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ARTICLE INFO ABSTRACT
Keywords: Phone-based short message applications (also called SMS in common parlance) as a medium of
Agri-met advisories sending agricultural information to farmers is considered important in the context of a developing

Phone-based short message applications

> ; country as it makes information accessible to a large number of farmers economically. However,
Farmers’ response to climate risk

the empirical evidence on the effect of agricultural information sent through SMS on varied farm
outcomes is divided. Using a randomized control trial study design, the present study focuses on a
particular agricultural information viz. agri-met advisories, and a particular channel of dissemi-
nation viz. SMS to understand the role of information and the medium of information in
compliance with recommended information and improvement in farm outcomes. This paper asks
two main questions: i) does provision of agri-met advisory via SMS lead to greater compliance
with advisory recommendations by the farmers? and ii) Do farm outcomes such as yield differ for
those who received the agri-met advisory via SMS?

The study is based on six districts in Haryana divided across three agro-climatic zones focusing
on the wheat crop. The results showed positive and significant impact of SMS agri-met advisories
on the farmers’ compliance with advisory for the treatment group—particularly when the advi-
sory was about agricultural cycles and processes with which they are familiar. However, for
weather-related advisory, the results did not show a significant impact of SMS-based agri-met
advice on the farmers’ compliance, which was unexpected. The likely reasons for such a finding
could be many—including unfamiliarity of the farmers with acting on weather advice, which
suggests that future research is needed on factors affecting the uptake of SMS-based agri-met
advice by farmers in developing country context.

1. Introduction

Climate variability is a significant source of fluctuations in crop yields and income streams for the agriculture-dependent rural
households in India (Khan et al., 2009). About 80 per cent of rural agricultural households in India are subsistence (small and mar-
ginal) farmers (Dev, 2017). Weather shocks can have a severe impact on their income and exacerbate endemic poverty. Information
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about weather and climate is a vital input for efficient agricultural production (Stigter, 2011; Donovan, 2017; Cole and Fernando,
2016; Wood et al., 2014). Historically, the farmers mainly relied on the traditional knowledge passed down over generations to carry
out various farm operations in tandem with the moderations in weather and climate (Roncoli et al., 2002; Zuma-Netshiukhwi et al.,
2013). The knowledge and information from extension service was not imperative to beget expected yield from the nature. However,
this scenario has changed with the rise of input-intensive modern agriculture, a decline in the use of traditional knowledge, and
increasing variation in the weather and climatic conditions, limiting farmers’ ability to respond to these changes with only traditional
knowledge (Salite, 2019).

While there has been impressive technological development in generation and dissemination of weather and agrometeorological
information, the challenge, however, lies in making information accessible to all the farmers, as small farmers still have limited access
to information (FAO, 2019). In fact, farmers in general are still more reliant on their personal competence, experience and interaction
with other farmers in the community (Nesheim et al., 2017). The agricultural extension system has limited reach even after decades of
having been set up (Bachhav, 2012; Raghuprasad et al., 2016; Feder et al., 2010) and this calls for newer and more innovative methods
which are also inclusive of wider dissemination of information.

Given the high penetration of mobile phones, the question that is of importance in the Indian and other developing countries
context, where literacy levels are relatively low, is whether receiving information through SMS improves the decision-making of the
farmers. The cost effectiveness of SMS, and its wider outreach theoretically, make it a more economically feasible mode of information
dissemination rather than looking for a sophisticated and advanced technology which might be contextually impractical to use
(Shiang-Yen et al., 2012). The evidence on this is contradictory in literature. Some studies did find that SMS advisories led to better
farmer-level outcomes (Casaburi et al., 2014) and others find no impact of agriculture-related SMS on farmer-level outcomes
(Camacho & Conover, 2010; Fafchamps & Minten, 2012).

The present study aims to shed further light on this by providing empirical evidence on the question whether weather and climate
information sent to farmers through SMS makes a difference in their decision-making and farm-level outcomes. The particular SMS
information that we studied are the agri-met advisories' sent by the India Meteorological Department (IMD) to the farmers via mass
media (radio, print and TV), the internet, through extension service personnel, and through SMS on the farmers’ mobile phones. The
Agri-Met Field Unit (AMFU) located at Haryana Agricultural University, Hisar, has been putting together a database of farmers’ mobile
numbers in Haryana for disseminating SMS advisories, and claim to have a database of 150,000 farmers out of a total of about 1.1
million farmers in the state (personal communication with CCS Haryana Agricultural University). Advisories sent through SMS are
expected to lead to a greater uptake. Therefore, the key research questions addressed by this study are:

Does provision of agri-met advisory via SMS lead to greater compliance with advisory recommendations by the farmers?
Does yield differ for those who received the agri-met advisory via SMS?

2. Background

There are multiple traditional as well as modern channels of information through which the farmers may obtain relevant infor-
mation for their agriculture-related concerns, including climate information; however, efficacy of these channels vary. Extension
services, for instance, are resource intensive (Aker, 2011), and have limited outreach, particularly for small and marginal farmers
located in remote places. Extension workers appointed for extending agriculture services have shown to be biased in favour of pro-
gressive farmers, possibly because it is easier to reach them (Melkote, 1988). Sometimes, they have been seen to exhibit caste- or
gender-based discrimination or exhibit, and often do not have resources for reaching large number of farmers (Bindlish and Evenson,
1997; Babu et al., 2012). Information from local input dealers may have legitimacy issues as the dealers may be providing information
that serves vendors’ interests over the farmers’ (Aga, 2018). Yet many farmers—particularly small farmers—are still dependent on
information provided by input vendors and progressive farmers (Birthal et al., 2015; Mittal, 2012).

The increasing penetration of mobile networks and phones, and steady evolution of the use of Information and Communications
Technology (ICT) in extension services such as use of tele-centres, the internet, TV, radio broadcast, voice SMS, text SMS, videos and
mobile applications are expected to play a promising role in making information widely available to farmers (Mittal, 2012). However,
even these channels have their own peculiarities. Television and radio, which are traditional ICT channels, may have broader
penetration but the broadcasting schedules of agricultural information may still restrict access to relevant information to the farmers
(Benard et al., 2019). Smartphones may bring innovative ways of making specific information available to the farmers but the pre-
requisites—such as skills to operate and navigate smartphones and economic means to attain a working internet connection—may still
exclude many resource-poor farmers from accessing information (Birthal et al., 2015). The more complex and comprehensive the
information gets, the less likely it is that farmers will comprehend and follow the information (Shiang-Yen et al., 2012)—particularly in
the context of developing countries like India, where a large proportion of farmers have low levels of formal education. The high
penetration of mobile phones and the cost-effectiveness of SMS as a medium of information dissemination (Camacho & Conover, 2019)
provide the flexibility to send information in different languages, offering a promising avenue to make information available to a large

! In June 2008, the India Meteorological Department, in collaboration with 130 Agri-Met Field Units, started providing agri-met advisories at the
district level. The content of the advisories usually consists of concrete recommendations, for example, if it is going to rain in the next few days, then
it would be good for the farmer to postpone the irrigation of his farmland. Thus, if the farmer would adhere to this recommendation, he may save
irrigation costs and avoid potential damage that may arise if he irrigated while it is raining.
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majority (Camacho & Conover, 2019; Shiang-Yen et al., 2012).
3. Empirical studies on provision of agriculture advice through SMS

Studies examining the role of information disseminated through SMS in improving farm outcomes broadly focus on two types of
information: one is market- and price-related information, and the other is climate and weather information.

Studies that assessed the impact of provisioning of market and price information have broadly reported no significant impact on
farm outcomes. Fafchamps & Minten (2012) studied 100 villages of Maharashtra through Randomized Control Trial (RCT) study
design, wherein treated farmers got a one-year free subscription to private message service of Reuters Market Limited (RML). They
found that even in the presence of market price fluctuations, provisioning of price information yielded no significant impact on net
price, revenues and value added for the treated farmers compared to the control group farmers. Similarly, Camacho and Conover
(2010) studied Colombian farmers and recorded no significant impact of SMS information related to crop prices on farm income or
household expenditure of Colombian farmers. This finding was also consistent with their later study on the same sample of farmers
(Camacho & Conover, 2019).

In case of weather and crop advisory information through SMS, we see contrasting findings. While Fafchamps & Minten (2012)
found no systematic effect of SMS crop and weather advisories on farmers’ behaviour and cultivation practices, Camacho and Conover
(2010) found that weather information did contribute in reduction in crop losses in general, and also due to weather shocks. A later
study by Camacho and Conover (2019), however, reported no significant reduction in crop losses attributed to the weather infor-
mation. Casaburi et al. (2014) conducted a randomized evaluation study on Kenyan farmers to understand the impact of following
proper timing of agricultural activities on productivity measured in terms of plot yield. Through the SMS, agricultural advice was
provided to farmers about appropriate timing to perform agricultural tasks that need to be carried out. The study was conducted in two
rounds; first in 2011-13, and second round in 2012-14, on two different samples. The authors found 8 per cent increment in the plot
yield for treated farmers vis-a-vis control group farmers for the first round of intervention. However, they did not see significant
increase in plot yield for the second round of intervention.

