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Abstract: Bangladesh’s coastal salt industry depends largely on solar evaporation and
is therefore sensitive to rainfall, temperature, sunshine duration and other weather
conditions. This study examines national salt production and demand trends, explores
associations between salt output and selected meteorological variables, and identifies
production constraints reported by salt farmers. Annual secondary data for 20002024
were obtained from the Bangladesh Small and Cottage Industries Corporation
(BSCIC) and the Bangladesh Meteorological Department (BMD). In addition,
primary information was collected from 22 salt producers in Cox’s Bazar Sadar
Upazila, supported by one focus group discussion and two key-informant interviews.
Linear, exponential, quadratic and cubic trend models were compared using forecast-
error and information criteria. The cubic specification was selected in the source
analysis for both production and demand. The reported 2030—2031-point forecasts
were 45.13 for production and 44.75 for demand; however, the original table’s unit
designation requires confirmation before these values can be interpreted. In the
climate analysis, salt production was positively correlated with maximum temperature
(r = 0.54) and negatively correlated with rainfall (r = —0.41) and sunshine hours (r =
—0.69). A dynamic regression specification including lagged production, rainfall,
sunshine hours, and maximum temperature explained 83% of the observed variation
(adjusted R?=0.79). The farmer survey indicated that 51% of respondents used leased
or Khas land, 50% were illiterate, and 59% reported a lack of salt-production training.
These findings suggest that weather variability interacts with production practices and
structural constraints. The results should be interpreted cautiously because the farm-
level sample is small, the national time series is short, and the reported sunshine-hour
association requires further investigation. Strengthening climate information, training,
access to suitable land and storage, and market support could improve the resilience
of Bangladesh’s salt sector.

Keywords: Salt farmers; Sea-salt production; Climate change; Climate variability;
Rainfall variation; Sunshine duration; Temperature; Time-series analysis

INTRODUCTION

Salt is an essential mineral used in food processing,
preservation, animal husbandry and a wide range of
industrial applications (Albarracin et al., 2011; Hutton,
2002). In Bangladesh, crude sea salt is produced
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predominantly along the southeastern coast, particularly in
Cox’s Bazar and adjoining coastal areas (Ismail et al., 2025).
The conventional production system relies heavily on solar
evaporation: seawater or brine is introduced into shallow
saltpans, concentrated through evaporation and then
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harvested as salt. Production is consequently seasonal and
dependent on the availability of suitable dry weather
(Hutton, 2002). Earlier work on Bangladesh’s salt-producing
coast has described the economic and environmental
dimensions of this production system and the importance of
land-use suitability and coastal resource management
(Hossain et al., 2003; 2006). Meanwhile, salt farmers are
losing interest in producing salt because mill owners have
lowered the price of salt through syndication during the peak
season. This study will try to find the impact of climatic
change on salt production and generate policy options that
can be implemented to overcome these challenges.

Bangladesh is one of the salt-producing countries in the
world. In 2019, the country was ranked 24™ compared with
other countries in salt production at 1625.25 thousand metric
tons. Additionally, it is produced commercially in about 120
nations worldwide and is available in every nation. This
industry employs roughly 5 million people directly or
indirectly. Additionally, these 5 million people are largely
responsible for the socioeconomic lifestyle of around 25
million others. The annual contribution of this industry to the
national economy is around Bangladeshi Taka (Tk.) 300 to
Tk. 350 crores, or Tk. 1200 to Tk. 1500 crores that will be
processed. Thus, there is no need to exaggerate the
significance of the production of crude salt or the salt
producers. Farmers are using improper methods for growing
crude salt, which deviates greatly from the concepts of
fractional separation of the soluble chemicals in the sea brine
and gradual natural evaporation (Al Mamun et al., 2014).

The meteorological conditions that support solar salt
production can also create substantial operational risk.
Rainfall can dilute brine, interrupt crystallisation and wash
away harvested salt, whereas temperature, humidity and
solar exposure influence evaporation. The timing and
persistence of dry-season conditions are therefore important
to production planning. Evidence from salt-producing
regions elsewhere has similarly linked seasonal and climatic
variability to salt productivity (Bhat et al., 2015; Halil, 2019;
Mani et al., 2012). In Bangladesh, these climatic pressures
occur alongside coastal hazards such as cyclonic storms,
tidal inundation, salinity intrusions and sea-level rise, which
can affect saltpans, access routes, storage facilities and
farmers’ livelihoods (Rahman & Rahman, 2015; Sarwar &
Khan, 2007; Rani et al., 2026; Shamsuzzoha et al., 2026a).

