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1 Indigenous people’s responses to drought in northwest Bangladesh
2
3 Abstract
4
5 Bangladesh is highly disaster-prone, with drought being a major hazard which significantly 
6 impacts water, food, health, livelihoods, and migration. In seeking to reduce drought 
7 vulnerabilities and impacts while improving responses, existing literature pays limited 
8 attention to community-level views and actions. This paper aims to contribute to filling in this 
9 gap by examining how an indigenous group, the Santal in Bangladesh’s northwest, responds 

10 to drought through local strategies related to water, food, and migration which in turn impact 
11 health and livelihoods. A combination of quantitative data through a household survey and 
12 qualitative data through participatory rural appraisal is used. The results suggest that the Santal 
13 people have developed and applied varied mechanisms for themselves to respond to drought. 
14 The categories of responses found are water collection and storage, crop and livestock 
15 selection, and migration. These responses might not be enough to deal with continuing 
16 droughts, yielding lessons for Bangladesh and beyond.
17
18 Keywords
19
20 Barind Tract; disasters; disaster risk; participatory rural appraisal; Santal
21
22 1. Introduction
23
24 Bangladesh is highly disaster-prone due to long-standing vulnerabilities to a multitude 
25 environmental hazards which continually affect the country (e.g. Ahmed, 2015ab). One of 
26 Bangladesh’s major hazards is drought (Paul, 1998; Shahid, 2008), manifesting in all forms 
27 defined in the literature (Wilhite and Glantz, 1985) including rainfall deficit, groundwater 
28 abstraction, local demand exceeding supply, and climate variability including climate change 
29 (Habiba, 2012; Habiba et al., 2014; Selvaraju et al., 2006; Shahid and Kumar, 2010). Droughts 
30 in Bangladesh over the last few decades have substantially impacted water availability, food, 
31 health, livelihoods, and migration (Habiba et al., 2014; Islam et al., 2017; Paul, 1998; Shahid 
32 and Behrawan, 2008).
33
34 Despite recognising Bangladesh’s drought hazards and vulnerabilities, existing literature pays 
35 limited attention to community-level views of and actions for responding to drought. Plenty is 
36 published on drought and drought impacts in Bangladesh (e.g. Dey et al., 2011; Karim et al., 
37 1990; Paul, 1998; Shahid and Kumar, 2010), including the most drought-prone area of the 
38 country in the northwest. Limited work (e.g. Islam et al., 2017) examines what people in these 
39 communities think about and do regarding droughts, apart from non-indigenous and farmers’ 
40 perspectives (Alam, 2015; Habiba et al. 2012, 2014; Mardy et al., 2018).
41
42 Based on indigenous peoples’ wishes, no formal definition has been adopted in international 
43 law of “indigenous”, instead focusing on groups who self-define as indigenous with 
44 characteristics highlighting having settled a location first and now being a minority with 
45 distinctive characteristics (Asia Pacific Forum of National Human Rights Institutions and the 
46 Office of the United Nations High Commissioner for Human Rights, 2013; ILO, 1989). With 
47 this approach, over 54 indigenous peoples groups live in Bangladesh comprising 1.6-5.0 
48 million people, a small minority of the country’s total population (IWGIA, 2018) who have 
49 typically been excluded from disaster-related work.
50
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51 This paper aims to contribute to filling in this gap by examining how the Santal, an indigenous 
52 group in Bangladesh’s northwest, respond to drought through local strategies. The Santal are 
53 labelled as one of the oldest indigenous groups in Bangladesh, comprising less than 0.1% of 
54 the country’s population, and assumed to have been originally nomadic, but their history 
55 continues to be debated in the literature especially with regards to their past migration patterns 
56 and changes to identity (Khan, 2017; Knight, 2014; Sarker et al., 2016). Bangladesh’s 
57 northwest has never before been studied regarding detailed indigenous drought response 
58 strategies, so the drought literature for Bangladesh provides a useful framework of three main 
59 categories of responses based on impacts seen (Ahmad et al., 2014; Alam, 2015; Selvaraju et 
60 al., 2006; Shah et al., 2006) which are food, water, and migration. These three categories are 
61 linked by health and livelihoods. Food, with nutrition impacting health, is produced through 
62 local livelihoods such as cultivation (e.g. rice crops) and livestock farming of mainly 
63 domesticated animals (e.g. cows, goats). Water is essential for these food-related livelihoods 
64 while water-borne disease is a major health concern in the region. Migration provides 
65 alternative livelihoods but also impacts health due to poor living conditions experienced during 
66 migration to megacities like Dhaka or other urbanised locations within the country. These 
67 drought impacts in Bangladesh from the literature (water, food, and migration then linking with 
68 health and livelihoods) will be examined here in terms of Santal responses.
69
70 2. Drought in the Barind Tract
71
72 The Barind Tract, an agrarian upland in northwest Bangladesh, covers most of Dinajpur, 
73 Rangpur, Pabna, Rajshahi, Bogra, and Joypurhat districts of Rajshahi and Rangpur divisions 
74 (Figure 1). Much of the Barind Tract is over 20 metres above sea level, placing it higher than 
75 most of the rest of the country (Khan, 1991). Rainfall in Bangladesh ranges from as high as 
76 5,000 mm/year in the northeast to under 1,500 mm/year in the west, with a discernible west-
77 to-east trend (Figure 1). The Barind Tract region is located in the low-rainfall area of the 
78 northwestern part of the country, considered to be drought-prone.
79
80 Figure 1: Rainfall in Bangladesh including the Barind Tract (produced by the authors).
81
82 Droughts in this region are (i) meteorological (Mondol et al., 2017) resulting from variable 
83 rainfall and higher temperatures in the dry season leading to high evapotranspiration losses and 
84 (ii) hydrological (Paul, 1998; Habiba, 2012) resulting from sustained depletion of groundwater 
85 (Figure 2) due to intensive dry-season irrigation for high-yielding ‘Boro’ rice cultivation to 
86 meet increasing demand for food and water supplies (Shamsudduha et al., 2009, 2012).
87
88 Figure 2: Groundwater levels in Naogaon, northwestern Bangladesh compared to the rest of 
89 the country (produced by the authors from Bangladesh Water Development Board data).
90
91 One of the main characteristics of meteorological droughts in the Barind Tract is the short 
92 duration of monsoon rainfall. Every year, this area experiences a dry season of up to seven 
93 months starting in November. The usual rainy season for the Barind Tract lasts from late April 
94 or early May to October, but due to long spells of dry weather, the seasonal rainfall is often 
95 insufficient for increasing soil moisture or for fully replenishing shallow groundwater, 
96 especially as the air temperature often exceeds 40ºC leading to increased evapotranspiration 
97 losses (Shamsudduha et al., 2009; Hassan, 2012).
98
99 The national water policy of Bangladesh’s government encouraged groundwater development 