The contradictions in the findings of the above studies have several contextual explanations. Casaburi et al. (2014) reported that the
impact of information was different for different set of farmers from the same region. This difference in the impact of information is not
well understood, and is likely to be associated with the heterogeneity of the sample groups in these two rounds of intervention in terms
of baseline yields, crop cycle, the harvest season and other farmer characteristics. In the study by Camacho and Conover (2010),
Camacho and Conover (2019), the SMSs sent to the farmers provided information for three markets and eight typical crops grown in
the region, and it could be possible that a farmer included in the study sample might not have grown those crops at all to derive any
benefits. Similarly, the findings of Ali and Kumar (2011), though not based on SMS information but on broader set of ICT tools viz.
ITC’s e-Choupals, support that heterogeneity of different contexts can affect the impact of information and ICTs on desirable outcomes.
Although they did find the impact of ITC’s e-Choupal initiative on farm outcomes (better decision-making with respect to various
agricultural practices), these results did not hold for the e-Choupal-user farmers who belonged to socially lower classes. This indicates
that besides climatic factors, there are other factors—such as the socio-demographic characteristics of the users of information, level of
income and size of landholding—that influence the farmers’ decision-making ability. These factors were also suggested in Fafchamps
and Minten (2012).

Another explanation for contradictory findings may lie in the way the farm outcome or the dependent variable(s) was concep-
tualized to assess the effect of information/SMS advisory in different studies. For instance, Camacho and Conover (2010), Camacho
and Conover (2019) studied the effect of market information on farm income and household expenditure. These two farm outcome
variables are not conspicuous, and the farmers in the developing world may purposefully underreport or not reveal the exact values
because of economic and psychological reasons. For example, the farmers may exhibit such behaviour under the perception that this
may help them benefit from schemes for the poor farmers. The outcome variables in the studies also include the crop losses avoided
when weather information was provided to the farmers. Again, a farmer may simply be unable to actually measure the amount of losses
that he/she incurred vis-a-vis in the past. Thus, these results need to be looked at very cautiously while reaching any conclusions.

4. Empirical studies on agri-met advisories (of India Meteorological Department) through SMS

Agri-met advisories are district-level (or in some cases sub-district) and crop-specific farm management information based on
weather for various agricultural operations such as sowing, irrigation scheduling, fertilizers, weedicide and pesticide application, and
harvesting (FAO, 2019). In the Indian context, generally, these advisories are issued weekly, and sometimes more frequently,
providing updated weather information as per the local weather forecast and salient guidelines to orchestrate farming operations.
Provisioning of information on various meteorological and weather parameters is recommended for farmers at every stage of crop
production (Molua, 2002; Meera et al., 2004; Frisvold and Murugesan, 2013; Balaji and Craufurd, 2011) as weather forecast
customized to the needs of the farmers and delivered timely as crop and location-specific agri-met advisories allow farmers to optimize
the timings and decisions related to different agricultural operations such as sowing, irrigation, spraying, etc. and it would help farmers
mitigate risks due to strong winds, frosts, droughts, pest attacks, etc., and hence improve their productivity (Donovan, 2017). It would
also allow the farmers to exploit input-optimizing opportunities such as scheduling irrigation, and spraying of weedicides and pes-
ticides efficiently around rain while avoiding windy days (George et al., 2011; Das, 2012).

Molua (2002) and Deressa et al. (2009) argue that the extension of agri-meteorological forecasts and advisories through SMS may
reduce the information search costs to farmers. Maini and Rathore (2011), Jagadeesha et al., (2010), Vashisth et al. (2013), Saxena
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et al., (2015) found that use of agri-met advisory services (AAS) led to improved crop management by the farmers, and resulted in
reduced input cost and increased yield and net profits compared to non-AAS farmers. However, most of these studies examine cor-
relations between provision of agri-met advice and change in farm outcomes. We attempt to establish a causal relationship between the
two by conducting an experiment using the methodology of RCTs. We primarily focus on a particular type of information and a
particular medium of information dissemination, i.e. impact of agri-met advisory sent through SMS on the farmers’ scheduling of
agricultural operations.

5. Methods

In this section we present the study area, study design, sampling techniques, variables of interest and methods of data analysis.

5.1. Study area

The current study was conducted in the state of Haryana, which is situated in the north-western Trans-Gangetic plain region of
India (see Fig. 1). Haryana has a total of 21 districts, out of which six districts were chosen (see Fig. 1) such that these districts represent
the three agro-climatic zones and soil conditions of the state’. In Ambala and Panchkula districts, the average annual rainfall is 890 mm
and the soil type is mainly calcareous in the region. Palwal and Mewat mainly have semi-arid to dry sub-humid climate, and the
average annual rainfall is 561 mm and the soil type is alluvial. Jind and Hisar are from scare rainfall region, and have arid and extreme
arid climate, with the annual rainfall at only 360 mm and the soil types being calcareous, sierozemic, alluvial and desert.

With the beginning of green revolution in mid 1960s, the production of wheat along with rice have been the keystone of India’s
agriculture and food security policies. Haryana is a major wheat-growing state, with 13.3 per cent share in the national wheat pro-
duction and an average of four tonnes per hectare of productivity level (ICAR, n.d. (a)). The net sown area in Haryana is 80 per cent of
the total geographic area as compared to the national average of 46 per cent, and with a cropping intensity of 181 per cent (ICAR, n.d.
(b)) and the gross cropped area of 65 lakh hectares (DACMTD, n.d.). The major crops grown in Haryana are paddy, wheat, millets,
mustard and cotton in the more recent years (Ohlan, 2012).

5.2. Study design: experimental design, sampling and data collection

To causally establish whether an SMS based agri-met advisory improves the farmers’ decision-making or not, we designed an RCT
as depicted in Fig. 2. The unit of analysis is individual farmer. We conducted a multi-stage cluster sampling. In the six study districts,
we identified a list of all the villages, using the Government of India census 2011 data. From this list, we excluded all the villages where
Agri-Met Field Unit at CCS HAU was already sending SMS advisories. The list of remaining villages (our sampling frame) were where
the SMS advisories were not being sent. We randomly selected 10 villages from this list of villages from each district. If the location of
the randomly selected village on the district map was contiguous to another selected village, we dropped that village from the sample
and chose another one until we got all the villages which were non-contiguous so as to minimize contamination of control group by the
treatment group during the intervention year.

Next, we selected a sample of 10 farmers from each of the 60 villages. We asked the village sarpanch (village head) to introduce us
to a set of farmers across all different land size categories to ensure a representative sample for the study”. In this way, we obtained our
initial sample of 640" farmers for the study from 58 villages® across the six districts in the period between April 2016 and July 2016
through face-to-face interviews. The power calculations for our main dependent variables (see Table S8 in supplementary material)
show that the 58 clusters with each cluster size of about 11 farmers and a total sample size of farmers was adequate to achieve a power
of 0.8 (1 minus the probability of a Type II error) and alpha of 0.05 (the probability of a Type I error).

The initial contact with the farmers was made face-to-face by visiting their village between January and July 2016. They were
explained the objective of the study and their consent was taken for participating in the study as well. Data was collected for two
consecutive Rabi season for the wheat crop—October 2016 to April 2017 (baseline data) and October 2017 to April 2018 (post-
intervention/endline data). The tool for data collection was a detailed and structured questionnaire which was tested in the field before
actual collection of the data. Because of the nature of data to be collected, frequent interaction with the farmers was required, and
conducting face-to-face interviews was not economically feasible for the study. Therefore, after the initial face-to-face contact with the
farmers, the data was collected through telephonic interviews where each farmer was contacted for a minimum of four to five times
during the entire wheat crop season between October to April. Each telephonic interview lasted for an average of 20-25 min, wherein
each farmer was asked about the time of scheduling and cost of relevant agricultural operations such as land preparation, sowing,
irrigation, fertilizer application, and so on, at the time of calling.

2 The decision about choice of district was taken in consultation with the Agri-Met Field Unit at Chaudhary Charan Singh Haryana Agriculture
University (CCS HAU), Hisar.

3 We initially planned to conduct stratified random sampling to select sample of farmers based on the list of farmers and their landholding size we
obtained from the district administration. However, the sample of farmers from the list often did not match farmers found in the villages actually.