Climate-related exposure is not the only determinant of
production. Many salt producers operate on leased land and
use labor-intensive methods, while access to training,
technology, credit, storage and reliable markets may be
limited. Price instability and competition from imported salt
can further weaken incentives to invest in production
improvements. A useful assessment of the sector therefore
needs to consider national production and demand alongside
meteorological associations and the experiences of
producers. This study addresses three linked questions: (1)
how have national salt production and demand changed over
20002024, and what do trend models indicate about their
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near-term trajectories? (2) How are annual salt production
levels associated with rainfall, temperature, humidity and
sunshine duration? (3) What production constraints are
reported by salt producers in Cox’s Bazar Sadar Upazila? By
combining national secondary data with a small local
producer survey and stakeholder discussions, the study
provides an integrated, exploratory assessment of the
potential and vulnerabilities of Bangladesh’s salt industry.

METHODOLOGY

Study design and data sources

The study used a mixed-source design comprising (i)
annual national secondary data on salt production and
demand for 2000-2024, (ii) meteorological data for the
climate—production analysis, and (iii) primary field
information from salt producers and sector stakeholders.
National production and demand data were obtained from
BSCIC and related organisations, while meteorological
observations were sourced from BMD. The source thesis
does not provide a complete station list, variable-specific
data definitions, missing-data treatment or a reproducible
data extraction protocol. These details should be added from
the original data files before journal submission.

Field survey and qualitative information

The field component focused on Cox’s Bazar Sadar
Upazila, selected because salt producers are concentrated in
the area and the location is relevant to the coastal salt
industry (Figure 1). Primary data were collected from 22
respondents directly involved in salt production. The source
describes the sampling approach as random sampling but
does not report the sampling frame, selection procedure,
survey dates or response rate. One focus group discussion
(FGD) with salt producers and two key-informant interviews
(KIIs) with sector stakeholders were also conducted to obtain
contextual information about production practices, market
conditions and institutional constraints (Hossain et al.,
2026). These qualitative inputs informed the SWOT
assessment (Shamsuzzoha et al., 2026b).

(A) Cox’s Bazar District, Bangladesh (B) Cultivated Area and Production
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Figure 1. Salt production status of Cox’s Bazar District

Trend and forecasting analysis
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Annual production and demand series were examined
descriptively and modelled using linear, exponential,
quadratic and cubic deterministic trend specifications.
Model performance was compared using mean absolute
deviation (MAD), mean squared deviation (MSD), mean
squared error (MSE), root mean square error (RMSE), mean
absolute percentage error (MAPE), adjusted coefficient of
determination and Akaike information criterion (AIC).
Lower forecast-error and AIC values, together with higher
adjusted R2, were treated as evidence of comparatively better
fit. The selected cubic trend models were then used to
generate forecasts for 2024-2025 to 2030-2031. The source
does not report out-of-sample validation or the exact
forecast-origin procedure; therefore, the forecasts are treated
as extrapolations rather than validated predictions.

Climate—production analysis

Pearson correlation coefficients were used to describe
pairwise associations between salt production and time,
rainfall, humidity, sunshine hours, minimum temperature
and maximum temperature. Variance inflation factors (VIFs)
were calculated to assess collinearity among predictors. A
sequence of dynamic regression specifications was
estimated, progressively introducing lagged salt production
and meteorological variables. The preferred reported
specification (Model 4) was:

+=—41.37+0.28Y 1 — 0.016R; — 3.18S; + 2.71 Trnaxot + &

where Y. is salt production in year t, Y is production in
the preceding year, R is rainfall, S; is sunshine duration,
Tmax,t 1S maximum temperature, and & is the error term. The
source reports standard errors of 0.15, 0.004, 0.98 and 0.91
for the lagged production, rainfall, sunshine and maximum-
temperature  coefficients, respectively. Because the
underlying units and temporal aggregation of each climate
variable are not fully documented, coefficient magnitudes
should not be compared across predictors or interpreted as
causal effects.