100 for irrigation both in the public and the private sectors. A government poverty alleviation 
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101 programme introduced a special groundwater-based irrigation project in the Barind Tract called 
102 the “Barind Integrated Area Development Project” under the Bangladesh Agricultural 
103 Development Corporation (BADC). In 1990, the project was successfully completed and, 
104 following a review by the Ministry of Agriculture of Bangladesh, a separate authority was 
105 formed in 1992 named the “Barind Multipurpose Development Authority” (BMDA). 
106 Numerous groundwater-fed irrigation projects were conducted in the Barind Tract under the 
107 supervision of and with consultation by BMDA that accelerated groundwater use, leading to a 
108 Green Revolution in the 1990s (Sala and Bocchi, 2014).
109
110 Although around 5,320 km2 of the Barind Tract’s 7,730 km2 is cultivable, in recent decades, 
111 water has apparently become scarcer, leading to increased (or increased reports of) food 
112 scarcity, malnutrition, and livelihood insecurity (Alauddin and Sarker, 2014; Faisal et al., 2005; 
113 Habiba et al., 2012, 2014). Following BMDA’s creation, around 6,000 deep tubewells (DTW; 
114 high capacity pumps bringing 50-60 litres per second) were installed in the area. Additionally, 
115 about 66,000 shallow tubewells (STW; 10-15 litres per second) were installed by the private 
116 sector before the year 2000 for exploiting groundwater for irrigation, while the number of 
117 shallow tubewells after 2005 increased rapidly, meaning higher use of shallow groundwater in 
118 this region (Faisal et al., 2005; Haque, et al., 2000; Asaduzzaman and Rushton, 2006). 
119 Currently, main rivers and channels of the area dry up during the dry season, making the people 
120 depend completely on groundwater, further stressing Barind Tract aquifers.
121
122 Prolonged absence of groundwater within the operating range of shallow tubewells during the 
123 dry season is common (BADC, 2002; Bari and Anwar, 2000). Shamsudduha et al. (2009) and 
124 Ahmad et al. (2014) concluded that the use of STWs for shallow groundwater for irrigation in 
125 the Barind Tract is unsustainable as the water table in many areas is now beyond the suction 
126 limit (~8 metres below ground level) of commonly used pumps. Rahman and Roehrig (2006) 
127 examined water balance for the Barind Tract with a numerical groundwater model, showing 
128 that increased irrigation means that drawdown exceeds the recharge rate.
129
130 Existing literature pays limited attention to understanding strategies used by indigenous 
131 peoples in Bangladesh for dealing with these challenges which contribute to drought. Studies 
132 typically focus on drought impacts on agriculture (Karim et al., 1990; Saleh et al., 2000), food 
133 production (Ericksen et al., 1993), land degradation (Karim and Iqbal, 2001), the economy 
134 (Ericksen et al., 1993; World Bank Bangladesh, 2000), and livelihoods (Selvaraju et al., 2006) 
135 separately. Habiba et al. (2011ab) describe an approach called socioeconomic, institutional, 
136 and physical (SIP) which helps to measure drought resilience at the institutional level, but they 
137 do not address local or indigenous knowledge for response strategies.
138
139 Without mentioning indigenous peoples or their knowledge, Ahmed and Chowdhury (2006) 
140 discuss approaches for dealing with drought in northwest Bangladesh, including pond and lake 
141 excavation, retaining rainwater in small canals, shedding, tillage and breaking top soil, deep 
142 tube well irrigation, changing crops and livestock, and changing livelihoods such as increasing 
143 poultry rearing. Alauddin and Sarker (2014) similarly showed that improved crop culture 
144 practices and efficient surface-water irrigation infrastructure, rather than more dependency on 
145 groundwater, are important for dealing with drought.
146
147 Also in northwest Bangladesh, Alam (2015) and Habiba et al. (2012) investigated non-
148 indigenous farmers’ experiences of and responses to drought. From Alam (2015), those with 
149 more farming experience, better education, more secure land tenure and rights, better access to 
150 utilities, and more climate awareness are more likely to be able to deal with drought. According 