* In some villages, we had collected data from more than 10 farmers (11 or 12 farmers) as the sarpanch had invited the farmers for interviewing
with us, and a few extra farmers would allow for sample size to not reduce too much after attrition.

5> We could not go to two villages in the sample in the district of Panchkula because of severe rains there during the data collection period.
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Fig. 1. Study area - study districts on map of Haryana.

For post-intervention data collection, the villages were allocated to the control group or the treatment group. The sample of farmers
from each village would then be either treatment group of farmers or control group of farmers. A simple random allocation of villages
to treatment and control groups may have led to some biases as all the villages were not exactly similar to each other in terms of size
and demographics. Therefore, a matched pair of villages—i.e. two villages which are very similar to each other based on criteria such
as the population of the village, total area, net sown area, number of literates, number of Scheduled Caste residents, number of farmers
and agriculture labourers and total irrigated area—were identified (see supplementary material section A1l for a complete description
of how matched pairs of villages were created). Out of the two matched villages, one was randomly assigned to a treatment group and
other to the control group using the lottery method. Table 1 below presents whether the control and treatment groups were similar to
each other in terms of demographic and other characteristics or not in the baseline year before the start of the intervention. The p-
values for test of difference of means across control and treatment groups shows whether there is any significant differences in the
farmer characteristics between the two groups viz. treatment and control group farmers.

In general, there is no statistically significant difference in farmer characteristics across the two groups. The mean average age of
farmers in both the groups is approximately 45 years, having an average seven years of schooling. Farmers in both the groups on an
average belong to the medium category of farmer owning approximately 5.5-6.2 acres of landholding and on an average cultivate
8.1-9.6 acres defined as operational landholding in this study. Similarly, nearly 75 per cent of the farmers in both the groups are
primarily engaged in farming as primary occupation. Farmers across the two groups, however, differ in term of caste as the number of
upper-caste farmers in the treatment group is 10 percentage point lower than the control group. About 27 per cent of the farmers do not
receive any weather information at all.

5.3. The intervention

The intervention was the SMS-based agri-met advisory that was to be sent to the farmers in the treatment group (and not to the
farmers in control group) by the Agri-Met Field unit located at CCS Haryana Agricultural University, Hisar, from October 2017 on-
wards®. Before the start of the intervention Rabi season (2017-18), phone numbers of the farmers in the treatment group were shared
with the Agri-met Field Unit at CCS HAU, Hisar. Table 2 presents some examples of the Agri-met advisories that were sent by CCS-HAU

6 An MOU had been signed between CCS HAU, Hisar, and IIT Delhi to send SMSs to the treatment group of farmers for a period of the study. After
the completion of data collection, the researchers at IIT Delhi enrolled all the farmers of the control group as well on the farmer portal of Haryana
government so that they could start receiving the SMS agri-met advisories after the data collection for the intervention year was complete.
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Study Site: Haryana
= 6 Districts: Ambala, Panchkula, Jind, Hisar, Palwal, and Mewat
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& v
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v
- Face-to-face interviews: Established contact with farmers Jan 2016-
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£3 ¥
2 % Baseline data collection: (Average 4-5 rounds of telephonic interviews) Oct 2016~
) Telephonic interviews: 556 farmers in 58 villages May 2017
Round1 Attrition: 84 farmers
v
Randomized Assignment to Treatment and Control: 58 villages- 640
E farmers (All contacted farmers)
|
g Sep 2017
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Villages: 29, Sample households: Villages: 29, Sample
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v
=
£ Agri-met SMS
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= L Lost to Follow-up Oct 2017-
) ost to Follow-up Villages: 0, Households: 46 May 2018
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E :_>) =§ Farmers gave data in post-intervention period = 547
«;—" = Farmers gave data in both years = 463
= Analysis: Treatment Analysis
—: Villages: 29, Sample households: Villages: 29, Sample
2 216 households: 247

Fig. 2. Study Design.

to farmers’ mobile phones through SMS.

5.4. Description of variables

The crop advisory information once generated by Agri-met Field Unit is available to the farmers through various media such as
television, radio, newspaper, extension agents, and the internet. Agri-met advisories are sent through mobile SMS to those farmers who
have registered their mobile numbers for this service. This paper examines the causal relationship between the provision of SMS-based
agri-met advisories to farmers on their mobile phones and the farmers’ compliance with advisory for scheduling of different farming
operations, specifically irrigation, fertilizers and weedicides application. Therefore, we are testing for efficacy of mobile SMS in
increasing compliance of advisory by the farmers.

The scheduling of different operations is typically based on two criteria, i.e. Crop Growth Cycle (CGC) and the upcoming weather in
the next few days. Each of these are discussed below. The dependent variable, i.e. the compliance of farmer with advisory recom-
mendations, has many variants because we considered three operations viz. irrigation, fertilizer application and weedicide application,
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Table 1
Difference in Characteristics of Farmers in Treatment and Control Groups.
Control (N = 247) Treatment (N = 216) Total (N = 463) p value

Age in years 0.587
Mean (SD) 45.8 (12.6) 45.1 (13.5) 45.5 (13.1)
Range 18-80 19-80 18-80
Education in Years 0.900
Mean (SD) 7.6 (4.5) 7.71 (4.5) 7.68 (4.5)
Range 0-17 0-17 0-17
Area under operational landholding in acres 0.061
Mean (SD) 8.1(8.1) 9.6 (9.3) 8.7 (8.7)
Range 0.5-60 0.5-62.5 0.5-62.5
Area owned by individual farmer in acres 0.196
Mean (SD) 5.54.7) 6.2 (6.7) 5.8(5.7)
Range 0-30 0-55 0-55
Engaged in more than 1 occupation 0.649
no 183 (74.1%) 164 (75.9%) 347(74.9%)
yes 64 (25.9%) 52 (24.1%) 116 (25.1%)
Caste 0.024
upper caste 109 (44.1%) 118 (54.6%) 227 (49.0%)
other caste 138 (55.9%) 98 (45.4%) 236 (51.0%)
Own a tractor 0.121
Yes 108 (43.7%) 110 (50.9%) 218 (47.1%)
No 139 (56.3%) 106 (49.1%) 245 (52.9%)
Weather information received through face-to-face channels 0.299
no 177 (71.7%) 164 (75.9%) 341 (73.7%)
yes 70 (28.3%) 52 (24.1%) 122 (26.3%)
Weather information received through mass media channels 0.710
no 141 (57.1%) 127 (58.8%) 268 (57.9%)
yes 106 (42.9%) 89 (41.2%) 195 (42.1%)
Weather information received through modern ICT channels 0.973
no 154 (62.3%) 135 (62.5%) 289 (62.4%)
yes 93 (37.7%) 81 (37.5%) 174 (37.6%)
Weather information received by farmer 0.96
no 66 (26.7%) 59 (27.3%) 125 (27%)
yes 181 (73.3%) 157 (72.7%) 338 (73%)

Table 2

Examples of Agri-meteorological Advisories.

Dates for which weather advisories Date of Weather Warnings and Advisories Circulated by CCS Agriculture University, Haryana. #

were made available Circulation

14 and 15 Nov 2017 11 Nov 2017 Chances of weather change due to western disturbances starting 14th November. Light drizzling
plausible at some places on 15th November. If possible, do not sow, or irrigate, or spray during this
period.

6 Dec 2017 1 Dec 2017 Possibility of dry weather till 6th December. Must irrigate wheat at CRI (crown root initiation) stage
which occurs 21 days after sowing as it is an important stage of irrigation.

11 to 13 Dec 2017 8 Dec 2017 Weather changeable from 10th December. Light to moderate rainfall during the 11 to 13 December.
Postpone irrigation, spraying and sowing of late variety seeds of wheat.

11 to 13 Feb 2018 10 Feb 2018 On 11-13 February, due to western disturbances, possibility of light to moderate rainfall in some

places. Temporarily postpone irrigation and spray in crops. Transfer the harvested fruits and vegetable
to the market.

#Here, we present the translated version of the advisories send to the farmers of Haryana through SMS in Hindi by the CCS University.

and two criteria discussed above on the basis of which advice is provided to the farmers. These are summarized in Table 2 (for greater
detail on the formulation of these dependent variables (see Annexure 2 in supplementary material). Two other dependent variables
considered are: ‘Farmer’s utilization of information about rainfall in advisory for irrigation’ (as this would save on the economic cost of
expending mechanical and human labour to extract scarce water resource) and ‘Wheat yield (in quintals/acre)’. The main independent
variable ‘Treatment’, and other independent variables which have mainly been used as controls are described and summarized in

Table 3.

