Bazar, Khulna, and Patu-
akhali, as shown in Fig. 1. They cover most of the coastal 
region of Bangladesh and would help to formulate a general 
idea of the agricultural practice for the entire coastal region 
of the country. The three coastal districts vary in certain 
climatic conditions, and thus, requirements for productive 
agricultural practices might not be the same for the areas. 
The difference in climatic conditions can be seen from the 
average temperature recorded of the three regions for July 
over the period 1981–2010, which was 32.0, 30.7, and 31.3 
degree Celsius, respectively, for Khulna, Kutubdia, and 
Patuakhali.

The initial study of the socio-economic situation of the 
coastal region consisted of data collected from 930 house-
holds for a general idea of the study areas and to gather 
information on population characteristics. The character-
istics of the population are further used to determine the 
representative sample size. To gather model-specific data, 
a total of 720 farmers engaged with rice farming from three 
districts were selected for further data collection using sam-
ple size selection technique of multistage stratified random 
sampling (Jain and Hausman 2006). Data were collected 
using questionnaire survey. Apart from that, climatic data 
were collected from Bangladesh Metrological Department 
(BMD) and agricultural input related panel data for the 
period of 1988–2017 were collected from respective agri-
cultural offices.

Statistical models

Stochastic model for resource dependence

To develop a conceptual model for functional linkage 
between input and output of an agricultural enterprise, sto-
chastic model for a resource dependence procedure was 
used. The model worked to determine which variables were 
the most significant predictor in the livelihood. The income 
from rice was modeled as a function of some other inputs 
that were used for rice cultivation:
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Log model of resource elasticity

The log–log model was used to understand the elasticity 
of the agricultural inputs to predict the point till which it 

(1)
Income from rice production = �0 + �1 Seeds + �2 Fertilizer + �3 Pesticide + �4 Irrigation + �5 Labor

+ �6 plowing + �.

would maintain production rates, and how it would respond 
to time, economic growth, certain climate changes, and the 
interplay of all three variables. The consumption value and 
sale value were used as probable variables to understand 
the resource’s elasticity with growth:

Fig. 1  Map of study locations
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Here, the coefficients of the logged variable (β) have 
provided the elasticity concerning that variable. Based on 
these outputs, various predictions were made under dif-
ferent climate circumstances and elasticity for each of the 
two scenarios.

Time‑series model

Autoregressive Integrated Moving Average (ARIMA) model 
was used for forecasting future values using the ARIMA 
model. Auto Correlation Function (ACF) and Partial Auto 
Correlation Function (PACF) were also calculated for each 
series to test the stationarity. In the study, the appropri-
ate order of ARIMA (p,q,r) models was acquired using 
Box–Jenkins methodology (Box and Jenkins 1976). How-
ever, this method is not good for lead times or seasonal 
series with a large random component (Granger and New-
bold 1973). Again, data need to be updated from time to time 
with the incorporation of current values (Awal and Siddique 
2011).

Results and discussion

The OLS model was derived from three different coastal 
Upazilas of three different districts of Bangladesh with 
3  years of panel data. This model was to identify the 

(2)Ln (Rice return) = ln �0 + �1 ln (Seed) + �2 ln (Urea) + �3 ln (TSP) + �4 ln (Mop) + �.

significant resources that affect income from rice of a farmer. 
Panel data were used to further initiate climatic variables to 
address the change in production and price over different 
years.

Descriptive statistics

Table 1 presents the current scenario such as name of the 
variables, average, and standard deviation (SD) of the 
influential variables that are related to rice production to 
fit the linear regression model where OLS (Ordinary Least 
Squares) methods were used to estimate the parameters.

Initially, the most influential variables that usually affect 
rice production were selected to fit with the model. From 
the descriptive analysis, it was seen that a number of vari-
ables exist in the input use patterns of the farmers, which 
were a constraint to fit a consistent model. This variation 
of input used is due to different external reasons and, most 
importantly, it was due to their lack of knowledge and con-
sciousness about using different inputs based on scientific 
understanding. Keeping this in mind, we considered col-
lecting data from relatively large samples to use in the final 
modeling exercise.

