Evidence from

Bangladesh

ABOUT THIS RESEARCH NOTE

The mitigation benefits of solar irrigation pumps (SIPs), when those SIPs replace diesel
pumps, are well understood. What is not equally known are the adaptation co-benefits
of SIPs. This brief evaluates the co-benefits of using SIPs instead of widely used diesel
pumps for farmers in Bangladesh. It estimates the impact of access to SIP on
household and crop levels outcomes for improving farmer livelihoods and food
security. In doing so, it explores the potential pathways of these impacts.

KEY STUDY FINDINGS

1. Access to solar irrigation has positive impacts on yields, value of outputs, and
added value for dry season irrigated boro paddy.

2. These effects, particularly that of higher yields of boro paddy, are explained by a
combination of three pathways:

* The first and strongest pathway is the release of constraints related to water
uses for SIP users with SIP irrigated plots receiving more water especially
before transplanting and in the late vegetative stage of crop growth.

* Second, SIP users benefit from lower costs of irrigation without any associated
increase in other input costs.

* The third pathway is a change in time allocation with SIP users spending less
time on irrigation..

BACKGROUND

In Bangladesh, groundwater irrigation supported by 1.34 million diesel pumps and
270,000 electric-run pumps is the backbone of the agricultural sector (GoB, 2019).
Despite recent progress towards electrification (Varshney et al. 2023), the permits
system for electricity connections and stringent institutional processes make access
to the electricity grid constrained for many farmers. Diesel pumps therefore
continues to provide access to groundwater but GHG emissions from the
agricultural sector in Bangladesh for 2014-15 are 76.79 million tons (Mt) carbon-
dioxide equivalent (CO2e) (Saptoka et al.,, 2021). In this context, solar irrigation is
emerging as one of the ways for mitigating emissions from agriculture, while also
providing other co-benefits..
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CONTEXT

In Bangladesh, since the early 1980s
progress toward food security have been

largely
system

supported by an agri-food

relying on the access to
groundwater irrigation and especially
diesel pumps (Mukheriji et al., 2021). Now,
solar irrigation pumps are promoted by
the government and donors to cut GHG
emissions while maintaining strategic
access to groundwater for food security
and ensuring sustainable use of the
groundwater resources.
The Infrastructure Development
(IDCOL), a

Government-owned financial company,

Company Limited
is the primary agency for financing and
implementing SIPs in Bangladesh. They
have installed nearly 1600 SIPs following
a ‘fee-for-service’ model consistent with
public-private partnership principles.
Partner organizations, referred to as
sponsors, buy the SIP and the related
equipment by taking grants and loans
from IDCOL. Approximately 50% of the
cost is received as a grant by the sponsor
and another 30% as a loan from IDCOL.
The remaining amount, referred to as
equity, has to be paid directly by the
sponsor. The sponsor then operates the
SIP and sells water to farmers in

exchange for a fee. This fee is used to

cover the operational costs (paid
operator and maintenance costs) and
mostly to recover the investment and to

pay back the loan to IDCOL.
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Figure 1- Solar Irrigation Pump (SIP)
Locations in Bangladesh




OBJECTIVES

This brief analyses the impact of

accessing solar irrigation pumps for
farmers in Bangladesh. Beyond the initial
objective of climate change mitigation,
what are the co-benefits of using SIP for
farmers? More specifically, what is the
impact of access to SIP on farm-level
(vields, profitability) and household-level
(food security and diversity, wealth index)
outcomes? What are the pathways at
play which explain these outcomes
and costs, time

(agricultural inputs

allocation, irrigation practices)?

DATA AND METHODS

The research questions are answered
based on the analysis of a household
survey conducted among 900
households from 60 villages in July and
August 2021. Out of the 60 villages, one
third are treated villages (group A) in
IDCOL

operational, one third are pipeline sites

which supported SIP are
(group B) where it was already confirmed
that IDCOL supported SIPs will become
operational in 2022, and one third are
control sites (group C) where SIPs are
not operational and there were no plans
Control

to implement them either.

(group C)
matching with the pipeline Vvillages

villages were selected by

(group B) on secondary and village level

data which included variables like access

to irrigation and informal water markets,

agricultural practices, and quality of
groundwater. Households in each village
were selected by a proportional random
sampling among SIP users (group A),
future SIP users (group B), and village
farmers (group C).

Matching and regression adjustment
methods are used to estimate the
(ATE) and

Treatment Effects on the Treated (ATT).