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151 to Habiba et al. (2012), farmers perceive a changed climate in recent years and also drought as 
152 the most prevalent hazard for them, which emerges from groundwater depletion, variation of 
153 rainfall and temperature, lack of canal and river dredging (which reduces water body surface 
154 area as siltation occurs), a higher population, and deforestation.
155
156 Using such work as a baseline, a major gap emerges in understanding indigenous experiences 
157 of and responses to drought, a gap which this paper aims to fill.
158
159 3. Methods
160
161 In this research, a mixed methods strategy was applied by collecting primary community-level 
162 data incorporating both quantitative (household questionnaire survey) and qualitative (focus 
163 group discussions) research methods (Roelen and Camfield, 2015). The reason is that it is not 
164 always possible to capture the overall scenario of a community by applying merely a single 
165 social science research strategy (e.g. Ahmed, 2015ab). For example, through questionnaire 
166 surveying, it is possible to quantify some demographic and economic information of a 
167 household such as sex, age, education level, main livelihoods, and monthly income and 
168 expenses; however, it is not possible to identify the surrounding natural resources, land use, 
169 and infrastructure, nor is it possible to record the historical evolution and coping mechanisms 
170 of a community. For such information, focus group discussions (FGD) implementing 
171 participatory rural appraisal (PRA) tools like social and resource maps, transect maps, and 
172 timeline diagrams are more relevant (Chambers, 1994, 2002; Kumar, 2002). PRA is generally 
173 described as a growing body of methods to enable local people to share, enhance, and analyse 
174 their knowledge of life and conditions to plan, act, monitor, and evaluate.
175
176 In Bangladesh, PRA tools are being used frequently to facilitate disaster-related research and 
177 action in communities. For instance, Ahmed (2015ab) applied similar techniques proposed here 
178 for addressing landslide vulnerabilities. For the Santal, PRA approaches have been applied for 
179 ethnographic study by Akan et al. (2015) and for understanding the role of women in the 
180 community by Islam (2010). Islam et al. (2017) used PRA work to explore using traditional 
181 and local knowledge to identify and deal with droughts in northwest Bangladesh.
182
183 Here, three sets of research processes were run. First, a household survey was completed, with 
184 details provided in Section 4. A semi-structured, partly open-ended questionnaire was 
185 completed yielding quantitative and qualitative data, highlighting issues and challenges related 
186 to Santal drought responses; policy level challenges to improving drought response; and how 
187 to apply known good practices and limitations of doing so. The questionnaire was piloted and 
188 tested in the field in January 2017 before conducting the final fieldwork in March 2017, from 
189 which the data here are reported. Five enumerators conducted the survey supervised by the 
190 project team leader. To ensure the consistency, reliability, and validity of the results, all the 
191 field surveyors were trained and given background information prior to visits to the study area.
192
193 Second, a series of PRA tools (Table 1) was applied through FGDs to prepare the participatory 
194 maps and diagrams. The average number of participants in each focus group was 8-10 and they 
195 included both male and female participants. Two project team members and one field assistant 
196 from the project team helped in conducting the FGDs. Each FGD was arranged for a previously 
197 agreed time and suitable location within each community. The participants were provided with 
198 all materials. In some cases, the participants were divided into men-only and women-only 
199 groups, in order to understand gendered experiences. The facilitators described the tools and 
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200 then the participants completed their tasks. The maps and diagrams were digitized afterwards 
201 by the research team.
202
203 Table 1: PRA tools applied

