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A B S T R A C T

Many studies have examined the effects of climate change on farmland value in developed countries, but our
understanding of the impact of climate change on farmland value is still very limited, especially in developing
countries. In this study, we aimed to assess the effects of climate change on farmland value in Bangladesh using
the Ricardian model. Household-level data collected from seven selected agroecological zones in Bangladesh
were used to estimate the relationships among farmland value and long-term climate, farm household, and
policy variables. The results showed that the current land values of farmers are sensitive to climate. A new
variable called “flooding” was added to the Ricardian model, and the results indicated that floods are responsible
for reductions in farmland value, especially in lowland areas. Among the socio-economic variables, the avail-
ability of extension services and access to irrigation facilities were positively correlated with farmland value. The
estimated marginal impact results suggested that increases in temperature were associated with losses in small
farmland value, whereas the precipitation levels in both seasons positively influenced farmland value. Selected
global climate models predicted that climate change would have a negative impact on land value depending on
the climate model and source of farm income. The empirical findings obtained from this study are expected to
contribute to the formulation of sustainable adaptation strategies to maintain farm productivity and farmland
value in Bangladesh in the context of climate change.

1. Introduction

Climate is an important factor of agricultural productivity, and
temperature and precipitation are the major drivers of farm production
(Quaye et al., 2018). Therefore, climate change will have significant
impacts on agricultural productivity, efficiency of crop production,
farmland value, and net farm income (Kurukulasuriya and Ajwad,
2007; Massetti and Mendelsohn, 2011; Moore and Lobell, 2014;
Chatzopoulos and Lippert, 2015; Arshad et al., 2017). However, the
influence of climate change on farm productivity and profitability
varies widely across space and time (Mahmood et al., 2019). There is a
considerable geographic disparity within and across regions, particu-
larly in tropical and non-industrialized countries. As such, there will be
high spatial variability of the impact of climate change (Mendelsohn,
2008; Ruane et al., 2012). Thus, assessing the impacts of climate change
on farmers profit and farmland value at the regional or local scale is
very important, as a decline in farm income has been reported to in-
fluence the consumption portfolios of farm households (Amjath- Babu

et al., 2016).
The traditional approaches (e.g., the production function approach)

used to examine the effects of climate change describe the agronomic
relationships between production and soil and climatic factors based on
an empirical or experimental production function to predict environ-
mental damage (Rosenzweig and Parry, 1994; Roco et al., 2017; Arshad
et al., 2018). These approaches involve modifying one or several input
variables to estimate their effects on agriculture or crop productivity,
but the ability of farmers to proactively adapt their farmland is not
always considered. Mendelsohn et al. (1994) noted bias in the pro-
duction function approach because it fails to adequately account for
crop substitution effects or the adaptive land management practices
implemented by farmers. Thus, they proposed an alternative approach
in which an integrated indicator is employed as a proxy for the pro-
ductive value of a given plot of farmland. This approach is outlined to
include potential mixtures of crops and/or livestock combinations im-
plemented by farmers to incorporate the indirect substitution of inputs,
labor, and other farm activities but not land rent.
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One of the earliest studies to examine the impact of climate change
on farmland value was conducted by Mendelsohn et al. (1994), who
considered a range of additional environmental variables, such as soil
type and quality, which are controlled by temporal variations in cli-
matic variables, and they showed that temperature and precipitation
play vital roles in determining farmland value throughout much of the
United States of America. Moreover, Bobojonov and Aw-Hassan (2014)
in Central Asia and Sanghi et al. (1997) in Brazil found that both
temperature and precipitation variability negatively affect farmland
value when measured over medium-term time scales. The Ricardian
framework has been most widely used in studies in which medium-term
climatic data are employed to approximate the climate of a region and
to assess its effects on farmland value. This framework was first in-
troduced by Mendelsohn et al. (1994) to assess the impacts of climate
change on land value and then employed in other studies (Seo and
Mendelsohn, 2008; Moore and Lobell, 2014; Bozzola et al., 2014; Fezzi
and Bateman, 2015; Chatzopoulos and Lippert, 2016; Quaye et al.,
2018). Most of the previous studies were conducted in developed

countries where larger and more comprehensive data sets are available.
By contrast, most of the studies performed in developing countries have
only analyzed the impacts of climate change on the net revenue from
agricultural productivity (Seo and Mendelsohn, 2008; Mishra et al.,
2015; Abidoye et al., 2017a; Abidoye et al., 2017b; Hossain et al.,
2019a; Hossain et al., 2019b). Few studies have considered the impact
of climate change on farmland value in developing countries (Arshad
et al., 2016a; Kanwar and Bohara, 2017). However, changes in climate
may have serious effects on farmland value in developing countries
such as Bangladesh, where significant changes are already evident
(Ruane et al., 2012; Rahman et al., 2017). Thus, given its high de-
pendency on agriculture and vulnerability to climate change, it is very
important to elucidate the possible impacts of climate change on
farmland value in Bangladesh.