Table 1  Current scenario of rice production and related factors

Source: Authors’ calculation household-level primary data of 720 samples from three districts

Variable Definition and measurement Patuakhali (n = 189) Khulna (n = 274) Kutubdia (n = 257)

Mean SD Mean SD Mean SD

Output Total value of rice harvested (Tk. per acre) 132,243.7 354,813.5 42,372.1 12,307.6 85,974.0 30,574.3
Seed Cost of seed used (Tk. per acre) 1611.5 968.7 1742.0 1023.4 3676.7 3711.2
Urea Cost of urea used (Tk. per acre) 1591.5 1267.3 702.5 479.6 3057.1 1089.5
Triple Phosphate Cost of TSP used (Tk. per acre) 615.5 498.1 498.1 552.1 2768.7 889.0
Murat of Potash Cost of MOP used (Tk. per acre) 63.8 203.0 171.9 214.1 957.4 365.1
dap Cost of DAP used (kg. per acre) 0.0 0.0 331.0 921.6 4.6 73.7
Pesticides Cost of pesticide (Tk. per acre) 1273.7 1000.8 647.3 1007.7 1675.4 779.2

Table 2  Model fit statistics of 
the regression model on rice 
production

Areas F(6120) Prob. > F Within R-square Between 
R-square

Overall R-square

Patuakhali 4.48 0.000 0.183 0.039 0.072
Khulna 3.38 0.004 0.251 0.033 0.153
Cox’s Bazar 5.66 0.000 0.182 0.517 0.384
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Linear regression model

The specification of the linear regression model considering 
six (06) predictors of the rice production process is given 
below:

where Y
i
 = Rice production, � = intercept, X

i
 ’s are different 

input used for rice production, � ’s are their respective coef-
ficients, and u

i
 is an error term.

(3)Y
i
= � + �1X1i + �2X2i + �3X3i +…+ u

i
,

Table 2 reveals the predictors considered for the linear 
regression model, which have an overall significant influence 
on rice production. This statement is justified at a 1% level 
of significance as the probability value is less than 0.01 for 
each region (p value < 0.01). According to the results, the 
fitted models are well enough to explain the rice produc-
tion. It was very difficult to gather information on output 
and input used in the production process, because most of 
the farmers in Bangladesh do not maintain the records of the 
input and output related information in a systematic method. 

Table 3  Influential predictors 
related to rice production in 
Patuakhali

Three asterisks (***), two asterisks (**), and one asterisk (*) represent significant at 1, 5, and 10% level of 
significance, respectively

Variable name Coefficient Std. Err t value p value [95% CI]

Lower Upper

Seed − 0.818** 0.354 − 2.310 0.023 − 1.518 0.319
Urea 0.151 0.326 0.460 0.644 − 0.495 5.076
TSP − 0.133 0.083 − 1.600 0.113 − 0.298 8.736
MP 0.200** 0.097 2.050 0.042 0.007 12.726
Pesticide 0.080 0.151 0.530 0.599 − 0.219 0.765
Times seeded − 0.647** 0.276 − 2.350 0.020 − 1.193 − 215.830
Intercept 15.615 2.742 5.700 0.000 10.186 31,828.750

Table 4  Influential predictors 
related to rice production in 
Khulna

Three asterisks (***), two asterisks (**), and one asterisk (*) represent significant at 1, 5, and 10% level of 
significance, respectively

Variable name Coefficient Std. Err t value p value [95% CI]

Lower Upper

Seed 0.499* 0.578 1.795 0.074 − 0.642 1.641
Urea − 12.281** 8.768 − 2.576 0.011 − 29.585 5.024
TSP − 0.360 0.968 − 0.370 0.710 − 2.271 1.550
MP − 1.326 3.019 − 0.440 0.661 − 7.284 4.632
DAP − 0.317 0.558 − 0.570 0.570 − 1.419 0.784
Pesticide 0.961* 0.532 1.810 0.072 − 0.088 2.011
Intercept 41,667.410 1334.003 31.230 0.000 39,034.500 44,300.320

Table 5  Influential predictors 
related to rice production in 
Cox’s Bazar

Three asterisks (***), two asterisks (**) and one asterisk (*) represents significant at 1, 5, and 10% level of 
significance, respectively

Variable name Coefficient Std. Err t value p value [95% CI]

Lower Upper

Seed 1.497** 0.638 2.350 0.020 0.237 2.756
Urea 9.119*** 3.190 2.860 0.005 2.817 15.420
TSP 2.352 3.784 0.620 0.535 − 5.123 9.827
MP 26.202*** 7.821 3.350 0.001 10.752 41.652
DAP − 29.790 24.261 − 1.230 0.221 − 77.718 18.139
Pesticide − 2.550 3.317 − 0.770 0.443 − 9.103 4.004
Intercept 25,402.760 12,191.000 2.080 0.039 1318.331 49,487.180



 Modeling Earth Systems and Environment

1 3

This results in the only option where we had to rely on their 
memory for collecting such information.