Average Treatment Effects

Robustness checks for placement bias
are addressed by considering inverse-
(IPW)

inverse-probability-

probability-weighted matching
method and
weighted regression-adjustment
(IPWRA) estimators at household and
plot levels. Conditional independence,
common support, balance and tests for
multiple hypothesis are also checked and

tested.

Fig 2 - Enumerators on their way to conduct
household surveys



STUDY FINDINGS

Starting with household-level Starting
with household-level co-benefits (Table
1), the analysis shows that access to SIP’s
impact on food insecurity is negative, as
expected, and significant for the ATE.
Further, there is no significant effect of
access to solar irrigation on food
consumption and diversity and on the

household wealth index.

The impact on the farm-level outcomes
are then considered for the two main
crops cultivated by the households in
this region: aman paddy cultivated
during the monsoon season and boro
paddy cultivated in winder during the
(Table 1). We find no

significant impact of access to SIP on

dry season

outcomes related to aman cultivation.

On the contrary, boro crops cultivated

on plots irrigated from SIP produce
significantly higher yields. The value of
the output and the revenue generated
per unit of land are also significantly
higher for SIP-irrigated

crops as

compared to similar diesel-irrigated

plots.

Still using regression analysis, we then

explore three pathways that may
explain the household and farm-level
impacts of access to SIP which are
previously identified (Figure 3). These
pathways build on the literature as well
as on qualitative evidence collected
among SIP users. The effects may first
be related to a change in the irrigation
practices (Pathway A) once farmers
irrigate from SIP instead of using their
own diesel pump or buying water from

the diesel pump owners.

Table 1 - Effect of SIP on household and farm-level outcomes

Household level outcomes Aman crop Boro crop
Revenue
H hold
ot:|se ° Food Value of (value of Value of Revenue
Food Dietary 5 . . y
. . 3 Insecurity Wealth Yield output per output- Yield output per  (profit-cost)
Consumption Diversity X
score (FCS) scale Experience Index (Kg/Acre) area cost) per (Kg/Acre) area per area
(HDDS) Scale (BDT/Acre) area (BDT/Acre) (BDT/Acre)
(BDT/Acre)
ATE 2.157 0.298 -0.168* -0.049 -8.98 -493.282 -64.043 92.283 2323.906 3362.722%*
0.124 0.235 0.067 0.575 0.891 0.76 0.97 0.292 0.257 0.086
ATT 1.245 0.309 -0.086 -0.176 -98.755 -1684.7 -1803.65 229.893**  5775.578** 6£500.244***
0.552 0.235 0.43 0.061 0.33 0.453 0.499 0.029 0.014 0.003
I N/d
ig':p € 243 243 243 243 255 255 255 210 210 210
Non SIP 600 600 600 600 441 441 441

Total 843 843 843 843

297
507

297

696 696 696 507

Note: Results are presented here are from nearest neighbour propensity score matching. P-values in italic. ** stands for 1 percent
of significance, ** for 5 per cent and * for 10 percent.

297
507



This pathway is confirmed since access
to SIP has a positive and significant
impact on the total number of
purchased irrigations provided to the
boro paddy crop (Table 2). With higher
flow rates, the average irrigation
duration from SIP is lower than those
provided by diesel pumps. However,
using the depth of water lying on the
plot at the end of the irrigation as a

proxy for the quantity of water applied,

access to SIP has a positive impact on
the quantity of water used throughout
the season and, more significantly
before transplanting and in the second
vegetative stage of the crop. This result
argues for carefully targeting the areas
where solar irrigation development can
be promoted in line with groundwater
resource recharge (Shamsudduha et
al,, 2022).

Table 2 - Pathway A - Change in irrigation practices and water allocation, winter season boro rice crop

Number of Number of Total Average Total Depth of Depth of Depth of Depth of Depth of
own purchased number of duration of  depth of water water water water water
irrigations irrigations irrigations one water applied applied applied applied applied
irrigation applied before vegetative  vegetative mid- late season
per area transplanti stage 1 stage 2 season stage
ng stage
ATE -8.696*** 9.272%** 0.576 -49.249%** 156.232 97.814* -85.042 154.374* 0.203 -7.501
0 0 0.544 0 0.502 0.078 0.13 0.079 0.996 0.81
ATT -9.348***  9.243*** -0.105 -58.755%** -4.099 17.191 -43.559 -51.39 41.112 30.1
0 0 0.815 0 0.98 0.472 0.395 0.387 0.466 0.371
Sample SIP
size 210 210 210 210 210 210 210 210 210 210
Non SIP 297 297 297 297 297 297 297 297 297 297
Total 507 507 507 507 507 507 507 507 507 507

Note: Results are presented here are from nearest neighbour propensity score matching. P-values in italic. ** stands for 1 per cent of
significance, ** for 5 per cent and * for 10 per cent.