According to the IPCC (2014), Bangladesh is one of the most sus-
ceptible countries in the world to natural disasters and climate risks. Its
geographical location, expansive delta, vast plains, and low-lying lands
combined with its monsoon climate and multiple large river systems

Fig. 1. Map of the AEZs in Bangladesh. Seven AEZs were surveyed (AEZ number 3, 9, 11, 18, 19, 20, 29) out of 30 (Appendix-A) in this study. Source: BARC (2005).
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have made Bangladesh highly exposed to natural calamities (World
Bank, 2010). Floods, cyclones, tidal storms, river erosion, tornados,
hailstorms, and droughts are common in Bangladesh, and they affect
farm productivity on a regular basis (DDM, 2017). For example, Cy-
clone Sidr in 2007 destroyed the entire economy of Bangladesh, and the
total damages amounted to US$ 1.67 billion (IFRC, 2010). The current
incidence of floods in the northern part of Bangladesh and tropical
Cyclone Mora affected an estimated 3.3 million people and 562,594 ha
of agricultural crops in 2017 (DDM, 2017).

Over the last four decades, the average daily temperature in
Bangladesh has increased at a rate of 0.103 °C/decade (Shahid, 2010).
Changes in spatial variability and a negative trend in winter season
precipitation have also been reported (Shahid, 2010). According to the
IPCC (2007), increases in the annual average temperatures of 1 °C by
2030, 1.4 °C by 2050, and 2.4 °C by 2100 are predicted for Bangladesh.
Based on these projections, it is anticipated that the country will ex-
perience severe heat waves, more warm days, and a greater risk of
droughts. These projections may have harsh impacts on an agroec-
onomy based country such as Bangladesh, where the agriculture sector
also contributes approximately 17% to the country’s gross domestic
product and employs more than 45% of the total labor force (BBS,
2016). Agriculture also provides a livelihood for 70% of the rural po-
pulation in Bangladesh either directly or indirectly (BBS, 2016). Given
the sensitivity and vulnerability of the farming systems of Bangladesh to
climate change and weather extremes, a specific investigation of its
effects on Bangladesh is necessary.

The major objective of this study was to assess the impact of long-
term climate change on farmland value in Bangladesh. The marginal
impacts of climate and future climate projections on farmland value
were also determined. We achieved these objectives by conducting a
Ricardian analysis modeling country and region-specific variables
based on a unique data set comprising 420 farms across seven selected
agroecological zones (AEZs) in Bangladesh.

2. Materials and methods

2.1. Location of the study

Bangladesh is located in South Asia, and it has a total area of over
147,000 km2. Bangladesh has a tropical monsoon climate with high
humidity, high temperatures, and heavy seasonal rainfall. The average
annual rainfall varies from 1500 mm in the west-central part to over
3500 mm in the northeast and southeastern parts of the country.
Approximately 80% of the total rainfall occurs during the monsoon
season (June to September). The average summer temperature ranges
from 30 °C to 40 °C, whereas the average winter temperature varies
from 18 °C to 22 °C. April is the hottest month and January is the
coldest in Bangladesh (Banglapedia-climate, 2014). The land types in
Bangladesh can be divided into 30 AEZs based on physiographic

features, soils, and land levels in relation to flooding and agroclimatic
characteristics (BARC, 2005) (Fig. 1). Two distinct cropping seasons are
usually observed in Bangladesh: The dry season lasts from November to
March and the wet season lasts from April to October. Wheat, pulses,
Boro rice, oilseeds, potato, and winter vegetables are usually grown in
the dry season, while jute, summer vegetables, Aus and Aman rice are
grown in the wet season (Banglapedia-agriculture, 2016).

2.2. Sampling and data

2.2.1. Sampling procedure
We applied a disproportionate stratified random sampling technique

to obtain a representative sample across seven selected AEZs in
Bangladesh. The characteristics of the selected AEZs are shown in
Appendix A. This classification provided a rigorous scientific and sta-
tistical basis for stratification. Each AEZ was considered as one stratum.
One administrative district was randomly selected from each stratum
(Fig. 1). Two Upazilas (lower administrative units) were randomly se-
lected from each selected district. In addition, two villages from each
Upazila and 15 respondents from each village were randomly chosen,
resulting in 60 respondents from each AEZ, with a total of 420 samples
across all seven AEZs.

2.2.2. Primary data
Using a structured questionnaire, primary data were collected from

respondents across seven selected AEZs in Bangladesh. For this purpose,
three efficient enumerators were employed to conduct the ques-
tionnaire pretests and final data collection. The questionnaire solicited
detailed information regarding farm household and socioeconomic
characteristics of the sampled households, including basic farm
household characteristics, farm size, access to extension services and
market facilities, availability of farm credit and irrigation resources,
etc. Information on farmers’ perception of the soil texture on their farm
(loamy or clay texture), local climate dynamics over the last decade,
and any perceived effects of climate variations on the productivity of
their farms was also collected. We subsequently collected details of the
current adaptation measures undertaken by farmers to mitigate the
effects of climate change (Table 1). Table 1 shows that, among the
different adaptation measures employed, increased use of irrigation was
the most important adaptation measure across the seven selected AEZs
in the country. We then requested detailed information regarding
farmland value by eliciting the perception of farmers of the market
value of their land in 2017 when the survey was conducted.

The core variable for the Ricardian analysis is the farmland value
per hectare. It is generally assumed that land markets are relatively
well-organized. Similar to other developing countries, the farmland
markets in Bangladesh are generally operated at both formal and in-
formal levels. Farmlands are usually priced according to tradition or on
a subjective basis (Ay and Latruffe, 2013), with little consideration of
modern land market systems. However, in periurban areas, markets
may be more established and formal. It is assumed that some divisional
land revenue departments preserve records related to value, land
ownership, and transfers, but there is no systematic collection of his-
torical data concerning farmland sales and purchases in any district.
The data that are available at the district level are mostly proprietary.