Analysis of producer constraints and ethics

Survey responses were summarised using descriptive
statistics and percentages. FGD and KII information was
used to identify strengths, weaknesses, opportunities and
threats (SWOT) relevant to salt production. The source
thesis states that participants provided informed consent and
that their information was kept confidential. No institutional
ethics committee name, approval number or exemption
statement is provided; the authors should insert the
applicable ethics approval details or confirm the relevant
institutional requirements.

RESULTS

National production and demand trends

The 2000-2024 national series indicated an overall
increase in both salt production and demand. The source
analysis describes production as generally exceeding
demand, although the size of the gap and annual fluctuations
varied. Production showed greater variability than demand,
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while both series increased in the most recent period
covered. The cubic trend model was selected in the source
analysis for both series. For production, the reported cubic-
model statistics were MAD = 1.864, MSD = 4.466, MSE =
5.359, RMSE =2.315, MAPE = 14.275, adjusted R*?=0.716
and AIC = 114.025. For demand, the corresponding values
were MAD = 0.618, MSD = 0.718, MSE = 0.861, RMSE =
0.928, MAPE =4.235, adjusted R2=0.962 and AIC = 70.145
(Table 1).

The cubic forecasts increased across the forecast horizon.
The reported point forecasts for 2030-2031 were 44.75
million tons for demand and 45.13 million tons (MT) for
production (Table 2).

Table 1. National production and demand trends.

Series Production Demand
(cubic) (cubic)
MAD 1.864 0.618
MSD 4466 0.718
MSE 5.359 0.861
RMSE 2.315 0.928
MAPE (%) 14.275 4.235
Adjusted R* 0.716 0.962
AIC 114.025 70.145

Table 2. National demand and production forecast.

Financial year Demand Production
forecast forecast
2024-2025 27.56 25.16
2025-2026 29.76 27.58
2026-2027 32.21 30.33
2027-2028 34.92 33.44
2028-2029 37.90 36.93
2029-2030 41.17 40.82
20302031 44.75 45.13

The source thesis contains inconsistent annual growth-
rate summaries: the abstract reports 31.23% for demand and
33.38% for production, whereas the growth-rate table reports
geometric means of 31.43% and 27.11%, respectively. These
figures have not been used as headline findings in this article
and require recalculation from the original annual series.

Associations between salt production and meteorological
variables

Salt production was positively correlated with time (r =
0.83, p < 0.01) and maximum temperature (r = 0.54, p <
0.01). Negative correlations were reported for rainfall (r =
—0.41, p < 0.05) and sunshine hours (r = —0.69, p < 0.01).
The correlation with humidity was weak (r =—0.07), and that
with minimum temperature was also weak (r = 0.25) (Table
3). The negative sunshine-hour association is counter to the
expected evaporation mechanism and to some of the
literature cited in the thesis. It may reflect confounding by
time, seasonal structure, measurement definitions or data
issues; it should not be interpreted as evidence that
increasing sunshine reduces salt production without further
diagnostics.
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The VIF values for rainfall (1.104), humidity (1.086),
sunshine hours (1.101) and maximum temperature (1.104)
were low, with a mean VIF of 1.098. This suggests that
severe linear multicollinearity was not evident among the
included predictors under the reported diagnostic. In the
preferred dynamic regression Model 4, rainfall had a
negative coefficient (—0.016, SE = 0.004), sunshine hours
had a negative coefficient (—3.18, SE = 0.98), and maximum
temperature had a positive coefficient (2.71, SE =0.91). The
model had R? = 0.83, adjusted R*> =0.79 and AIC = 102.79.
The lagged production coefficient was 0.28 (SE = 0.15).

Table 3. Correlation with production of climatic variables.
Correlation with  Reported sig-

Variable . .

production nificance
Time 0.83 p <0.01
Humidity —-0.07 Not significant
Rainfall -0.41 p <0.05
Sunshine
hours 0.69 p <0.01
Minimum 0.25 Not significant
temperature
Maximum
temperature 0.54 p=<001

Characteristics and constraints
producers

The field survey comprised 22 salt producers in Cox’s
Bazar Sadar Upazila. Respondents’ mean age was 39.64
years (SD = 10.68), and mean household size was 7.32 (SD
= 1.94). The reported mean annual input cost was BDT
493,909.09 (SD = 724,497.19), while the mean annual salt-
output price/revenue measure was BDT 548,363.64 (SD =
866,136.66). The source labels the latter as “salt output price
in a year”; it should be clarified whether it represents gross
sales, total revenue or a price measure.

reported by salt

Land tenure, education and training emerged as
important structural issues in the survey. Weather-related
constraints included excessive or sudden rainfall and
untimely tides, while lack of technology and volatile market
prices were also reported. The percentages are descriptive of
this small local sample and should not be generalised to all
salt producers in Bangladesh (Table 4).