Among the estimated coefficient of the variables, MP had 
a significant positive influence (p < 0.05) on rice production 
while seed cost, number of times implanted seeds, and TSP 
had a significant negative influence (p < 0.05) on rice pro-
duction in Patuakhali region. This indicates that any change 
in these variables will increase or decrease the production of 
rice and vice versa even if the other input variables remain 
unchanged (Table 3).

Among the estimated coefficient of the variables, seed 
and pesticide had a significant positive influence (p < 0.10) 
on rice production. In Khulna, on the other hand, urea ferti-
lizer had a significant negative impact (p < 0.05) (Table 4).

Among the estimated coefficient of the variables, Seed 
(p < 0.05), Urea (p < 0.01), and MP (p < 0.01) had significant 
positive influence on rice production in Cox’s Bazar. This 
indicates that any increase in these variables will increase 
the production of rice and vice versa if the other variables 
remain the same (Table 5).

Log–log model

The log–log model estimated the elasticity of the significant 
inputs of rice production. The elasticity of rice production 
is important to understand, so that it can be predicted until 
which point production rates will be maintained, and how 
it will respond over time. The specification of the model is 
as follows:

ln Y
i
= ln � + �1 lnX1i + �2 lnX2i + �3 lnX3i + u

i
,

where ln� is intercept, � ’s are elasticities of different signifi-
cant inputs, that is X s, and u

i
 is error term.

Table 6 reveals that the three predictors (seed, urea, and 
pesticide which come from OLS estimation in the linear 
regression model) had an overall significant influence on 
rice production in Patuakhali (p < 0.01), Khulna (p < 0.05), 
and Cox’s Bazar (p < 0.01) districts. The model fitted criteria 
especially, withinR2 = 0.3852 and overallR2 = 0.2091, also 
support the same conclusions.

Table 7 indicates that if climatic and other variables 
remain the same, then a 1% increase in seed cost will 
decrease rice production by an average of 13%. Similarly, 
a 1% increase in urea cost will result in a 32% increase in 
return from rice, and in the case of TSP, it will be increased 
by 3%. The results in Table 7 show an inverse relationship 
between seed and return from rice. Through discussions with 
the farmers, it was found that the majority of the farmers 
reported severe seedling damage from intrusion of saline 
water and waterlogging which occurred due to irregular 
rainfall and mismanagement of the sluice gate. As a result, 
the majority of the farmers had to transplant the seedling 
more than once, which incurred a significant amount of extra 
cost and also delayed the production process and thereby 
becomes susceptible climatic hazards because of late har-
vest. This ultimately resulted in a decreasing yield.

In this context, the model results also suggested that if 
farmers spend more money to buy the required amount of 
urea and TSP, the return from rice production would be 
increased. This is because salinity hampers the effects of 
fertilizers and to compensate for this, farmers need to use 
more urea fertilizer; however, the amount of extra ferti-
lizer requirement should be based on the quantity of the 
soil. The agriculture department can play an important role 

Table 6  Model fit statistics 
of the log–log model on rice 
production

Areas Number of 
observa-
tions

F (6, 120) Prob. > F Within R-square Between R-square Overall R-square

Patuakhali 189 4.48 0.000 0.3852 0.1722 0.2091
Khulna 274 2.83 0.0397 0.0458 0.1496 0.0286
Cox’s Bazar 257 25.25 0.0000 0.3269 0.3973 0.3693

Table 7  The elasticity of the predictors on rice production in Patu-
akhali

Three asterisks (***), two asterisks (**), and one asterisk (*) repre-
sent significant at 1, 5, and 10% level of significance, respectively

Variables Coefficient Std. Err t value

ln_seed − 0.128** 0.046 − 2.800
ln_urea 0.323*** 0.047 6.880
ln_tsp 0.033*** 0.012 2.750
Intercept 8.660*** 0.427 20.300

Table 8  The elasticity of the predictors on rice production in Khulna

Three asterisks (***), two asterisks (**), and one asterisk (*) repre-
sent significant at 1, 5, and 10% level of significance, respectively

Variables Coefficient Std. Err t value

ln_seed 0.051** 0.0147 3.4718
ln_urea − 0.041*** 0.0153 − 2.6600
ln_pesticide 0.030*** 0.0127 2.3826
Intercept 10.889 0.1383 78.7400
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by identifying the exact dosage of urea fertilizer required 
after testing soil samples.