It is widely assumed that the value of farmland is determined based
on the biophysical attributes of the land (e.g., land productivity and
water-holding capacity), which are partly affected by the estimates
made by farmers of the potential productivity of a given allotment
(Miranowski and Hammes, 1984; Peterson, 1986; Buck et al., 2014).
Therefore, there could be potential errors in the estimated farmland
value when it is compared with a fully functioning market system, in
which information is widely available and shared. However, the errors
in the evaluations of farmland value are not always correlated with
independent climatic variables, such as temperature and precipitation,
which we used in our study (Mendelsohn et al., 1994). Given these

Table 1
Current adaptation techniques undertaken by farmers across the seven AEZs.

Adaptation techniques Percent of sampled households

Increased use of irrigation 71
Crop diversification 37
Use of different crop varieties 32
Changes of planting dates and crop types 30
Changes of cropping patterns 27
Cultivating short duration crops 24
Integrated farming systems 18
Mechanization of farms 13
Water and soil management 10
Changes in land use for nonfarm activities 8
Agroforestry techniques 7

Column sum to> 100% because sampled households reported more than one
adaptation technique.
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imperfect land markets and the nonavailability of appropriate data in
Bangladesh, we used the farmland prices reported by farmers. There-
fore, the participants were asked to report the price of their farmland in
local currency units and were also asked about the approximate selling
price of their farmland on the date they were interviewed. Finally, the
reported land values were converted into US dollars per hectare. We
completed all of the surveys between January 2017 and April 2017.

2.2.3. Secondary data
Monthly precipitation and temperature data for the period from

1971 to 2016 (46 years) recorded at 36 meteorological stations dis-
tributed throughout Bangladesh were collected from the Meteorological
Department. To estimate the climate for each surveyed district, climate
data were interpolated using the inverse weighted distance method.
Two different approaches were tested for modeling purposes. In the first
approach, we used four 3-month seasons comprising winter (December
to February), spring (March to May), summer (June to August), and fall
(September to November) because this is the standard method em-
ployed for capturing seasonal effects in previous Ricardian studies
(Mendelsohn and Massetti, 2017). In the second approach, we divided
the whole year into two basic cropping seasons in Bangladesh: wet
(April to October) and dry (November to March) seasons. The second
approach was considered appropriate for Bangladesh (Abidoye et al.,
2017a) and applied for the final analysis. Rainfall and temperature
were both measured as the average monthly climate during each
cropping season. The wet and dry cropping seasons are also known as
summer and winter, respectively, in Bangladesh.

2.3. Ricardian method

The Ricardian method is named after David Ricardo (1772–1823),
who proposed that farmland prices approximate the net productivity of
agricultural land in the long run, where land value represents the
current value of the future stream of net farm income (Ricardo, 1817).
Mendelsohn et al. (1994) employed the Ricardian approach to under-
stand the behavior of farmers when adapting to the impacts of climate
change on crop and farm productivity. Thus, this approach considers
the adjustments made by farmers to adapt to climatic variability, for
example, such as by changing their use of crop species, inputs, or cul-
tural management practices to optimize the whole-farm yield and
revenue. This approach assumes that farmers are sufficiently econom-
ically rational to adapt to local climatic and environmental changes and
that they are also able to efficiently produce outputs relative to a given
set of inputs. Mendelsohn et al. (1994) argued that other models (e.g.,
crop growth simulation models and agroeconomic models) may over-
estimate the negative impact of climate change by narrowly focusing on
the simulated yield responses of a single crop or cropping systems,
whereas farmers actually manage whole-farm enterprises with multiple
crops and other productive components. Therefore, the Ricardian ap-
proach aims to estimate the empirical relationship between climatic
variables (temperature and precipitation in the present study) and the
value of farmland based on cross-sectional regression analyses.

The advantages of this approach include: (i) accounting for all major
enterprise activities on the sampled farms; (ii) considering the adap-
tations of individual farmers to perceived climatic changes; and (iii)
accounting for observed farmland value as a function of the adjust-
ments that farmers make in response to biophysical factors, including
climate. The Ricardian method also assumes that farmers are suffi-
ciently cognizant of the effects of climate on crop productivity and that
they react proactively to mitigate any negative effects. However, the
Ricardian method also has some limitations. For example, the method
does not measure the effect of prices (Cline, 1996) and carbon dioxide
(CO2) fertilization (Mendelsohn and Nordhaus, 1996). Thus, the effects
of prices and carbon fertilization need to be included in post estimation
analyses (Abidoye et al., 2017a). For example, prices will depend on
global demand and supply, and carbon fertilization will depend on the

CO2 concentration (Abidoye et al., 2017b). The Ricardian output in
each region can be adjusted as these variables will change in the future.
The Ricardian method combines farmland value and crop production
value into a single composite unit (Chatzopoulos and Lippert, 2016).
Furthermore, the adaptations made by farmers are considered im-
plicitly, whereas the transactions and transition costs associated with
crop management and behavioral change are ignored as is the time that
may be required to fully implement such changes (Kelly, 2005). An-
other controversial limitation is related to the application of irrigation
(Cline, 1996), which can mitigate the effects of high temperatures or
droughts. Some studies have argued that irrigated and rainfed farms
should be analyzed separately in Ricardian studies (Mendelsohn and
Dinar, 2003), whereas others suggest that irrigation should be con-
sidered to be an endogenous variable (Kurukulasuriya et al., 2011).
However, this is not an issue in Bangladesh because most farms rely on
irrigation (Acharjee et al., 2017).