Main issues Specific tools General tools
Daily activity schedule.
Seasonal diagram.
Cropping calendar.

Profile of villagers 
and agricultural 
patterns.

Historical timeline.
Transect walk.
Mobility map.
Resource map.
Organizational linkage diagram 
(Venn diagram).

Access to and control 
over resources.

Social map.
Pairwise ranking.
Strength-Weakness-Opportunity-
Threats (SWOT) analysis.

Constraints, 
problems, and 
opportunities.

Cause-effect diagram.

Review of secondary data.
Reconnaissance survey.
Semi-structured interviews.
Household interviews.
Focus group discussions.

204
205 Third, a regional workshop was held in August 2017 at Rajshahi University of Engineering 
206 and Technology (RUET) to cross-validate and triangulate the results (Chambers, 2002). Adult 
207 males and females from the surveyed villages, university teachers and students, local 
208 representatives, key informants, experts, and governmental officials took part in the workshop. 
209 An agenda was sent in advance indicating that preliminary results are to be presented formally; 
210 then a round table discussion takes place; and then aspects of further interpretation and 
211 reasoning are explored.
212
213 All fieldwork took place from January to March 2017. The surveys, interviews, and FGDs were 
214 conducted in the Bangla language (Bengali) by native speakers with a population of native 
215 speakers of the language. As the study involved human participants, it went through 
216 institutional ethics approval and risk assessment. The respondents were provided with a project 
217 information sheet or explained the material verbally, with either written or oral informed 
218 consent being given before the surveying or participation. An SPSS database was prepared 
219 from the household questionnaire survey that was used for generating and analysing statistics.
220
221 In the next two sections, the results and discussion are joined in order to report material which 
222 is directly relevant for each drought response strategy. First, the case study area is described 
223 and analysed using data from the household surveys and observations. Second, the drought 
224 response strategies are described and analysed in the three main categories from the literature 
225 (Ahmad et al., 2014; Alam, 2015; Selvaraju et al., 2006; Shah et al., 2006) of food, water, and 
226 migration linking to health and livelihoods.
227
228 4. Case study area
229
230 The case study area is in Porsha Upazila (an upazila is a sub-district) of the Naogaon District 
231 of Bangladesh. Naogaon is located in the northwest region of Bangladesh (Figure 3a), 240 km 
232 northwest from the capital Dhaka). Porsha Upazila (Figure 3b) is in the northwest corner of 
233 Naogaon District, bordered by India. In this area, the three villages (Figure 3c) of Khatirpur, 
234 Bondhupara, and Natunpara were selected because they are indigenous communities in some 
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235 of the most drought-prone areas of Bangladesh. They are surrounded by agricultural land with 
236 the study area covering approximately 0.56 km2 and located between 88°28'43" east and 
237 88°29'18" east in longitude and 24°56'08" north and 24°56'45" north in latitude.
238
239 Figure 3: Case study area of Porsha Upazila (produced by the authors).
240
241 The Santal in this area aim to preserve their indigenous culture, identity, and lifestyle, but are 
242 experiencing major social and environmental changes compared to previous centuries (Samad, 
243 2006; Sarker et al., 2016). Livelihoods are based mostly on agriculture, farming, and paid 
244 labour but include small-scale freshwater fishing. The people feel geographically isolated, 
245 experiencing only marginal participation in the social and economic life of the surrounding 
246 area.
247
248 According to the Bangladesh Bureau of Statistics (BBS, 2013), the entire Chhaor Union (a 
249 union is the lowest electoral unit in Bangladesh) has 175 households with 676 inhabitants, 
250 yielding an average household size of 4 people. Most households (29%) comprise 3 people. 
251 48% of the population are male and 52% are female, of whom about 11% are widowed or 
252 divorced (the governmental survey did not consider this rate for men). In this area according 
253 to BBS (2013), about 87% of people are Muslim, 2.5% are Hindu, 9.1% are Christian, and 
254 0.8% are Buddhist.
255
256 The field investigation yielded different numbers, partly because no extrapolation was made, 
257 as occurs for the governmental survey, and partly because this study covered three villages of 
258 Chhaor Union rather than the entire Union. The total number of households in the case study 
259 area is 100 of which 60 sample households were chosen for the survey through simple random 
260 sampling. 95% are indigenous Santal people, with 95% involved in agricultural livelihoods 
261 including as labourers and subsistence farmers, generally working land which they lease from 
262 the landlord owners. Almost all are Christians, primarily Catholic, having been Hindu before 
263 with some elements of Hinduism still present (Akan et al., 2015).
264
265 The education rate in the study area is low being only 57%, with the rest of the people not being 