The above results in Table 8 indicate a positive rela-
tionship between seed and return from rice. The farmers 
generally use homegrown seeds, the quality of these seeds 
is not up to the mark, and the overall production rate is 
much lower compared to when using quality seeds bought 
from the markets. The results also suggest that if the cost 
of urea is decreased through proper use of urea fertilizer 
by maintaining the optimum ratio with other fertilizers, 
this will increase the return from rice.

In the case of pesticides, farmers generally use low 
quality and cheap pesticides, which, in most cases, were 
found to be ineffective in controlling pests. Rather, these 
pesticides help indirectly developing resistance against 
such pesticides. Therefore, it is recommended that farmers 
should buy the right good quality pesticides and use it in 
the exact required dosage. It is also recommended that the 
farmers should try to promote Integrated Pest Management 
(IPM) activities, which are also environmentally friendly.

The above results in Table  9 indicate that if other 
inputs such as climatic factors, the efficiency of the farm-
ers, etc. remain the same, then a 1% increase in seed cost 
will increase the return by 8%. Similarly, a 1% increase 
in urea cost will result in a 32% increase in return from 
rice, and in the case of MP, it will be a 23% increase in 
rice production.

Rice production with ARIMA model

Forecasts of different climatic variables such as average 
humidity, temperature, and moisture along with some input 
variables of rice production were determined to find the 
future rice production with changing climatic conditions. 
The main difficulty faced in this process included the una-
vailability of panel data. Household-level time-series data 
were not available to use with the climatic factors, although 
time-series data are available for some climatic factors like 
humidity, sunshine hour, temperature, etc. but many other 
factors that may influence the rice productivity of coastal 
areas like soil salinity, soil moisture, and nutrient content, 
etc. were not available. Rice production in all three study 
regions was forecasted for the year 2030 with the help of 
the ARIMA model.

As was mentioned earlier, different climatic and other 
input factors are forecasted first, and then, the forecasted 
inputs were used to fit with the main model (Table 10). 

The models used to forecast individual time-series are 
presented in Table 11. The log–log model was used to 

Table 9  The elasticity of the predictor variables for rice production in 
Cox’s Bazar

Three asterisks (***), two asterisks (**), and one asterisk (*) repre-
sent significant at 1, 5, and 10% level of significance, respectively

Variables Coefficient Std. Err t value

ln_seed 0.084*** 0.025 3.380
ln_urea 0.320*** 0.061 5.260
ln_MP 0.235*** 0.057 4.100
Intercept 6.520*** 0.556 11.730

Table 10  Climate-induced model used for forecasting of rice production

Source: Authors’ calculation using upazila level annual secondary data from the year 1988 to 2017
L and MA refer to lag and moving average, respectively

Area Model

Patuakhali Production = 305741.31 − 0.455 × production(L1) − 0.617 × production(L2) − 15677.968 × avg_tem + 16.611 × rain-
fall − 53.779 × tsp + 65.285 × mp + 78.649 × seed_aman

Kutubdia Production = 195205.05 − 1.479 × production(L1) − 0.495× production(L2) − 1.00 × production(MA1) − 2018.43 × a
vg_hum − 3459.27 × avg_tem + 7.72 × rainfall + 22.85 × urea − 1.374 × mp

Khulna Production = 213261.8 − 0.007 × production(MA1) − 457.16 × avg_hum − 5794.55×avg_tem − 1.06 × rain-
fall − 16.85 × urea + 98.629×mp

Table 11  Models used for forecasting of input variables

Area Predictor variable Model type

Patuakhali Average temperature Arima (2,0,0)
Rainfall Arima (1,1,1)
Tsp Exponential
MP Exponential
Seed aman Arima (1,1,1)

Cox’s bazar Average humidity Arima (0,0,1)
Average temperature Arima (1,0,1)
Rainfall Arima (1,0,0)
Urea Arima (1,0,0)
MP Arima (1,0,0)

Khulna Average humidity Exponential
Average temperature Arima (2,0,0)
Rainfall Exponential
Urea Exponential
MP Exponential
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fit with the equation of the variables used to forecast up 
to 2030. In this model, different variables were used for 
different areas as the agricultural input variables situa-
tion and environment or condition cannot be the same in 
all locations. For Patuakhali, the average temperature and 
TSP were found negatively correlated with the production 
and rainfall, MP, and seed were found positively corre-
lated with production. In Cox’s Bazar, average humidity, 
average temperature, and MP were found negatively cor-
related with production and rainfall and urea had a positive 
impact on rice production. In the Khulna region, the future 
value of rice production significantly depends on average 
humidity, average temperature, rainfall, and urea, which 
had a negative impact on rice production, and only MP 
was found to be positively correlated with rice production.