2.4. Empirical model specification

According to Mendelsohn et al. (1994), the Ricardian model can be
expressed as follows:

=L f C F H P( , , , )v (1)

where Lv is the farmland value per hectare; C is the vector of climate
variables; F is the flood classification of the land; H comprises the farm
household variables, including the age and education of the respondent,
household size, farming experience, farm size, and soil type (loamy or
clay soil); and P is the vector of policy variables, including access to
market, agricultural extension services, access to farm credit, and access
to irrigation facilities.

The standard Ricardian model is based on a quadratic formulation
of the climatic variables. Therefore, the empirical model can be ex-
pressed as:

= + + + + + +L C C F H P uv 0 1 2
2

3 4 5 (2)

where C and C2 capture the levels and quadratic terms for the climatic
variables (temperature and precipitation), respectively, and u is an
error term. To capture the expected nonlinear shape of the response
function between the land value and climate, linear and quadratic
terms for temperature and precipitation are introduced in this study.
Mendelsohn et al. (1994) showed that farmland value has a concave
relationship with temperature. The farmland value function should
have an inverted U-shape if the quadratic term is negative and a U-
shape when the quadratic term is positive.

We included a new variable named “flooding” in our Ricardian re-
gression analysis because flooding is a very common natural hazard
compared with other hazards in Bangladesh. Every year, flooding re-
sults in a loss of human lives and affects the country’s entire economy.
During the monsoon season, approximately 21% of the land is flooded
every year, but more than 60% of the total land can be inundated in
severe cases (Dewan et al., 2003). In our analysis, the flooding variable
was assigned according to five categories based on the relative fre-
quency and depth of floods: highland, medium highland, upper low-
land, medium lowland, and lower lowland (Appendix B). The prob-
ability and severity of flooding increase when moving from highland to
lower lowland regions. We included these categorical variables as
dummy variables to capture the effect of flooding in our analysis.

According to Eq. (2), the marginal effects of a change in tempera-
ture or precipitation on farmland value can be expressed as follows:

= + = +L T T L R R/ 2 and / 2v v1 2 3 4 (3)

where T and R denote temperature and precipitation, respectively.
The change in annual welfare, ΔW, due to the climate changing

from (C0) to (C1) can be measured as follows:

=W V C V C( ) ( )1 0 (4)
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The land value increases if the change is beneficial, and vice versa.
The impact of future climate change on farmland value in

Bangladesh was also examined using Eq. (4) in this study. To estimate
future changes in the surface temperature and precipitation in each
district, two coupled atmospheric oceanic general circulation models
(AOGCMs) were applied, namely, the Canadian Earth System Model
(CanESM2) (Chylek et al., 2011) and the Beijing Normal University
Earth System Model (BNU-ESM) (Ji et al., 2014). The data were
downloaded from the Coupled Model Intercomparison Project Phase 5
(CMIP5) website (http://pcmdi9.llnl.gov). The simulated monthly
mean daily surface temperatures and monthly total precipitation for
each model were averaged to estimate the monthly mean climatological
changes (relative percentages of precipitation change and absolute
temperature change) in the periods from 2021 to 2060 and from 2061
to 2100 (relative to the historical period 1971–2005) for the Re-
presentative Concentration Pathway RCP8.5 scenarios (Van Vuuren
et al., 2011).

STATA statistical software version 14.0 was used to analyze the data
and run the Ricardian model. The summary statistics of the climate and
other variables used in the analysis are presented in Table 2.

3. Results

Table 3 presents the results obtained by the two Ricardian models
for farmland value after introducing the climate, flooding, soil, and
social variables. In the first regression, only climate variables (tem-
perature and precipitation) and their quadratic terms were included.
Along with the climatic variables, flooding, soil, and other social vari-
ables were also included in the second regression. The two regressions
explored whether adding country and region-specific variables changed
the underlying results on climate impacts. To minimize multi-
collinearity among the independent variables, farming experience was
excluded from the analysis because it was correlated with the age. To
reduce heteroscedasticity, a robust method was applied for the esti-
mation of t-statistics.

The results presented in Table 3 show that wet season temperature
variable was significant in both models (p-value< 0.05) and had a
negative coefficient, whereas their quadratic terms were significantly
(p-value<0.05) and positively associated with farmland value. The
coefficients for the dry season temperature in both models were positive
and statistically significant, with p-values of< 0.05 and< 0.01,

respectively, but their quadratic terms were also significant (p-va-
lues< 0.05 and< 0.01) and negatively correlated with farmland
value. In addition, the coefficients for wet season precipitation in
models 1 and 2 were positive and statistically significant (p-value<
0.05), whereas their quadratic terms were significant (p-value< 0.05)
and negatively associated with land value. Moreover, dry season pre-
cipitation in both models (1 and 2) had positive coefficients, and they
were statistically significant, with p-values< 0.05 and<0.01, respec-
tively, whereas their quadratic terms were significant (p-values< 0.1
and< 0.01) and negatively correlated with land value. From Appendix
B, it can be observed that 24.68% of the sampled farms were in high-
lands and another 49.84% were in medium highlands. The remaining
25.48% of farms were lowland areas. Highland had a positive coeffi-
cient whereas lowland had a negative coefficient with a p-value
of< 0.01. Among the socioeconomic variables, access to irrigation,
farm size, access to agricultural extension services, and loamy soil were
positively correlated with farmland value with a p-value of< 0.05,<
0.01,< 0.1 and< 0.01, respectively.