266 functionally literate. 53% of males and 60% of females are listed as being literate. Out of the 
267 34% of the population who are 14 years old or younger, 53% attend school, of whom 46% are 
268 male and 54% are female (BBS, 2013). The FGD based PRA sessions provided a different 
269 picture, indicating that most of the Santal people are not functionally literate and lack 
270 opportunities for formal education. Instead, Santal children help with their parents’ agriculture 
271 (boys) or household (girls) related work, so following traditional gender roles. The importance 
272 of education was rated low.
273
274 Mud houses dominate in the study area (85%) and they are generally rectangular with lengths 
275 of 6.0-9.0 metres and widths of 3.0-4.5 metres. They often have palm tree leaves as roofing 
276 material (also corrugated iron sheets). Since palm trees can live with limited water, this material 
277 indicates an adaptation to a water-deficit area. Mud houses are traditional in this area for poor 
278 families, being usually one or two storeys high and each house typically being used by one 
279 family. The local people explained that the mud house is long-lasting and comparatively cooler 
280 during the hot months of mid-April to mid-June.
281
282 BBS (2013) suggests that 80% of households own their own houses; 3% are rented; and the 
283 remaining 17% reside on land owned by others. The field survey here indicated that 97% of 
284 the Santal people do not own agricultural land, even when they own their house. The apparent 
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285 difference arises because the Santals mostly live in tiny villages where they own their houses, 
286 but the villages are surrounded by vast agricultural fields which are mostly owned by some 
287 local influential people or landlords. The landlords typically sublease their agricultural lands 
288 to the Santal. Because DTWs improved water availability, agricultural production has been 
289 augmented while permitting multiple crops each year and rearing livestock simultaneously. 
290 Food availability and livelihood options for the Santal have thus expanded, improving their 
291 conditions, but not improving land ownership or access.
292
293 About 91% of the female population are engaged in household work while, among the 
294 employed male population, 83% are involved in the agricultural sector and 17% in the service 
295 sector such as pulling rickshaws, driving vans, selling consumer items, working in schools, and 
296 working with non-governmental organisations (BBS, 2013). No industry is listed for this area, 
297 confirmed during the fieldwork. The field investigation also confirmed that the Santal 
298 livelihoods in this area are based mainly on agriculture, both crops and livestock. More than 
299 80% of Santal men and women find livelihoods in agricultural day labour, wage labour, and 
300 livestock rearing and driving (with non-indigenous Bangladeshis owning the farms) while the 
301 females also take care of the household. Agriculture dominates income sources, with two-thirds 
302 of the population deriving more than fourth-fifths of their income from agriculture.
303
304 5. Results and discussion: Responses to drought in northwest Bangladesh
305
306 5.1. Water collection and storage
307
308 Traditionally, according to the daily activity schedule and resource maps, people in the case 
309 study area used ponds and other surface water sources for drinking water and other domestic 
310 water uses, such as cooking, dish washing, bathing, cleaning, and livestock management. The 
311 resource maps (Figures 4a,b) show the locations of the ponds in the communities. Khatirpur 
312 and Bandhupara communities have a single pond inside the community whereas Notunpara 
313 community has four ponds inside the community boundary. When drinking water came from 
314 the ponds, water-borne diseases such as cholera and dysentery were common. People would 
315 get sufficient water only from May to July when rainfall is abundant, whereas March and April 
316 tend to be dry.
317
318 Figure 4: Resource Map of Study Area (Bandhupara Khatirpur and Notunpara) Under Chhaor 
319 Union in Naogaon District: Figure 4a from women, Figure 4b from men (produced by the 
320 participants).
321
322 From 1990-2000, the water situation changed. The people recognised that the surface water 
323 sources were being depleted, with rainfall pattern changes perceived to be a factor, but 
324 increased use likely contributed too, especially since BMDA had established a large number 
325 of deep-set STWs with a suction head of around 13.5 metres. Groundwater became the 
326 principal source of water, especially for drinking, although the ponds continued to be needed 
327 for other domestic water use. Water-related diseases dropped substantially with the people now 
328 saying that they are 100%-free from them. While arsenic and salinity contamination in drinking 
329 water is a concern for Bangladesh (Abedin et al., 2014), the aquifers of the Barind Tract display 
330 amongst the lowest arsenic concentrations in the country (Smedley and Kinniburgh, 2002).
331
332 In 2008, STWs started failing, as the suction head went beyond their reach. BMDA started 