Fig 3 - Pathways to co-benefit of SIP access
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Farm level outcomes

Household level outcomes

Pathway C - Time allocation



Fig 4 - Cost of irrigation for boro (BDT/Acre)

The second pathway relates to how the 9000
. . 8000
inputs are being allocated by farmers to 414
. 7000
their plots and to the costs of these
6000 5571 5547 5518
inputs (Pathway B). We find that while 000
the cost of irrigation is significantly 4,
lower for SIP users both for their aman 3000
and boro crops (Fig 4), this saved cost is 2000
not necessarily reinvested in other 9%
. . . 0
inputs (Table 3) and instead contributes Diesel Electric VDA Solar
to higher value added. private private pump
seller IDCOL
M Plot not in lowland M Plotin lowland Combined
Table 3 - Pathway B - Reallocation of inputs and costs
Aman crop Boro crop
Cost of Cost of Cost of Cost of Cost of Cost of Cost of Cost of
seeds per pesticide  fertilizer per weeding per seeds per pesticide  fertilizer per weeding per
area per area area area area per area area area
(BDT/Acre)  (BDT/Acre) (BDT/Acre) (BDT/Acre) (BDT/Acre)  (BDT/Acre)  (BDT/Acre) (BDT/Acre)
ATE 17.767 20.612  -131.004  22.168 172.143  -470.26  -453.885  -88.302
0.728 0.949 0.583 0.813 0.083 0.123 0.118 0.549
ATT 134.083* 232,571  230.017 72.712 21.864  -491.569  -296.874  153.065
0.054 0.744 0.622 0.518 0.779 0.014 0.296 0.423
Sample size  SIP 255 255 255 255 210 210 210 210
Non SIP 441 441 441 441 297 297 297 297
Total 696 696 696 696 507 507 507 507

Note: Results are presented here are from nearest neighbour propensity score matching. P-values in italic. ** stands

for 1 per cent of significance, ** for 5 per cent and * for 10 per cent.

Table 4 - Pathway C - Change in time allocation

Household level

Individual time spent on Individual time spent on

Individual time spent

Adoption of off-farm

irrigation (hour/day) farm (hour/day) off farm (hour/day) livelihoods

ATE -0.56** -0.098 -0.152 0.015
0.011 0.68 0.335 0.71

ATT -0.708%** -0.064 -0.121 -0.025

0.001 0.765 0.64 0.628
Sample size  SIP 243 243 243 243
Non SIP 600 600 600 600
Total 843 843 843 843

Note: Results are presented here are from nearest neighbour propensity score matching. P-values in italic. *** stands

for 1 per cent of significance, ** for 5 per cent and * for 10 per cent.



Finally, the third possible pathway is the
reallocation of time by the farmers and
their household members (Pathway C).
First, with the fee-for-service model, SIP
users spend less time on irrigation
during the peak time of the dry season.
Second, we don't identify any impact of
SIP access on time spent on off-farm
activities or the adoption of other

income-generating  activities  which

would have positively impacted the

wealth of the household for example.

CONCLUSION AND
RECOMMENDATION

The empirical results from this analysis
suggest that beyond its effect on
climate change mitigation, access to
solar irrigation has co-benefits at the
household and farm level for farmers in
Bangladesh. At the household level,
access to SIP tends to reduce food
insecurity. At the farm level, access to
SIP increases the yield, the value of
output and the value added for boro
paddy, the main income-generating and
water-intensive crop grown in the
region. These effects derive from three
pathways that have been tested:
changes in irrigation practices, changes
in time allocation, and changes in input
uses and costs. Out of the three and in
the relatively short time since the

adoption of solar irrigation for the

beneficiaries, the change in irrigation
practices seems to be the stronger
pathway to explain higher yields of boro
paddy for SIP users.

In the Bangladeshi context, where the
development of solar irrigation remains
costly and relatively slow and while the
benefits from omitted emissions are
under-valued (Rennert et al., 2022), these
results argue for a more accurate and
comprehensive measurement of the
benefits associated with solar irrigation.
It also positions solar irrigation as one of
the only mitigation strategies without
trade-off and instead with co-benefits
to climate

for farmers’ adaptation

change and shocks.
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