5.5. Hypotheses

A priori, we expect that the intervention (i.e. receiving agri-met advisory through SMS on phone) would lead to:

a. Greater compliance by farmers with respect to advisories related to irrigation, fertilizer application and weedicide application

based on crop growth cycle.
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Table 3

Summary Statistics of Variables of Interest in the Study.
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Variable name

Description of the variable

Descriptive statistics

2016-17 Frequency
(percent) / Mean
(SD)

N =463

2017-18 Frequency
(percent) / Mean
(SD)

N =463

Treatment (Main independent variable)

Compliance with irrigation advice 1
based on Crop Growth Cycle
(Dependent variable)

Compliance with irrigation advice 2
based on Crop Growth Cycle
(Dependent variable)

Compliance with irrigation advice 3
based on Crop Growth Cycle
(Dependent variable)

Compliance with fertilizer application
advice based on Crop Growth Cycle
(Dependent variable)

Compliance with weedicide application
advice based on Crop Growth Cycle
(Dependent variable)

Compliance with Irrigation advice
based on weather forecast
(Dependent variable)

Compliance with Fertilizer advice based
on weather forecast (Dependent
variable)

Compliance with Weedicide Application
advice based on weather (Dependent
variable)

Whether Farmer utilized rain water for
irrigation (Dependent variable)

Wheat yield per acre (Dependent
variable)

Agro climatic zones (ACZ) (Control
variable)

Treatment group: SMS agri-met advisory sent to farmer

Control group: SMS agri-met advisory not sent to farmer
Difference (in days) between the actual date of irrigation and the
due date of irrigation (calculated as 22 days after date of sowing) for
a farmer

Difference (in days) between the actual date of irrigation and the
due date of irrigation (calculated as 45 days after date of sowing) for
a farmer

Difference (in days) between the actual date of irrigation and the
due date of irrigation (calculated as 60 days after date of sowing) for
a farmer

Difference (in days) between the actual date of urea application and
the due date of urea application (calculated as midpoint of time
window [—2, +5 days] from the date of irrigation) for a farmer
Difference (in days) between the actual date of urea application and
the due date of urea application (calculated as midpoint of time
window 25 to 45 days after sowing viz. 30 days) for a farmer.

If the farmer did not comply with the advisory it was coded as ‘1°
and ‘0’ if the farmer complied, across 6 irrigations. A score of zero
meant full compliance. Count of number of times a farmer did not
comply is given below:

0

1

2

3

Operationalization similar to above variable on irrigation

Full compliance

Non-compliance once or more

Operationalization similar to above variable on irrigation

Full compliance

Non-compliance once or more

Number of times a farmer reported using the forecast information
on rainfall (received through the SMS agri-met advisory) to avoid
irrigating his/her field

S W N~ O

In quintals/acre

Ambala-Panchkula
Jind-Hisar
Palwal-Mewat

216 (46.7%)
247 (53.3%)
7.41

(8.29)
NA=2
13.07 (13.85)
NA=5

21.38 (17.88)

NA =43
4.33
(9.257)
38.13
(25.712)
NA =113
84

185

66

15

NA =439
18 (75%)
6 (25%)
NA = 294

142 (84.0%)
27 (16.0%)

381

77

5

0

0

18.534 (3.209)

131 (28.3%)
167 (36.1%)
165 (35.6%)

216 (46.7%)

247 (53.3%)

9.46

(9.15)

NA=0

16.23 (13.69)NA =5

22.28 (15.73) NA =
18

6.37 (10.179)

41.59
(24.202)
NA = 189
64

144

44

2

NA = 288
105 (60%)
70 (40%)
NA = 207

230 (89.8%)
26 (10.2%)

351

79

30

2

1

18.731 (3.531)

131 (28.3%)
167 (36.1%)
165 (35.6%)

b. Greater compliance by farmers with respect to advisories related to irrigation, fertilizer application and weedicide application

based on weather forecast.

c. Greater utilization of advisory about rain forecast in utilizing rain water for irrigation and avoiding conventional means of

irrigation.
d. Greater yield for farmers.

5.6. Methods of data analysis

In this study we test for the effect of the intervention (providing SMS based agri-met advisories to farmers) on farmers’ compliance
with the advisory using the Difference-in-Difference (DID) technique. DID allows us to see the effect of the intervention by comparing
the outcome over time between the two groups, one that received treatment and the other which did not. The double differencing helps
in removing the biases that may be measured in the outcome variable if only the post-intervention outcomes are compared.

Equation-1 below is a standard DID equation that is estimated to measure the treatment effect (53). In this equation, d is the
outcome variable representing compliance by a farmer; Trt is the dummy variable for treatment taking value 1 if farmer belongs to
treatment group and O otherwise, Yr is the dummy variable for year taking value 1 for intervention year and O for baseline year; f; is
the DID estimate showing the effect of intervention obtained through the double difference; X is a vector of other covariates included in
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the model that could influence the outcome variable.
d=ay+ B, Trt+ By Yr+ B Tri*Yr+ X + ¢ @

Depending on the nature of the dependent variable, we used different regression models.

The first set of dependent variables on compliance of the farmer with respect to irrigation advice, fertilizer and weedicide appli-
cation based on crop growth cycle are continuous variables representing the absolute distance (in number of days) between the actual
and scheduled dates of the operations. Wheat yield per acre is also a continuous variable. Therefore, we used the linear model (OLS)
while doing the DID. Compliance of the farmer with respect to weather advisory is a binary variable representing whether the farmer
has made a mistake or not complied with the advisories (coded as 1) or not. Also, the variable on whether a farmer utilized rain forecast
to use rain water to substitute surface/ground water irrigation is also a binary variable. Therefore, we used linear probability model
while doing the DID. Covariates are the two farmers characteristics that remained unbalanced post random allocation of villages to
control and treatment groups—(i) caste, and (ii) operational land of the farmer at baseline. The agro-climatic zones have been used as
control for the area fixed effect across all models. Further, yield is a function of various inputs that go into the crop. Therefore, we also
include seed variety and timing of sowing, number of irrigations, fertilizer application and weedicide applications as covariates in our
DID estimations on wheat yield per acre. To check for robustness of DID estimates we also conducted Inverse Probability Weighted
Treatment Difference in Difference (IPWT DID) analysis and Intention to Treat (ITT) analysis. We have reported the results of IPWT
DID and ITT analysis in supplementary materials (see Tables S9 and S10 respectively).

6. Results

For each outcome (dependent variable), Table 4 summarizes (i) the DID estimate, (ii) the unit in which it is measured, and (iii) the
mean of the baseline (2016-17) data in control group. The DID (treatment effect) estimates are displayed in Figs. 2a, 2b and 2c. The
Tables S2, S4, S6 and S7 in the supplementary materials provide the full estimation results for the DID models for sample size of n =
463. In the sample of 463, there were 51 control group farmers who received SMSs in either pre- or post-intervention time period. This
happened as there was a time lag between the time the farmers were enrolled in the experiment (between April and July 2016) and the
time for collecting baseline data, intervention and the endline data collection. In the meantime, some farmers enrolled for the SMS
service on the government’s m-kisan portal to receive agri-met advisories. To get a true estimate of the average treatment effect on the
treated (ATT), we excluded these 51 farmers and conducted the DID analysis also for the sample of 412. The Tables S3, S5, S6 and S7
present the full estimation results for DID models for sample sizes n = 412. However, the results presented in this section are for the
sample size of 463.

6.1. Farmer’s compliance with advisory based on crop-growth cycle

Table 4 (panel A) and Fig. 2a shows a significant and positive” effect of SMS on the farmers’ compliance with irrigation, fertilizer
and weedicide application advisory based on crop growth cycle (CGC), except in the case of 1st irrigation advice, where the sign of the
coefficient is as expected (i.e. the intervention reduced the difference between scheduled and actual date of irrigation by about two
days), though it is not significant. This is probably because the first irrigation about 22 days after sowing is an extremely important one
and the farmers in both treatment and control group do not deviate too much from the schedule with respect to this irrigation. In fact,
Table 4 does show that the mean difference between the schedule and actual date of irrigation for the first irrigation after sowing is
only about eight days, and is the smallest compared to other irrigations. For the rest, the intervention has reduced the mean difference
between scheduled and actual date of second and third irrigation, from 15 days to 10 days and from 22 days to 16 days respectively.
Similarly, for fertilizer application, the mean difference between the scheduled date of application and the actual date of application
has been reduced from about 5.5 days to 3 days; and the mean difference between the scheduled date of weedicide application and the
actual date of application has been reduced from about 40 days to 32 days. Similar results hold for sample size 412 (see Table S3 in
supplementary materials).