Different order ARIMA models as well as exponential 
for some series were used for forecasting. After checking 
the stationary of the time-series throw, Augmented Dekay 

Fuller (ADF) test lag order was identified through Partial 
Autocorrelation Function (PACF). According to the results 
of these tests, the appropriate model was selected, and the 
model result is presented in Table 10. If the amount of 
elasticity of each determinant is constant, then the table 
and figures reveal that rice production will increase till 
2030 for each district. From the figure, the parameter 
estimates of the fitted ARIMA are presented in Table 12. 
From the summary statistics of Table 12, the trend of rice 
production is shown in Figs. 1, 2 and 3.

Rice production is predicted by initiating the metrological 
variables and the detailed results are also presented in Table. 
From Figs. 2, 3, and 4, we can see an increasing trend in rice 
production in Patuakhali and Khulna district.

Rice production trend of Kutubdia Upazila did not show 
a satisfactory upward trend as several problems, includ-
ing salinity and shortage of irrigation water exist in the 
region (Qadir et al. 2014). There is excessive use of urea 

Table 12  Trends of rice production in different areas

Year Patuakhali Cox’s bazar Khulna

Predicted Lower Upper Predicted Lower Upper Predicted Lower Upper

2018 125,372 111,661.2 139,082.8 28,111.58 25,881.82 30,341.34 70,141.06 74,438.03 65,844.09
2019 127,641 113,930.2 141,351.8 27,427.6 25,197.84 29,657.35 77,163.28 81,460.25 72,866.31
2020 138,384 124,673.2 152,094.8 27,763.98 25,534.22 29,993.74 84,631.40 88,928.37 80,334.43
2021 146,139 132,428.2 159,849.8 27,577.36 25,347.6 29,807.12 92,895.23 97,192.20 88,598.26
2022 153,468 139,757.2 167,178.8 27,772.51 25,542.75 30,002.26 101,915.11 106,212.08 97,618.14
2023 166,666 152,955.2 180,376.8 27,771.46 25,541.7 30,001.22 111,809.69 116,106.66 107,512.72
2024 181,481 167,770.2 195,191.8 27,973.99 25,744.24 30,203.75 122,644.51 126,941.48 118,347.54
2025 196,307 182,596.2 210,017.8 28,065.62 25,835.86 30,295.38 134,515.14 138,812.11 130,218.17
2026 214,831 201,120.2 228,541.8 28,303.78 26,074.03 30,533.54 147,515.66 151,812.63 143,218.69
2027 236,749 223,038.2 250,459.8 28,453.98 26,224.22 30,683.73 161,751.92 166,048.89 157,454.95
2028 260,329 246,618.2 274,039.8 28,727.05 26,497.3 30,956.81 177,337.81 181,634.78 173,040.84
2029 286,985 273,274.2 300,695.8 28,919.67 26,689.91 31,149.42 194,397.31 198,694.28 190,100.34
2030 317,606 303,895.2 331,316.8 29,221.65 26,991.89 31,451.4 213,065.31 217,362.28 208,768.34

Fig. 2  The forecasted value of 
Patuakhali up to 2030
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fertilizer to combat the salinity in the soil that comes from 
the dual use of the soil for salt production, as well. Also 
as agriculture in the coastal region is more dependent on 
nature for inputs like irrigation, these inputs are now more 
affected by climate change issues. Such climatic changes 
could result in a need for innovative irrigation practices for 
the coastal regions of the country. The shortage of rain and 
an increase in temperature make agriculture more vulner-
able in these regions, which will affect the livelihood of 
the local people of that region. As well as the presence of 
arsenic and iron on the shallow water level and salinity in 
the groundwater levels makes it difficult to manage safe 
freshwater. Examples of innovative irrigation measures 
were seen in the practice in the coastal regions and can be 
promoted to combat climatic changes.

These include excavation of drainage basins to store 
water, there can be a couple of such basins where a pipe 
can be connected to all the basins and thus can pull greater 
amounts of water. Also, perforated pipes can be used 
where there is no need to keep water on the surface of the 
soil. As rice takes water from its underground root system, 
the water can be recharged as required through the pipe. 
The process of drip irrigation system reduces water loss 
and helps with the precision of water. According to Par-
thasarathi et al. (2018), the application of drip irrigation 
can result in a 50% savings of water and a 29% increase in 
yield compared to aerobic cultivation.