The results of marginal impacts are presented in Table 4. From the
Table, it can be noticed that a marginal increase in temperature in the
wet season would result in a loss of land value of approximately US$
1084 per hectare. By contrast, a marginal increase in temperature
during the dry season would cause an increase in land value of ap-
proximately US$ 716 per hectare. Table 4 also shows that farmland
value had a negatively elastic (–0.40) with respect to changes in tem-
perature whereas positively elastic (0.14) to changes in precipitation.

The distribution of the marginal impacts across seven AEZs in
Bangladesh were also calculated and displayed in Table 5. The results
revealed that most of the zones faced losses of farmland value between
US$ 368.68–1745.88 due to increased temperature in the wet season
whereas maximum zones gained between US$ 120.19–547.14 due to
increased precipitation in the dry season.

The impacts of future climate change on land value were also esti-
mated and are presented in Table 6. Both CanESM2 and BNU-ESM
models forecasted increases in temperatures in the ranges of
1.81–2.04 °C between 2021 and 2060 and 3.68–4.47 °C between 2061
and 2100, respectively. CanESM2 projected increases in precipitation of
3.39–19.97% during both periods. Further, BNU-ESM projected a de-
crease in precipitation of 4.8% between 2021 and 2060 but an increase
of 5.47% between 2061 and 2100.

4. Discussion

4.1. Climate variables and farmland value

The findings obtained using both models (Table 3) appeared to be
robust because the estimated models explained 9.9% to 41.6% of the
observed variance in farmland value. Moreover, most of the parameter
coefficients showed the expected signs. The climate variables showed
nonlinear relationships with farmland value in both models, which is
consistent with the results of previous Ricardian studies
(Kurukulasuriya and Ajwad, 2007; Thapa and Joshi, 2011; Mishra
et al., 2015; Arshad et al., 2016a; Kanwar and Bohara, 2017).

Wet season temperatures had a large negative coefficient, thereby
indicating that rising temperatures will be detrimental to farm pro-
ductivity and, ultimately, to farmland value, whereas higher dry season
temperatures will be beneficial. High wet season temperatures can
destroy or slow down crop productivity, but high dry season tempera-
tures are crucial for the ripening and maturation of crops and thus farm
productivity (Rahman et al., 2017). On the other hand, dry season
temperatures exhibited an inverted U-shaped relationship with farm-
land value, whereas wet season temperatures had a U-shaped re-
lationship. The positive and negative signs for dry and wet seasons
temperature indicate that increases or decreases in temperature would
have a harmful or beneficial effect on farmland value, respectively. In
addition, both the dry and wet season precipitation levels had an

Table 2
Summary statistics of the variables used in the model (Sample size n = 420).

Variables Mean Standard deviation

Land value (US$/hectare) 39647.32 14987.21
Temperature, wet season (in degrees Celsius) 28.10 0. 54
Temperature, dry season (in degrees Celsius) 21.15 0. 98
Precipitation, wet season (in Millimeters) 300.17 105.84
Precipitation, dry season (in Millimeters) 20.89 8.81
Highland (dummy variable) (yes = 1, no = 0) 0.81 0.39
Lowland (dummy variable) (yes = 1, no = 0) 0.25 0.44
Gender (gender of the farmer)
(1 = male, 0 = female) 0.97 0.18
Farmers’ age (years) 47.85 9.68
Education (years of schooling) 6.11 2.17
Farm household size
(number of household members) 6.17 1.41
Farming experience (years of experience) 26.49 9.05
Loamy soil (dummy variable)
(Loamy soil = 1, non-loamy soil = 0) 0.29 0.41
Clay soil (dummy variable)
(Clay soil = 1, non-clay soil = 0) 0.36 0.27
Access to bank credit (yes = 1, no = 0) 0.27 0.44
Access to irrigation (yes = 1, no = 0) 0.79 0.41
Access to extension services (yes = 1, no = 0) 0.41 0.49
Access to market (yes = 1, no = 0) 0.49 0.37
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inverted U-shaped relationship and positive correlations with farmland
value, thereby indicating that precipitation in both seasons is beneficial
for farm productivity in Bangladesh (Abidoye et al., 2017a). These
findings suggest that long-term variability in temperatures and pre-
cipitation will affect farmland value in the seven AEZs in Bangladesh,
although further research based on a larger sample size should be
considered to validate these results. Our study observations are, to some
extent, consistent with the results obtained by Arshad et al. (2016a) in
Pakistan, mainly due to largely similar climatic conditions in these two
countries.

4.2. Flooding, soils, socioeconomic variables and farmland value

In the second model, we included “flooding” to better assess the
impact of climate change on land value given that Bangladesh faces
frequent flood every monsoon. The Ricardian model that included
flooding is superior to the traditional Ricardian model and provides
highly plausible results. Flooding is harmful to crops and farm pro-
ductivity. In the analysis, we combined the three lowland classifications
into a single lowland variable and the two highland classifications into
a single highland variable. Thus, the analysis captured flooding by
shifting land between the highlands and the lowlands. The results
showed that the highlands, which were unaffected by floods, were
positively correlated with farmland value. On the other hand, the ne-
gative association between lowlands and farmland value indicates that
the lowlands are highly vulnerable to floods, which are responsible for
reducing farm productivity, resulting in lower farmland value.
“Highlands” is a relative term in Bangladesh because even the high-
lands are frequently flooded every year, although only for a short
period.