6.2. Farmer’s compliance with advisory based on weather forecast

Table 4 (panel B) and Fig. 2b show no significant impact of the SMS on the farmer’s compliance with the agri-met advisory with
respect to irrigation and weedicides application, and fertilizer application based on weather forecast. Results for N = 412 are presented
in Table S5 in supplementary materials. To be noted from the mean value for control group of farmers in the baseline years is that for
fertilizer application 67 per cent (1-0.23 = 0.67) of farmers in the control group and for weedicide application 85 per cent (1-0.15 =
0.85) farmers complied with the advisory of not applying fertilizers or weedicide to their crop in case of a rain forecast.

That means that even in the baseline year, the compliance with weather advisory is quite high. However, this is not true for
irrigation where one notices that compliance with the weather advisory for not doing irrigation when rain is forecast is quite low at
only 21 per cent (1 — 0.79 = 0.21) in the control group of baseline year. The SMS-based agri-met advisory intervention did not
significantly affect compliance to weather-based advisory by the farmers. The possible reasons for such unexpected results are

7 The coefficient of the DID is negative because lesser the distance between the scheduled and actual date of a particular operation, the better it is.
The negative sign of the coefficient implies that the effect of intervention on treatment group is positive.
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Table 4
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Impact of SMS Advisory Intervention on the Farmer’s Compliance with SMS Advisory, Utilization of Rain Forecast for Avoiding Irrigation and Yield.

Panel A

Units

Compliance with SMS advisory based on Crop Growth Cycle (difference in days between scheduled and actual date of

operation)

Irrigation-1 (Days) Irrigation-2 (Days)

Irrigation-3 (Days)

Fertilizer (Days)  Weedicide (Days)

Effect of SMS advisories
SE

Mean (control group baseline year)

Panel B

Effect of SMS advisories
SE

Mean (control group baseline year)

Panel C Units

~2.02 ~5.04 —7.94%%
1.36 2.04 2.25
7.37 12.28 19.98

Compliance with SMS advisory based on weather forecast
Irrigation (Yes/No) Fertilizer (Yes/No)

0.06 —0.09 0.08
0.07 0.17 0.06
0.79 0.23 0.15

Wheat yield per acre (Quintals/acre)

Weedicide (Yes/No)

~2.57* ~8.41%*
1.43 3.78
4.04 35.86

Whether farmer utilized rain water for irrigation
(Yes/No)

0.09**

0.04

0.19

Effect of SMS advisories
SE

Mean (control group baseline year)

0.19
0.37
18.31

Note: “"p < 0.01, "'p < 0.05, *p < 0.1; SE reported are clustered SE; (N = 463).

Compliance with weedicide

application advice based I

on Crop Growth Cycle 8.41

Compliance with
fertilizer application
advice based on Crop
Growth Cycle

Compliance with

irrigation advice 3 based I
on Crop Growth Cycle

Compliance with
irrigation advice 2 based
on Crop Growth Cycle

Compliance with
irrigation advice 1 based
on Crop Growth Cycle

-18-17-16-15-14131211109 8 7 6 5 4 3

210

Treatment Effect

Fig. 2a. Impact of SMS agri-met advisories on farmers’ compliance with crop growth cycle-based advisory.

discussed in section 4 on Discussion.

6.3. Farmer’s utilization of rainfall forecast information in advisory for irrigation

Table 4 (panel B) and Fig. 2b also presents the results for the effect of SMS-based agri-met advisories on the number of times the
farmer was able to substitute rainfall for ground/surface water irrigation. The results show that at 95 per cent confidence level, the SMS
does increase the utilization of rainfall information in the weather forecast by 9 percentage points. See Table S6 in supplementary
materials for N = 412, which has similar results.

6.4. Effect of SMS-based agri-met advisory on per-acre yield

Table 4 (panel C) and Fig. 2c shows that the SMS-based agri-met advisories intervention had no significant impact on the yield per-
acre of the farmers even after accounting for other factors that could influence the crop yield by including them as controls in the model
(see Table S7). However, also depicted in Fig. 2c are the mean differences between the yield of the treatment and control group in the
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Whether farmer utilized
rain water for irrigation

Compliance with Weedicide
Application advice based
on weather

Compliance with
Fertilizer Application
advice based on weather

Compliance with
Irrigation advice based
on weather forecast
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— —

E 0.09

F—o—

0.08

-0.08

0.05

-0.2 0
Treatment Effect

Note: Point estimates with 95% CI; Units for outcome variables as in Panel B of Table 4

Fig. 2b. Impact of SMS agri-met advisories on farmers’ compliance with weather-based advisory.

Mean difference in yield
per acre in intervention
year between treatment
and control group

DID estimate of
difference in Wheat yield
per acre

e —

0.66

0.19

0

0.2
Treatment Effect

Fig. 2c. Impact of SMS agri-met advisories on the farmers’ yield.

endline year which is significantly different for both the groups. Similar results hold for N = 412, see Table S7 in supplementary
materials, though for this sample the magnitude of the DID estimate increases 0.19 (for n = 463) to 0.35 (for n = 412) and the level of

significance improves, though the effect is still insignificant.

7. Discussion

Agri-met advice is considered an important means to improve farm outcomes by aiding decision-making of the farmers about
various operations (such as irrigation, sowing, fertilizer application and plant protection). While this information is potentially
available through many channels—such as face-to-face contact with extension agents, friends and neighbours, mass media channels
like radio, television and newspaper, and newer ICT tools such as the internet on mobile phones and computers—the reach of SMS is
potentially likely to be highest, given the penetration of mobile phone in rural Haryana. Hence, it is important to examine whether an
SMS agri-met advisory sent to a farmer’s mobile phone helps the farmer make better decisions.
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This paper attempts to examine whether agri-met advice sent through SMS on the mobile phone of the farmer leads to greater
compliance by the farmers for that advice and better farm outcomes such as yields. To understand this, we studied compliance with
respect to irrigation, fertilizer application and weedicide application advice provided to the wheat-growing farmers in six districts of
Haryana. These three inputs are considered to be a major driver of variations in yields for wheat farmers, and the timing of these
operations are critical in affecting yield. The compliance of the farmers with the advice was assessed for two kinds of advisories: one
was on timing of an operation (irrigation or weedicide or fertilizer application) based on crop growth cycle, and the other was not
doing a particular operation because of upcoming weather conditions. The third outcome assessed was the farmer’s ability to take
advantage of the rain forecast and avoid groundwater/surface water irrigation, thereby saving that cost. Lastly, we also looked at the
per-acre yield to test whether it significantly differs for those who received SMS-based agri-met advice.

We find that the timing of all three operations for advice based on crop growth cycle improves for the treated farmers. The farmers
irrigate their field closer to the date when it is scheduled, and also apply urea and weedicide closer to the scheduled dates for the
treatment group. We find the significant effect of SMS advisories on the farmers’ compliance with respect to crop growth cycle advice
intriguing, as the farmers are usually well aware of maintaining these time intervals for different operations. Despite this fact, it is
evident that SMS agri-met advisories improved the scheduling of agricultural operations—particularly irrigation and fertilizer
application significantly for those who received agri-met advisories. Our finding resonates with the study by Maredia et al. (2018),
where they find that for technologies that the farmers were already aware of, animated video shown on the mobile phone (the
intervention in their study) was also as effective as live demonstration in inducing adoption. Similarly, the weekly push content
delivered through voice messages to the farmers worked as a reminder to follow the information availed through calling services in the
Cole and Fernando (2016) study. Likewise, the agri-met advisories turned out to be a reminder for the farmers that reinforced the
importance of following the crop calendar while scheduling the agricultural operations. This indicates that nudging the farmers about
following good practices that he/she already knows may render benefits over time.

However, the more surprising finding is with respect to the farmers’ compliance with weather advisories. The SMS agri-met ad-
visories had no significant effect on the farmers’ compliance with weather advisories. We can think of two possible reasons behind
these unexpected results. The first reason for such a finding could be the unfamiliarity of the farmers with the weather advisories about
not doing an operation on certain dates as compared to the agri-met advisories related to scheduling of operations based on crop
growth cycle. Most farmers are generally aware of the crop cycle, and most farmers in our sample had never received an SMS agri-met
advice before the intervention.

A second possible reason could be related to the specificity of the advisory message. SMS advisories are not very specific about the
amount or quantity of rainfall that is expected (see Table 2). The amount is mentioned in qualitative terms, such as light to moderate
showers, for example. In the absence of information about how much rain to expect, a farmer may not comply with the advisory about
not irrigating; he/she feels that the amount of rainfall that occurs may not be sufficient for their crop. In fact, comments by some
farmers in our sample do corroborate this point. One of the farmers said, ‘...they were waiting for rain to occur after receiving the
advisory, but when scanty rain occurred, they irrigated their fields as usual, as the crop needed water at the time.” Therefore, we find
that for irrigation, the compliance with advisory about not to irrigate is relatively much lower. Also, since we have considered only
those cases of compliance where irrigation was due for that farmer during the time-window when the advisory advised against irri-
gating, the insufficiency of rain makes the case of non-compliance (farmer irrigating despite the advice to not do so) more explainable.
This is, perhaps, also the reason why we find a relatively less number of farmers being able to utilize that rainfall forecast to substitute
groundwater or surface water irrigation.