Table 4. Reported constraints/characteristics in relation to

climate change issues.
Reported con-
straints/characteristics
Cultivable land leased or

Respondents (%)

Khas >
Illiterate 50
Lack of salt-production 59
training

Less than five years of 36
production experience

Excessive rainfall 20
Lack of technology 20
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Volatile salt-market price 10
Sudden rainfall 5
Untimely tides 5

SWOT synthesis

The SWOT assessment identified the availability of
seawater and coastal salt-producing locations, growing
domestic demand, employment and livelihood benefits, and
accumulated farmer experience as strengths (Shamsuzzoha
et al,, 2026b) (Figure 2). Weaknesses included limited
farmer capital and land ownership, weak producer
organisation and market management, inadequate
technology, low formal education, and insufficient storage
and processing facilities. Opportunities included market
expansion, employment creation and adoption of improved
or renewable-energy-based production technologies. Threats
included climate variability, sea-level rise, unpredictable
rainfall and tides, uncertain farm-gate prices, inadequate
research investment and potential degradation of seawater
quality and productive land.

SWOT Analysis: Potentiality of Salt Production in Bangladesh

® Availability of seawater and coastal ® Limited farmer capital and land ownership
salt-producing locations ® Weak producer organisation and market
management

o Growing domestic demand :
R @ Inadequate production technology
e Employment and livelihood benefits o low formal edication

® Accumulated farmer experience | @ Insufficient storage and processing facilities
)

Weaknesses

|

e Market expansion

® Employment creation

e Adoption of improved production
technologies

e Use of renewable-energy-based
technologies

Climate variability and unpredictable rainfall
Sea-level rise and untimely tides
Uncertain farm-gate prices

Inadequate research investment

Degradation of seawater quality and
productive land

e e 0 0@

\

Figure 2. SWOT analysis of the study.

DISCUSSION

The upward national production and demand trajectories
indicate that salt remains an economically relevant coastal
industry with potential for further development. The cubic
model provided the best comparative fit among the four trend
forms considered in the source analysis. However, models fit
to a historical series do not establish forecast reliability. A
cubic polynomial can extrapolate rapidly outside the
observed period, and the source does not report a holdout
validation period, prediction-interval coverage assessment or
comparison with established time-series models. The
forecasts should therefore be regarded as exploratory
planning scenarios rather than definitive estimates of future
national supply and demand.

The negative association between rainfall and salt
production is physically plausible for solar salt production.
Rainfall can dilute brine, delay crystallisation and damage
exposed salt stocks. The positive association with maximum
temperature is also consistent with the role of heat in
evaporation. These results align with previous work
describing the dependence of coastal salt production on dry-
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season conditions and meteorological variability (Bhat et al.,
2015; Hossain et al., 2006; Vyas et al., 2022). Nevertheless,
the current analysis is based on annual data and cannot
resolve the timing of rainfall events within the production
season. Seasonal rainfall during active salt harvesting may
have a substantially different effect from annual rainfall
totals. Future work should therefore use monthly or daily
weather observations aligned with the local salt-production
calendar. The negative sunshine-hour correlation and
regression coefficient require caution. Solar radiation and
sunshine generally support evaporation, and previous
research cited in the thesis reports a positive association
between sunshine duration and evaporation. The negative
association in this dataset may arise because sunshine hours
decline over time while production rises, as suggested by the
strong negative correlation between time and sunshine hours
(r = —0.81). This pattern creates a risk of confounding and
potentially unstable coefficients in a short annual series.