The positive correlation between access to irrigation facilities and
farmland value implies that irrigation increases farmland value. In
Bangladesh, farmers widely apply irrigation especially groundwater
irrigation to hedge against drought and heat stress (Alam, 2015), which
has an important effect on increasing farm productivity. Due to higher
abstraction, the groundwater levels are decreasing in many regions of

Table 3
Estimates of the impact of climate change on farmland value across the seven selected AEZs in Bangladesh obtained from Ricardian models.

Variables Model 1 Model 2

Coefficient Robust t-statistics Coefficient Robust t-statistics

Temperature, wet season −821267.40** −2.32 −617083.50** −2.21
Temperature, wet season squared 14766.45** 2.31 11110.94** 2.21
Temperature, dry season 160334.70** 2.10 154258.40*** 2.82
Temperature, dry season squared −3758.31** −2.10 −3650.63*** −2.83
Precipitation, wet season 366.29** 2.33 234.16** 2.26
Precipitation, wet season squared −0.45** −2.49 −0.24** −2.03
Precipitation, dry season 1768.07** 1.97 2914.37*** 3.57
Precipitation, dry season squared −37.26* −1.83 −66.81*** −3.65
Highland 1748.24 1.36
Lowland −7736.85*** −2.87
Farmers’ age −65.49 −1.11
Household size −217.15 −0.60
Farm size 6585.46*** 9.05
Loamy soil 8104.94*** 2.91
Clay soil −1972.34 −0.74
Access to irrigation 2605.92** 2.04
Market access 2843.13 1.22
Access to extension services 2145.41* 1.91
Access to bank credit 1523.65 1.18
Constant 9665641.00** 6881699.00** 2.00
N 420 420
F 2.17** 9.80***
Adjusted R2 0.0992 0.4162

***p < 0.01; **p < 0.05; *p < 0.1.

Table 4
Marginal impacts of climate on farmland value (US$/ hectare).

Variables Full model

1 °C increase in temperature on farmland value (US$/hectare)
Temperature, wet −1083.85
Temperature, dry 716.34
Annual temperature −367.51
Annual elasticity −0.40
1 mm/month increase in precipitation on farmland value (US$/hectare)
Precipitation, wet 11.88
Precipitation, dry 117.68
Annual precipitation 129.56
Annual elasticity 0.14
Total climate −237.95

1US$ = 80.64 BDT, considering the average exchange rates during the survey
(2017).

Table 5
Marginal impacts of climate across seven AEZs.

AEZs Wet season Dry season Annual

1 °C increase in temperature on farmland value (US$/hectare)
Old Brahmaputra Floodplain −1030.63 661.95 −368.68
Young Meghna Estuarine Floodplain −1261.21 114.21 −1147.00
High Ganges River Floodplain −2059.39 906.69 −1152.70
Old Meghna Estuarine Floodplain −2112.60 366.72 −1745.88
Tista Meander Floodplain −746.83 1116.46 369.63
Northern & Eastern Hills −924.21 976.61 52.50
Eastern Surma-Kushiyara Floodplain 512.51 871.73 1384.24
1 mm/month increase in precipitation on farmland value (US$/hectare)
Old Brahmaputra Floodplain 18.18 102.01 120.19
Young Meghna Estuarine Floodplain 23.04 422.78 445.82
High Ganges River Floodplain 34.93 324.24 359.17
Old Meghna Estuarine Floodplain 33.62 117.27 150.89
Tista Meander Floodplain 13.45 533.69 547.14
Northern & Eastern Hills −7.80 −89.71 −97.51
Eastern Surma-Kushiyara Floodplain −32.30 −585.29 −617.59
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Bangladesh, which may lead to an increase in salinity and irrigation
costs, with likely negative effects on land value in the long term
(Acharjee et al., 2017). Therefore, surface water irrigation is important
for reducing the growing pressure on groundwater resources (Alam,
2015). Farmers in Bangladesh are highly reliant on irrigation, so future
studies should examine the role of irrigation as an adaptation measure
in response to climate change. Another comparative study with and
without water quotas could assess the impact of climate change on the
net profit of farmers as investigated by Fleischer et al. (2007) in Israel.

Farm size had a hill-shaped relationship with the farmland value,
which reflects the effects of economies of scale, such that the pro-
ductivity of a farm will increase as the farm size increases. Farmers with
large farms may deploy modern technologies/methods as climate
change adaptation techniques, thereby resulting in higher farm pro-
ductivity. Therefore, large farms are associated with higher pro-
ductivity compared to small farms. Arshad et al. (2016a) reported si-
milar observations in Pakistan. The positive relationship between
availability of agricultural extension services and land value indicates
that farmers with more access to extension services are more capable of
increasing their farms’ productivity. This finding implies that new
technologies and updated agricultural information are dispersed
through extension services, which can help farmers to improve their
farm production, thereby affecting farmland value in the study area
(Delaporte and Maurel, 2016). Access to extension information and
services could also improve the knowledge of farmers and thus increase
their capacity to improve farmland quality and infrastructure and to
adapt to climate variability (Haq et al., 2015). The positive association
between loamy soil and farmland value demonstrates that loamy soil
increases the productivity of crops. As loamy soil is highly fertile, with a
crop productivity rate that is higher than that of clay soil, it ultimately
has a positive effect on land value for farmers.