A point to note is that compliance with agri-met advisory with respect to weedicide application and fertilizer application is rather
high, as there are very few cases of non-compliance in the sample for both baseline and endline years (see Table 3). Since compliance is
high even in the baseline year and irrespective of the treatment, it is another reason we do not see a very significant effect of SMS
advisories that advice against application of weedicide and fertilizers in the event of rainfall. This means that when farmers learn that
there may be rain in the near future (about which they could learn from channels other than SMS advisory, such as television), they do
not apply weedicides or fertilizers. Most farmers understand that the weedicides applied would be simply washed off even if the rainfall
is scanty. Weedicides are also expensive, and therefore, the farmers are cautious about losing them to a rain shower.

Despite the lack of specificity in the advisory, one significant impact of the SMS advisory observed in our dataset is that treated
farmers are more likely to use information on rain forecast to take advantage of the same, and avoid irrigating their fields using
groundwater through tube-wells, and sometimes canal water. The use of rainfall for irrigation reduces cost of irrigation per acre for the
farmer, as both groundwater and surface water use incurs cost for the farmer. This cost of irrigation can be substantial, particularly
when the groundwater has to be extracted using expensive diesel engine tube-wells or have to be purchased from another farmer.

The SMS agri-met advisories intervention did not have a significant effect on the yield of the farmers, though the coefficient of the
DID estimate is positive for the sample size of 463 (see Table 4), and the sample size of 412 (see Table S7), inverse probability weighted
(IPW) DID (see Table S9), and in the full sample of 640 in which we imputed missing values for Intention to Treat (ITT) analysis (see
Table S10)—it is insignificant in all the four cases. If we simply consider the difference between treatment and control group yields in
the endline year, we do find a significant difference between the yields (see Table S1). While the better scheduling of operations would
ideally affect yields, the same is also affected by a number of other factors—all of which have probably not been captured here. In
addition, while the SMS agri-met advisories have improved the scheduling of advisories, the scheduling in the treatment group is still
far from perfect. Perhaps, a greater familiarity and use of advisories would improve scheduling further for the framers, and then the
effect on yield may become more visible.

Overall, we find in this study that SMS can be effective in compliance by the farmers to agri-met advisories for many scheduling
decisions, if not all. We also found while interviewing the farmers over the phone that the majority of the treated farmers did show a
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preference for receiving information through SMS. They said that they found it useful to receive the agri-met advisory over their
phones. Fafchamps and Minten (2012) stated that even when no statistically significant benefits of the agricultural information emerge
in their empirical study, those farmers who reported making changes in their practices did list RML SMSs as one of the drivers
influencing their decision-making.

Some limitations of the study relate to the fact that the study is focussed only on the wheat crop, and not all the crops that the
farmers grow. For the farmers who grow vegetables and fruits—which are usually even more weather-sensitive than the cereals—agri-
met advisories sent through SMS on the farmers’ mobile phone could be even more useful. A second limitation of this study is that it is
located in the state of Haryana, where most farmers have access to some source of irrigation, whether surface or groundwater. Studying
the impact of SMS agri-met advisories in case of states and areas that are dryland regions and not necessarily well-irrigated could reveal
far greater usefulness of agri-met advisories, as rain-fed areas are likely to find weather forecasts and associated weather advice far
more useful than irrigated areas. A third limitation of the study is that it assesses the uptake of SMS-based agri-met advisories by the
farmers in only one season. This was the first time many of the farmers ever received an SMS agri-met advisory. Repetition of the study
over a number of seasons may have resulted in greater familiarity and uptake of advisory by the farmers. The limitation of scope in
terms of crops, geographic area of study and the time-duration of the study can be attributed to budget and cost limitations at the first
author’s end.

The findings of this paper make contributions in two distinct yet related domains, i.e. one to adaptation to climate risk domain, and
two to the ICTs in agriculture. An important question in the literature related to adaptation to climate change is regarding the role of
information in enhancing the farmers’ ability to respond to climate risk. Empirical evidences have revealed that weather and climate
information has positively contributed in enhancing the ability of the farmers to respond to climate risk and improving farm outcomes
such as increased crop yield and cost saving (Stigter, 2011; Donovan, 2017; Cole & Fernando, 2016; Nesheim et al., 2017; Wang & Cai,
2009), likely increase in water saving by improving irrigation decisions (Wang & Cai, 2009), and improved farm revenue (Birthal et al.,
2015). In fact, farmers with access to weather and climate information are more likely to make on-farm changes (Wood et al., 2014)
that may result in better farm outcomes. Our study also provides supporting evidence on the positive role of relevant information in
enabling the farmers to better respond to climate risk and make improvements in the scheduling of their farming operations.

However, an important question is that if information is so useful to the farmers’ capacity to adapt, then why is it not used
extensively, and by all farmers? Our data shows that 27 per cent of the farmers did not report any source or channel of information for
receiving weather-related information (see Table 1). One possible explanation could be that the transaction cost involved in obtaining
relevant information is often non-negligible (De Silva and Ratnadiwakara, 2008). According to the IPCC report (IPCC, 2014, pp.955),
information acquisition cost can significantly affect the exposed unit’s ability to adapt to climate risk. This could be either when
weather and climate data are costly to obtain or difficult to access. Moreover, the report says that since information is public good,
there is under-provision of information. Consequently, such farmers tend to resist adaptation measures which otherwise could have
been possible, had the information been available with ease (Bradshaw, et al., 2004; Pannell, et al., 2006; Deressa, et al., 2009). Public
interventions to provide relevant information to the farmers on their mobile phones through SMS, like the one in this study, then is an
important step in the direction of improving capacity of the farmers to respond to climate risk.

A second contribution of the study is in the domain of ICTs for agriculture. Though the importance of ICTs in agricultural per-
formance is widely recognized, efforts towards a rigorous impact assessment of the use of ICTs on the outcomes from farming have
been limited. Our study attempts to add to this strand of literature by examining a particular ICT, i.e. SMS on mobile phones of the
farmers, and its impact on farm outcomes. An important unresolved question in the arena of agricultural extension is the method of
outreach to all the farmers in the face of shortage of staff. A promising avenue since the penetration of mobile phones in the rural
hinterland is through SMS. Our study provides causal evidence on efficacy of SMS sent on mobile phones of the framers in getting them
the information and significantly affecting their decisions. Also, SMS is a relatively cheap medium of information dissemination,
especially compared to extension agents (Karanja et al., 2020; Soyemi & Adesi, 2018). Our study shows that SMS has the potential to be
an important medium of outreach to the farmers with relevant information.

Our study also highlights some directions for future research in this area. From the perspective of the quality of information, further
research in this arena needs to focus on the credibility and salience of the agri-met advisories. When this study started, we had
registered six mobile numbers of the project team for each of the districts in order to receive the SMS agri-met advisories, particularly
for wheat crop. We maintained a catalogue of advisories received on each of these numbers, and noted that there was often not much
difference in the advisories across the districts, with only slight variation in the timing of circulation of the advisories. This raises
serious concern over the salience of the advisories affecting the trust of the farmers who received them. Our study also points towards
the need for future research in the characteristics of information such as accuracy, specificity and reliability that would match the
needs of the farmers. While there is ample research related to the characteristics of the warning information and how it affects public
response to warnings (see annotated bibliography by Mileti et al., 2006), such research on message, channel, source characteristics of
weather and climate forecasts, and their impact on response of the farmers to this information is scant.

From the perspective of ICTs, further research is needed on which features of the phone would be most useful to disseminate
information to the farmers. For example, voice messages maybe be preferred more by the farmers than text messages through SMS.
Different mobile phone applications may provide better ways of providing relevant information to the farmer. Studies have found that
SMS is less preferred over phone calls by the farmers. For instance, according to (Wyche & Steinfield, 2016), the farmers in rural Kenya
face SMS challenge, meaning there is a steep learning curve involved in the usage of SMS for communication. Similar findings were
stated by Crandall (2012), that farmers in Kenya find calling easier than sending and receiving text messages, which also requires some
practice. But given the cost-effectiveness of sending an SMS compared to voice messages (particularly for cash-strapped Agri-met Field
Units in India), keeping it a non-paid service for the farmers, and the ability to reach them without smart phones through an SMS,
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implies SMS (particularly SMS in local language) is still important and relevant in the developing country context, where majority of
the farmers are small and marginal farmers, and are often not able to afford a smartphone. However, with functional literacy rates
being low among small and marginal farmers in the developing country context, the challenging question is how to make farmers more
adept in checking the SMS information received.