333 establishing DTWs initially with a suction head of about 17.5 metres. Around 2014, with the 
334 gradual rise in irrigation water demand, the work efficiency of the DTWs was reduced to 70% 
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335 as the groundwater table went below 24 metres. At present, DTWs are almost non-functioning 
336 as the water suction head has gone beyond 30 metres.
337
338 The timelines revealed regular “summer” water problems until 2012, first due to ponds and 
339 other surface water drying up, but then after 2000, as the groundwater level fell, leading to a 
340 lower discharge rate from the DTWs. During the rainy season, the ponds’ depth of water 
341 remains 3-4 metres which is suitable for all domestic water use. During the “summer”, the 
342 ponds’ depth of water becomes one-third of this value, so perhaps only one metre. At this 
343 shallow depth, the pond water becomes polluted, dirty, and unusable while some of the ponds 
344 have such low levels that fish cultivation becomes impossible. Only one pond from Notunpara 
345 remains active and the rest of the ponds from Notunpara as well as those in Bandhupara and 
346 Khatirpur become non-functional. Then, everyone from these three communities depends 
347 solely on the only active pond in Notunpara meaning that most people have farther to walk to 
348 get water for domestic use and so their water collection time increases.
349
350 The local Christian Missionary installed a DTW (the one within the Christian community’s 
351 boundaries in Figure 4) in 2012 which now serves the surrounding local population, so fewer 
352 people have been experiencing a water crisis in the “summer”. The surveys and timelines 
353 reported that, before 2012, 100% of the population had water problems in the “summer”, but 
354 after 2012, only 35% did, mainly those beyond the access to the Christian Missionary’s DTW. 
355 Before 2015, however, the drinking water was free, but now each household must pay BDT 20 
356 per month (BDT is Bangladeshi Taka; 1 BDT ≈ 0.012 USD during this research) for drinking 
357 water which the Christian Missionary charges to offset the electricity costs for the pump. 
358 Nonetheless, it was said that those who do not pay the fee tend to be permitted to use the well.
359
360 2017 brought water crises in tandem with changing understandings of seasons. Traditionally, 
361 the “summer” would be from mid-March until early June, effectively the dry season until the 
362 monsoon comes. The monsoon or rainy season would then be from June until mid-August 
363 when the intense rains would stop. These timings have been shifting and becoming less reliable. 
364 For example, the interviewees stated that they could not plant the paddy rice during the regular 
365 season in 2017 due to lack of water, but they were able to plant later in the year.
366
367 For collecting water for domestic use, the survey data reveal households rely on female 
368 members. 79% of respondents said that the drinking water for their household is collected by 
369 a female member. The rest stated that both male and female members collect the water. The 
370 mobility maps prepared by the male and female participants revealed that women walk to 
371 collect drinking water mainly two times a day, at 8 am and 2 pm.
372
373 The household survey shows a change in drinking water collection time, defined as travel time 
374 both ways plus waiting and collection time which is not usually significant. From 1960-1990, 
375 the women’s average water collection time was 15 minutes. From 2012, drinking water 
376 collection time increased to 20 minutes, although in some extreme cases the collection time 
377 extended to 30 minutes. As expected, the time varies according to the distance of households 
378 from the water collection point.
379
380 The average distance for walking to collect drinking water has increased over time. From 1960-
381 2010, the average distance for collecting water was 100-200 metres. At present, the average 
382 distance has increased to 350-500 metres. The reason behind the increasing distance for 
383 collecting drinking water is that many water points have deteriorated and become obsolete, 
384 seemingly from overuse because so many households were going to a single source. The 
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385 witnessed drought problems therefore appear to be more due to consumption patterns rather 
386 than due to rainfall variation.
387
388 The situation is similar for domestic water use other than for drinking (Table 2). Collection 
389 time for water for non-drinking domestic use has increased significantly as the ponds have 
390 dried up. During the rainy season, 53% of respondents spend 5-10 minutes collecting water for 
391 non-drinking domestic use while about 8% spend more than 20 minutes. During the dry season, 
392 times and distances for collecting water for non-drinking domestic use increase as the ponds’ 
393 levels decline. Over the decades, people report faster drying of the ponds and lower water 
394 levels, meaning increased times and distances for collecting water for non-drinking domestic 
395 use.
396
397 Table 2: Availability of water for domestic use