4.3. Estimates of marginal impacts

Table 4 shows the marginal impact of each variable by season to
understand how temperature and precipitation may affect farmland
value. The analysis implies that marginal impact of temperature in the
wet season was negative and correlated on farmland value whereas
positive correlation was observed in the dry season. Increased tem-
peratures in the earlier part of the wet season may be beneficial by
facilitating primary growth and the development of crops, whereas a
warmer climate in the later stages could have disadvantageous effects
on crop growth (Hossain et al., 2019a). On the other hand, compara-
tively low temperatures in the beginning of the dry season may have
negative effects on crop growth, but a temperature rise in the later
stages would be beneficial for the overall growth and development of
crops (Miah et al., 2016; Hossain et al., 2019b). Moreover, the negative
annual elasticity result indicates that increased temperature would
decrease farmland value.

The marginal impacts of precipitation during both the wet and dry
seasons were positive on land value. A marginal increase in wet season
precipitation would have a minimal positive effect on farmland value,
which indicates that early precipitation in the wet season would be
more conducive to farm productivity than excessive precipitation in the
later stages (Hossain et al., 2019a). Therefore, the timely arrival of

summer precipitation and its regularity are very important for farm
productivity in this country. By contrast, increased precipitation in the
dry season would be beneficial for farm productivity and enhance land
value. Thus, more precipitation in the dry season is crucial for better
farm productivity in Bangladesh (Hossain et al., 2019b). Moreover, the
positive annual elasticity result implies that increased precipitation
would increase farmland value.

We analyzed the relationship between the annual climate and
farmland value to understand the possible offsets between the wet and
dry season temperatures and precipitation. By combining the seasonal
effects (Table 4), a marginal decrease in the annual temperature and an
increase in the annual precipitation was observed. The seasonal effects
appeared to offset each other, thereby resulting in nonsignificant an-
nual effects. Our analysis indicates an overall negative impact on
farmland value (US$ −237.95), however, the loss resulting from the
annual marginal temperature was very small (only 1%), especially
given the high temperatures in Bangladesh. As a humid tropical region,
it may be expected that marginal warming would be harmful to agri-
culture and farmland value but our findings demonstrate that the im-
pact of high temperature appears to be offset by the high rainfall in
Bangladesh. Similar findings have been reported by Abidoye et al.
(2017b) in their recent study on Bangladesh. High rainfall allows for a
very high proportion of farmland in Bangladesh to be irrigated, espe-
cially in the monsoon season. Compare to rainfed farmland, irrigated
farmland can endure much higher temperatures, thereby allowing more
cropping seasons per year and increasing land value. The additional
cropping seasons and irrigation will compensate for the lower pro-
duction in the hottest months. In addition, to overcome the irregular
rainfall pattern and unequal distribution, farmers may employ supple-
mentary irrigation to mitigate the effects of high temperatures. Fur-
thermore, spreading awareness among farmers about the future oc-
currence of climatic extremes and initiating crop insurance programs
could be an adaptation strategy to compensate for crop damage caused
by floods in Bangladesh (Arshad et al., 2016b). Recent studies were
conducted by Abidoye et al. (2017a) and Abidoye et al. (2017b) in
South and Southeast Asia, including Bangladesh, and Abidoye et al.
(2017a) found small positive marginal effects on farm revenue, whereas
Abidoye et al. (2017b) found small negative effects. A comparison of
our marginal results with these previous findings indicates that they are
highly consistent.

4.4. Marginal impacts of climate across seven AEZs

Based on the coefficients obtained from the Ricardian regression
model with Eq. (2), we calculated the marginal impacts of temperature
and precipitation for each zone to examine the distribution of the im-
pacts across seven AEZs in Bangladesh (Table 5). We found that in-
creased temperatures were harmful to farm value in the wet season
(except in the relatively colder climate zone, such as the Eastern Surma-
Kushiyara Floodplain) but beneficial in the dry season. The Young
Meghna Estuarine Floodplain, High Ganges River Floodplain, and Old
Meghna Estuarine Floodplain zones are characterized by a hot climate
which indicates that higher temperatures decreased land value in these
zones. However, increased precipitation increased land value in both
the wet and dry seasons, except in the Northern and Eastern Hills and

Table 6
Impacts of selected climate scenarios on farmland value (US$/hectare).

Climate projection models Changes in temperature in0C % change in precipitation Changes in land values

CanESM2: 2021-2060 2.04 3.39 −4296.01 (−10%)
BNU-ESM: 2021-2160 1.81 −4.80 −3352.18 (−8%)
CanESM2: 2061-2100 4.47 19.97 −9558.87 (−24%)
BNU-ESM: 2061-2100 3.68 5.47 −7294.10 (−18%)

Percentage changes are shown in parentheses.
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Eastern Surma-Kushiyara Floodplain zones. These two zones are greatly
influenced by heavy seasonal rainfall, especially in the wet season.
Table 5 also shows that dry season rainfall increased farmland value to
a greater extent compared with wet season rainfall. Our findings are
supported by the results of Seo et al. (2005) in the Sri Lankan’s climate
context.