In terms of implications for policy, SMS Agri-met advisories are useful and should be promoted by the government, especially in the
short to medium term. While there is quite a bit of optimism regarding the use of applications more modern than the SMS and use of
GPS-supported technology to conduct farming in many parts of the world—including India, it will be a while (perhaps another 10 years
as a new generation enters farming) before the potential of the modern ICTs is fully explored and exploited by the farmers in India. In
the short term, SMS is likely to remain an important channel of communication for the farmers. The main reasons being—one, for most
of the apps and GPS technology that may aid farming, a smartphone is needed. A majority of farmers in India are small and marginal
land holders, and often do not have a smartphone. Haryana, our study state, is among the more affluent states in India. Even in our
sample, only about 25 per cent of the sample had smartphones. Smartphone usage in India as of 2018 was 27 per cent of the population
(McKinsey Global Institute, 2019). The population in rural India that does use smartphones are often richer farmers and other pro-
fessionals, and typically not small and marginal farmers (Dev, 2017). The distribution of smartphones by landholding in our study
sample also illustrates this.

Second, in case of ordinary (non-smart) phone, SMS is the main tool to push written content, other than voice calls (which a farmer
needs to make and often does not). Even if every farmer can afford to purchase a smartphone, still, every farmer does not have the
capacity to use all the features of a smartphone. This is also illustrated in our sample, which showed that a majority of the farmers (70
per cent) could open and read an SMS, but only a small minority could do other more sophisticated tasks on the phone, such as use
online apps or make online transactions using the mobile phone. This is the case when the average literacy level in rural Haryana is
about 80 per cent, and higher than the national average. Even among those who are illiterate, they may not be able to read an SMS on
their own. But given that agri-met SMSs are sent in regional languages and not English, many illiterate farmers are able to ask their
children to read out the message to them, as was reported in our study sample.

While face-to-face communication and exchange through their trusted groups will continue to be important for the farmers, even
the trusted groups need to get their information from somewhere. The sources are numerous (TV, radio, etc.), but SMS is still important
because it is delivered to the trusted group (another farmer) right on his/her phone, and can be read at the farmers’ convenience. With
TV and radio, the comments of the farmers in our sample revealed that accessing information at the farmers’ convenience is difficult.

Given the fact that ordinary, non-smart phone, at the moment, have made the largest penetration in rural areas and particularly less
affluent farming communities, SMS does seem to be still very important. It may not be the ideal form of communication, given the
current potential of ICTs, but it still is a very important form of communication for rural parts of India. The government’s investments
in the agri-met advisory programme should be bolstered to strengthen the capacity of agri-met field units to send district and sub-
district level, and crop-specific advisories.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

Funding for this research was provided by South Asian Network for Development and Environmental Economics (SANDEE), ETH
Zurich (ETH Zurich project titled, Impacts of agri-met advisories distributed by SMS among farmers in the State of Haryana, India, Funded by
the ETH Career Seed Grant SEED-19 16-2), Faculty Interdisciplinary Research Project (FIRP) at IIT Delhi, and DST- Centre for Policy
Research (DST-CPR). We gratefully acknowledge all the support provided by Chaudhary Charan Singh Haryana Agricultural Uni-
versity (CCS HAU) for facilitating the research work and conducting the field study. Without their suppor, particulalry the following
individuals — Prof. S. S. Siwach, Prof. Ram Niwas, Prof. Surender Singh and Prof. M. L. Khichar, the research would not have been
possible. We especially thank Prof. E. Somnathan, Dr. Nepal Mani, and Dr. Shubrendu Pattanayak for critical feedback in the initial
stages of the project. We are very thankful Dr. Iti Bose for her valuable contribution in completion of the field data collection. We also
thank Pankaj, Vishu Rahar, Sunil Gupta, Sonu Kumar, Nikita Kala, Prasoon Singh, Deepika Narang, Dr. Aparna Radhakrishnan,
Bhuvaneshwari Subramanian, Rupsa Ghosh, Suraksha, Mugdha Agrawal, Shirish Sharma, Gurpreet Singh, Ishneet Kaur, Rajeev Bhote
and Manish Kundra for their research assistance for variable period of time at various stages of the project. We are deeply thankful to
all our respondents who patiently participated and answered all our questions in the successive rounds of data collection. Any errors of
fact or interpretation are those of the authors.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.crm.2021.100321.

14


https://doi.org/10.1016/j.crm.2021.100321

U. Sharma et al. Climate Risk Management 33 (2021) 100321
References

Aker, J.C., 2011. Dial “A” for agriculture: a review of information and communication technologies for agricultural extension in developing countries. Agric. Econ. 42
(6), 631-647.

Ali, J., Kumar, S., 2011. Information and communication technologies (ICTs) and farmers’ decision-making across the agricultural supply chain. Int. J. Inf. Manage. 31
(2), 149-159. https://doi.org/10.1016/j.ijinfomgt.2010.07.008.

Babu, S.C., Glendenning, C.J., Asenso-Okyere, K., Govindarajan, S.K., 2012. Farmers’ information needs and search behaviors. Int. Food Policy Res. Institute 1165,
1-37.

Bachhav, N.B., 2012. Information Needs of the Rural Farmers: A Study from Maharashtra: A Survey. Library Philosophy and Practice, India.

Balaji, V., Craufurd, P., 2011. CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS). 22.

Benard, R., Dulle, F., Lamtane, H., 2019. Challenges associated with the use of information and communication technologies in information sharing by fish farmers in
the Southern highlands of Tanzania. J. Inf., Commun. Ethics Soc.

Bindlish, V., Evenson, R.E., 1997. The impact of T&V extension in Africa: the experience of Kenya and Burkina Faso. World Bank Res. Observer 183-201.

Birthal, P.S., Kumar, S., Negi, D.S., Roy, D., 2015. The impacts of information on returns from farming: evidence from a nationally representative farm survey in India.
Agric. Econ. 46 (4), 549-561. https://doi.org/10.1111/agec.12181.

Bradshaw, B., Dolan, H., Smit, B., 2004. Farm-level adaptation to climatic variability and change: crop diversification in the Canadian prairies. Clim. Change 67 (1),
119-141.

Camacho, A., Conover, E., 2010. The Impact of Receiving Price and Climate Information in the Agricultural Sector. 32.

Camacho, A., Conover, E., 2019. The impact of receiving SMS price and weather information on small scale farmers in Colombia. World Dev. 123, 104596. https://
doi.org/10.1016/j.worlddev.2019.06.020.

Casaburi, L., Kremer, M., Mullainathan, S., Ramrattan, R., 2014. Harnessing ICT to Increase Agricultural Production: Evidence From Kenya. Harvard University.

Cole, S.A., Fernando, A.N., 2016. ‘Mobile’izing Agricultural Advice: Technology Adoption, Dicusion and Sustainability. 55.

DACMTD. (n.d.). Haryana state farmer guide. Ministry of Agriculture Government of India. Retrieved February 25, 2021, from https://farmech.dac.gov.in/
FarmerGuide/HR/index1.html Das, H. P. (2012). Agrometeorology in extreme events and natural disasters. CRC Press Inc.

Dev, M. 2017. Small Farmers in India: Challenges and Opportunities. Retrieved March 2017, from IGIDR Working Paper: http://www.igidr.ac.in/pdf/publication/
WP-2012-014.pdf.

De Silva, H., Ratnadiwakara, D., 2008. Using ICT to reduce transaction Costs in Agriculture Through Better Communication: A Case-Study From Sri Lanka. LIRNEasia,
Colombo, Sri Lanka.

Deressa, T.T., Hassan, R.M., Ringler, C., Alemu, T., Yesuf, M., 2009. Determinants of farmers’ choice of adaptation methods to climate change in the Nile Basin of
Ethiopia. Global Environ. Change 19 (2), 248-255.

Donovan, K., 2017. Anytime, Anywhere: Mobile Devices and Services and Their Impact on Agriculture and Rural Development. World Bank, Washington, DC.

Fafchamps, M., Minten, B., 2012. Impact of SMS-Based Agricultural Information on Indian Farmers. World Bank Econ. Rev. 26 (3), 383-414. https://doi.org/
10.1093/wber/1hr056.

FAO. (2019). Handbook on climate information for farming communities: What farmers need and what is available.

Feder, G., Anderson, J.R., Birner, R., Deininger, K., 2010. In: Community, Market and State in Development. Palgrave Macmillan UK, London, pp. 187-208.

Frisvold, G.B., Murugesan, A., 2013. Use of weather information for agricultural decision making. Weather Clim. Soc. 5 (1), 55-69.