The apparent negative coefficient should be re-examined
using time controls, seasonal measures, station-level data,
residual diagnostics and alternative model specifications. It
should not be presented as a causal climate-change effect.
The farmer survey adds a local perspective to the national
time-series analysis. More than half of respondents reported
using leased or khas land, and 59% reported a lack of salt-
production training. Such constraints can reduce incentives
to invest in improved saltpans, protective covers, storage and
efficient brine management. The reported weather and
market constraints also show that climate exposure is
mediated by infrastructure and institutional capacity. This
interpretation is consistent with earlier studies that identify
both environmental and economic dimensions of
Bangladesh’s sea-salt industry (Hossain et al., 2006).

Several practical priorities follow. First, producers need
accessible seasonal weather forecasts and early warnings
that are relevant to the salt-production calendar,
accompanied by practical guidance on protecting brine and
harvested salt during rainfall and tidal events. Second,
training and extension support should address improved
saltpan preparation, brine management, harvesting, quality
control and safe storage. Third, access to suitable land,
affordable credit and shared storage or processing facilities
could reduce production risk for small-scale operators.
Finally, transparent market information, stronger producer
organisations and appropriate policy mechanisms could
improve farmers’ bargaining position and reduce the effects
of price volatility. These measures should be evaluated for
financial feasibility and environmental sustainability before
large-scale implementation, based on  policy
recommendations to achieve a sustainable salt sector in
Bangladesh (Figure 3).
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Policy Recommendations

Salt Production in Bangladesh: Impact of Climate Change Issues
" Improve Farmer Support
‘/" N 271
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/ ¢ Offer training on climate-smart
Salt Sector in

salt production techniques.
Bangladesh

Strengthen Climate Resilience

@ Develop climute resilient saht production \
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credit and modem tools.

"8 Enhance Production
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@& Adopt improved production
technologies and storage facilities.

@ Strengthen market linkage and
fair pricing mechanisms.

@ Manage environmental impacts
of salt production.

@ Promote sustainable and
eco-friendly practices.

:

Strengthen Policy and Institutional Framework

@& Formulate supportive policies for the salt sector.

@& Coordinate actions among government agencies,
research institutions and development partners.

Figure 3. Policy recommendations

Limitations and future research

This study has several limitations. The primary survey
included only 22 producers from one upazila; its findings are
therefore exploratory and cannot represent the diversity of
salt-producing areas across Bangladesh. The sampling frame
and fieldwork dates are not fully documented in the source
material. The national time series covers 25 annual
observations, which limits the complexity of reliable time-
series modelling. The source also provides incomplete
information about meteorological station coverage, temporal
aggregation, missing values, variable units and data
harmonisation. Inconsistencies in the reported growth rates
and forecast units require resolution from the original
datasets. In addition, climate analysis identifies statistical
associations rather than causal effects of climate change. No
explicit attribution framework for climate change is
presented.

Future research should expand the producer survey
across multiple salt-producing upazilas and include a
transparent  sampling design. Monthly or daily
meteorological data should be matched to production-season
observations, with explicit measures of rainfall intensity,
dry-spell duration, humidity, solar radiation and tidal or
storm impacts. Longer and more complete production
records would support robust time-series methods, out-of-
sample validation and uncertainty analysis. Farm-level panel
data could help distinguish climate effects from changes in
cultivated areas, technology, labour, input costs and market
prices. Linking production records to independent farm-level
data would also help evaluate the effectiveness of adaptation
measures (Figure 4).
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Future Research Directions
Climate Impact
L Assessment

Potentiality
of Salt Production
in Bangladesh

(Impact of Climate
Change Issues)

b3 Long-Term
Monitoring

Figure 4. Future research directions

‘: Sustainable
Solutions

CONCLUSIONS

This study brings together national salt production and
demand trends, meteorological associations and local
producer constraints to assess the potential and
vulnerabilities of Bangladesh’s salt industry. The 2000-2024
data show increasing production and demand, and the cubic
trend specification was selected as the best-fitting model
among those compared. Rainfall was negatively associated
with production, while maximum temperature was positively
associated. Sunshine hours also showed a negative statistical
association, but this unexpected result requires further
investigation and should not be interpreted causally. The
small survey in Cox’s Bazar Sadar highlighted insecure or
leased land access, limited training, low formal education,
technology constraints, weather disruption and market
instability. The sector’s potential will depend not only on
favourable dry-season conditions but also on improvements
in farmer training, technology, storage, finance, land access
and market institutions. More spatially extensive and
seasonally resolved research is needed to quantify climate
risks and evaluate adaptation options.
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