Moreover, Table 5 demonstrates that there will be losses and gains
in land value due to climate change, and the marginal impacts will not
be uniformly distributed across these seven AEZs in Bangladesh. Thus,
it is important for government policy planners to exploit the benefit of
the gains and reduce the losses by assessing the efficiency of the existing
adaptation mechanisms in Bangladesh and finding ways to support
them.

4.5. Climate projections and their impacts on farmland value

By using Eq. (4) and the parameters from the fitted land value
model in Table 3, we then examined the effects of the AOGCM scenarios
on farmland value. The estimations revealed that both models (Ca-
nESM2 & BNU-ESM) anticipated increasing temperatures across studied
AEZs of Bangladesh whereas rainfall was fluctuated. Changes in rainfall
can be either beneficial or harmful depending upon whether rainfall
levels increase or decrease respectively in the climate scenarios. Table 6
shows that as temperature increased, the reduction in farmland value
per hectare was greater in the period from 2061 to 2100 than that from
2021 to 2060 based on the climate projections obtained by both
AOGCMs. Our findings are consistent with those of Abidoye et al.
(2017b) as they also reported negative impacts of future climate sce-
narios on farmers' net revenues in South and Southeast Asia. Therefore,
implementation of appropriate adaptation strategies will be crucial for
reducing the negative impacts of these climate scenarios on farmland
value, particularly with respect to temperature.

5. Conclusions

In this paper, we investigated the impact of climate change on
farmland value in Bangladesh using Ricardian modeling. The analysis
indicates that seasonal precipitation and temperature variability play a
role in the determination of farmland value. Floods will be responsible
for reducing land value, especially in lowland regions. Among the so-
cioeconomic variables, farm size, soil types, access of extension ser-
vices, and availability of irrigation facilities are positively associated
with farmland value. The marginal impacts result imply that farmland
value is elastic to climate change, although the rate of reduction is
shown to be minor and limited. The impacts of future climate change
projected by two AOGCMs scenarios reveal that climate change will
have a negative impact on land value depending on the climate model

and source of farm income.
Immediate action is required to increase the resilience of the

farming sector in Bangladesh based on the considerations of the current
and anticipated impacts of climate change. Thus, we suggest some key
policy recommendations based on the findings obtained in this study.
These recommendations include strengthening the research capacity to
support the development of flood- and drought-resistant varieties as
well as different farm management techniques according to the changes
in climate, promoting crop diversification programs, and enhancing
agricultural extension systems to disseminate up-to-date adaptation
technologies to farmers. These measures are necessary to mitigate the
risks to the farming sector in the context of climate change. Improving
land use management, providing subsidized irrigation and groundwater
access, strengthening enterprise diversification activities, diversifying
employment opportunities, and stimulating off-farm employment ac-
tivities will make Bangladesh more resilient to climate change. To
maintain farm productivity and farmland value, the results obtained in
this study may guide development practitioners and government policy
makers in the design of appropriate adaption strategies for Bangladesh.
Moreover, the adaptation policies should target different AEZs ac-
cording to the potentials and constraints in each zone rather than re-
commending uniform interventions. The present study suggests that our
current knowledge of the economic impact of climate change on
farmland value in Bangladesh is insufficient, thus further research and
in-depth analyses are required.

Acknowledgments

This work was financed by Fritz Thyssen Foundation,
Germany under the award number 40.18.0.009WW and National
Natural Science Foundation of China (Project Nos. 71673223 &
71473197). We are grateful to Professor Dr. Robert Mendelsohn, Yale
University, School of Forestry and Environmental studies, New Haven,
USA for his valuable comments on an earlier version of this manuscript.

Disclosure statement

The authors declare no conflicts of interest.

Author contribution

Mohammad Shakhawat Hossain conceived the idea, collected data
and wrote the initial draft together with Lu Qian. Muhmmad Arshad
and Harald Kächele contributed in data analysis, results interpretation,
editing and final write-up. Imran Khan and Md Din Il Islam contributed
in data management and M. Golam Mahboob made an input in the
literature search.

Appendix A

Characteristics the AEZs of Bangladesh selected for the present study.

AEZs no. AEZs name Climate classification Soil characteristics Physiography Selected districts

3 Tista Meander Floodplain Feebly arid Sandy loam, loamy, silt clay-loam Floodplains Kurigram
9 Old Brahmaputra Floodplain Semi-humid Silt loam to silt clay-loam Floodplains Mymensingh
11 High Ganges River Floodplain Feebly arid Silt loam, Silt clay-loam Floodplains Rajshahi
18 Young Meghna Estuarine Floodplain Semi-humid Silt loam Floodplains Barisal
19 Old Meghna Estuarine Floodplain Semi-humid Silt loam Floodplains Comilla
20 Eastern Surma-Kushiyara Floodplain Humid Heavy silt clay loam Floodplains Sylhet
29 Northern & Eastern Hills Humid Yellow brown to strong brown Tertiary hills Rangamati

Source: BARC (2005).
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Appendix B

Classification of land according to flooding depth and frequency.

Land Type Flooding depth Frequency

Highland Shallow 24.68%
Medium highland 0–90 cm 49.84%
Upper lowland 90–180 cm 16.43%
Medium Lowland 180–300 cm 7.67%
Lower lowland > 300 cm 1.38%

Source: BARC (2005).
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