George, T., Bagazonzya, H., Ballantyne, P., Belden, C., Birner, R., Del Castello, R., Treinen, S., 2011. ICT in Agriculture: Connecting Smallholders to Knowledge,
Networks, and Institutions. World Bank, Washington, DC.

ICAR. (n.d. (a)). Haryana state specific interventions for higher agricultural growth. Ministry of Agriculture and Farmers Welfare Retrieved February 25 from 2021
https://icar.org.in/files/state-specific/chapter/53.htm.

ICAR. (n.d. (b)). Haryana. Ministry of Agriculture and Farmers Welfare Retrieved February 25 from 2021 https://icar.org.in/files/state-specific/chapter/52.htm.

IPCC. (2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M.
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA, 1132 pp.

Jagadeesha, N., Ravindrababu, B.T., Pankaja, H.K., Rajegowda, M.B., 2010. Adoption of agromet advisory services (AAS) for improving livelihood of rural farmers.
International Journal of Agricultural Sciences 6 (2), 584-586.

Karanja, L., Gakuo, S., Kansiime, M., Romney, D., Mibei, H., Watiti, J., Karanja, D., 2020. Impacts and Challenges of ICT Based Scale-up Campaigns: Lessons Learnt
from the Use of SMS to Support Maize Farmers in the UPTAKE Project, Tanzania. Data Sci. J., 19(1).

Khan, S.A., Kumar, S., Hussain, M.Z., Kalra, N., 2009. Climate change, climate variability and Indian agriculture: impacts vulnerability and adaptation strategies. In:
Climate Change and Crops. Springer, Berlin, Heidelberg, pp. 19-38.

Maini, P., Rathore, L.S., 2011. Economic impact assessment of the Agrometeorological Advisory Service of India. Curr. Sci. 101 (10), 1296-1310.

Maredia, M.K., Reyes, B., Ba, M.N., Dabire, C.L., Pittendrigh, B., Bello-Bravo, J., 2018. Can mobile phone-based animated videos induce learning and technology
adoption among low-literate farmers? A field experiment in Burkina Faso. Inf. Technol. Develop. 24 (3), 429-460.

McKinsey Global Institute (2019). Digital India. Accessed from https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%
20Insights/Digital%20India%20Technology%20to%20transform%20a%20connected%20nation/MGI-Digital-India-Report-April-2019.pdf [Accessed on 25 Feb.
2021].

Meera, S. N., Jhamtani, A., Rao, D. U. M., 2004. Information and communication technology in agricultural development: A comparative analysis of three projects
from India. Network Paper No, 135.

Melkote, S.R., 1988. Agricultural extension and the small farmer: revealing the communication gap in an extension project in Kenya. J. Develop. Areas 239-252.

Mittal, S. (2012). Modern ICT for agricultural development and risk management in smallholder agriculture in India (working paper no. 3). Mexico, DF: CIMMYT.

Molua, E.L., 2002. Climate variability, vulnerability and effectiveness of farm-level adaptation options: the challenges and implications for food security in
Southwestern Cameroon. Environ. Dev. Econ. 7 (3), 529-545.

Nesheim, I., Barkved, L., Bharti, N., 2017. What Is the role of agro-met information services in farmer decision-making? uptake and decision-making context among
farmers within three case study villages in Maharashtra, India. Agriculture 7 (8), 70. https://doi.org/10.3390/agriculture7080070.

Ohlan, R. (2012). Performance and Suitability of Growing Crops in Haryana: District-level Analysis. Available at SSRN 2798010. http://eands.dacnet.nic.in/
Publication12-12-2012/2314agr-april2/2314-1.pdf.

Pannell, D.J., Marshall, G.R., Barr, N., Curtis, A., Vanclay, F., Wilkinson, R., 2006. Understanding and promoting adoption of conservation practices by rural
landholders. Aust. J. Exp. Agric. 46 (11), 1407-1424.

Raghuprasad, K., Bharatesh, M., Dechamma, S., Devaraj, K. (2016). Attitude of Farmers About Use of ICT Tools in Farm Communication. No. 3305836, Proceedings of
International Academic Conferences. International Institute of Social and Economic Sciences.

Roncoli, C., Ingram, K., Kirshen, P., 2002. Reading the rains: local knowledge and rainfall forecasting in Burkina Faso. Soc. Nat. Resour. 15 (5), 409-427.

Salite, D., 2019. Traditional prediction of drought under weather and climate uncertainty: analyzing the challenges and opportunities for small-scale farmers in Gaza
province, southern region of Mozambique. Nat. Hazards 96 (3), 1289-1309.

Saxena, R., Gupta, K.C., Mathur, P., 2015. Economic impact analysis of weather based agromet advisories on crops under climate change scenario. J. Progr. Agric. 6
(1), 100-102.

Shiang-Yen, T., Wei, L. H., Osman, M. A., & Malim, N. (2012). Exploring the potential of applying information and communication technology among the farming
community in Malaysia. 2, 842-845.

15


http://refhub.elsevier.com/S2212-0963(21)00050-4/h0005
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0005
https://doi.org/10.1016/j.ijinfomgt.2010.07.008
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0015
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0015
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0020
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0035
https://doi.org/10.1111/agec.12181
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0045
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0045
https://doi.org/10.1016/j.worlddev.2019.06.020
https://doi.org/10.1016/j.worlddev.2019.06.020
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0060
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0080
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0080
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0085
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0085
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0090
https://doi.org/10.1093/wber/lhr056
https://doi.org/10.1093/wber/lhr056
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0110
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0115
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0120
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0120
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0140
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0140
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0150
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0150
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0155
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0165
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0165
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0180
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0190
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0190
https://doi.org/10.3390/agriculture7080070
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0205
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0205
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0215
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0220
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0220
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0225
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0225

U. Sharma et al. Climate Risk Management 33 (2021) 100321

Soyemi, J., Adesi, A.B., 2018. A Web-based Decision Support System with SMS-based Technology for Agricultural Information and Weather Forecasting. Int. J. Comp.
Appl. 180 (16), 1-6.

Stigter, C.J., 2011. Agrometeorological services: Reaching all farmers with operational information products in new educational commitments (No. 104). World
Meteorological Organization.

Vashisth, A., Singh, R., Das, D.K., Baloda, R., 2013. Weather based agromet advisories for enhancing the production and income of the farmers under changing climate
scenario. Int. J. Agric. Food Sci. Technol. 4 (9), 847-850.

Wang, D., Cai, X., 2009. Irrigation scheduling—role of weather forecasting and farmers’ behavior. J. Water Resour. Plann. Manage. 135 (5), 364-372. https://doi.org/
10.1061/(ASCE)0733-9496(2009)135:5(364).

Wood, S.A,, Jina, A.S., Jain, M., Kristjanson, P., DeFries, R.S., 2014. Smallholder farmer cropping decisions related to climate variability across multiple regions.
Global Environ. Change 25, 163-172. https://doi.org/10.1016/j.gloenvcha.2013.12.011.

Wyche, S., Steinfield, C., 2016. Why don’t farmers use cell phones to access market prices? technology affordances and barriers to market information services
adoption in Rural Kenya. Inf. Technol. Develop. 22 (2), 320-333. https://doi.org/10.1080/02681102.2015.1048184.

Zuma-Netshiukhwi, G., Stigter, K., Walker, S., 2013. Use of traditional weather/climate knowledge by farmers in the South-western Free State of South Africa:
Agrometeorological learning by scientists. Atmosphere 4 (4), 383-410.

16


http://refhub.elsevier.com/S2212-0963(21)00050-4/h0235
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0235
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0245
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0245
https://doi.org/10.1061/(ASCE)0733-9496(2009)135:5(364)
https://doi.org/10.1061/(ASCE)0733-9496(2009)135:5(364)
https://doi.org/10.1016/j.gloenvcha.2013.12.011
https://doi.org/10.1080/02681102.2015.1048184
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0265
http://refhub.elsevier.com/S2212-0963(21)00050-4/h0265

	Do phone-based short message services improve the uptake of agri-met advice by farmers? A case study in Haryana, India
	1 Introduction
	2 Background
	3 Empirical studies on provision of agriculture advice through SMS
	4 Empirical studies on agri-met advisories (of India Meteorological Department) through SMS
	5 Methods
	5.1 Study area
	5.2 Study design: experimental design, sampling and data collection
	5.3 The intervention
	5.4 Description of variables
	5.5 Hypotheses
	5.6 Methods of data analysis

	6 Results
	6.1 Farmer’s compliance with advisory based on crop-growth cycle
	6.2 Farmer’s compliance with advisory based on weather forecast
	6.3 Farmer’s utilization of rainfall forecast information in advisory for irrigation
	6.4 Effect of SMS-based agri-met advisory on per-acre yield

	7 Discussion
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