As weather patterns change over time gradually, it is nec-
essary to devise a plan that meets the requirements of the 
coastal region of Bangladesh. For this purpose, forecasting 

Fig. 3  Forecasted value of 
Cox’s bazar up to 2030
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Fig. 4  The forecasted value of 
Khulna up to 2030
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is the key tool that helps to inform people about future con-
sequences. The stochastic linear regression model, log–log 
model, and time-series models helped to forecast rice pro-
duction of the three coastal regions of Bangladesh based on 
historical data from 1988 to 2017.

Practical implication and policy measures

Rice production is extremely fragile and vulnerable to cli-
mate change impacts. Rice production in the coastal region 
of Bangladesh calls for a dynamic management plan that 
can cope with the changing environment. The development 
of a mobile-based data collection system could provide a 
systematic and solid management tool that can adjust to such 
changes. It was observed from the study findings that the 
significant input variable for rice production was not the 
same for all three study areas. This variation indicates that 
region-specific strategy is required rather than generalizing 
the issue for management purposes.

Community engagement needs to be involved in every 
step of the process. The involvement of the local community 
in the online data collection system would provide long-
term benefits for the local people as well as the policymak-
ers. Instant diagnosis of the problem area can be achieved 
through this process and can further help farmers to consider 
adaptation measures based on their indigenous practices. 
The involvement of the local community would also help 
in the management point of view of the suggested policies, 
as well. It would also be a powerful tool as the problem-
solving approach and strategy plan considers both science 
and indigenous knowledge.

A major hurdle faced during the study was the limitation 
of quality panel data at the local level as this was collected 
on a recall basis from the farmers. Panel data are important 
to forecast future scenarios as well as to understand current 
progress and threats. An appropriate strategy in this context 
has been suggested to help in the collection of panel data 
through a mobile-based application that stores data online. 
The mobile application is built for Android devices, as most 
of the farmers have easy access to such devices. The farmers 
can input relevant data directly using the mobile applica-
tion after each harvest. If the online data collection system 
is implemented, future analysis and subsequent identifica-
tion of agricultural input variables would be more accurate 
not only to predict future production scenarios but also to 
develop better management strategy at the farm levels to 
identify the significant input factors for rice production in 
the coastal region of Bangladesh.

Conclusion

The study was conducted to find the most significant input 
variables for rice production for each of the study regions. 
The price elasticity of the significant input variables was cal-
culated which help to understand which input factors would 
have a greater effect on future changes in rice production. 
The traditional general knowledge might not be suitable for 
all regions; therefore, a general development plan of the 
agricultural sector for the entire coastal region would not 
have a suitable outcome and, thus, specific plan is required 
for the different coastal areas of the country. It provides a 
perspective to create a culture of not using all inputs and 
focusing on the specific important ones by creating certain 
focused policies through research that helps farmers from 
wasting resources and, at the same time, increases the profit 
margin by reducing applying unnecessary inputs. The study 
can be replicated for other parts of the world to find signifi-
cant input factors for rice production in that area and will 
help to develop a specific policy plan for the agricultural 
sector.

The ARIMA model was used to forecast rice production 
for each of the study regions up to the year 2030. The trend 
line with every passing year was drawn to delineate how the 
trend should behave in the future under the current trend. 
Rice production trend of Kutubdia Upazila under Cox’s 
Bazar district did not show a satisfactory upward trend. This 
was due to the degradation of soil, which happens because 
of the dual practice of salt production and rice production 
on the same land and the excess use of urea fertilizers to 
combat the degrading quality of the land. Agriculture in 
the coastal region is more dependent on nature for inputs 
which would be greatly affected due to the climatic changes 
causing a shortage of rain and increasing temperatures. 
Innovative irrigation measures are discussed in the paper 
to combat such changes. Some measures such as keeping 
backup seed, especially seedling to replace seedling dam-
aged due to saline water inclusion, are essential. Moreover, 
infrastructural changes like dams, embankments, and proper 
drainage system development are very crucial. As well as 
the development of salt and drought-tolerant, varieties of 
crops can contribute to the strategy to cope with the adverse 
climatic changes.

Furthermore, the identified input measures and forecasts 
for rice production would not hold for long periods due to 
the dynamic nature of the coastal region. Therefore, a con-
tinuous update of the findings produced by this research 
is required. This would be easier with the help of mobile 
applications discussed in the paper that eases the process 
of collecting and storing data on rice production which is 
considered essential for sustainable planning purposes.
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