Parameter Monsoon Summer Remarks
Water depth of 
ponds.

3-4 metres 1-1.5 metres In the “summer”, water depth 
decreases and water becomes 
unsuitable for domestic use.

Fish cultivation. Yes No The depth of pond water in summer is 
unsuitable for fish cultivation.

Collection time for 
water for non-
drinking domestic use.

5-10
minutes

15-30
minutes

Collection distance for 
water for non-
drinking domestic use.

100-200
metres

400-500
metres

In the “summer”, non-drinking 
domestic water collection distance 
increases. It imposes mental and 
physical stress on women and 
children as they try to carry as many 
pots as possible to reduce the travel 
frequencies.

Mode Walking Walking Women and children have to walk 
longer distances in hot temperatures 
during the “summer” which imposes 
physical and mental stress on them.

398
399 People reported collecting water typically twice a day. From the household survey, people use 
400 mainly clay pitchers for storing drinking water and water for other domestic uses, covering 
401 over any storage facility to prevent evaporation. Other storage containers include plastic jugs, 
402 buckets, and mugs, with mud pitchers being traditional but less frequently used now. Rainwater 
403 is collected and stored, including for drinking, but the people reported perceptions that rainfall 
404 intensity and frequency have decreased over the years, meaning that opportunities for 
405 collecting rainwater are increasingly limited.
406
407 A standard pitcher equals approximately ten litres. According to this estimate, around 64% of 
408 the households consume one pitcher (ten litres) of water per day for drinking. Current water 
409 consumption for non-drinking domestic use varies markedly in different seasons. In general, 
410 the demand for domestic water use for cooking, cleaning, and washing does not vary much, 
411 but it changes substantially for other purposes such as livestock management. For example, 
412 during the “summer”, cattle are bathed once a week compared to twice a week at other times. 
413 The change during the “summer” also helps to minimise travel time during the hottest months. 
414 The respondents further report a significant increase in domestic water use over past years due 
415 to increased population, more diversity of water uses, and increased use per person.
416
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417 During times of water crisis, people try to reduce their daily water consumption. They reported 
418 often using only half a pitcher per day for drinking water, so approximately five litres per 
419 household per day. They also reported travelling to more distant sources to collect water in 
420 order to try to keep their water use at the typical level. People talked about storing water for 
421 times of water shortage, but did not seem to do anything differently than the regular collection 
422 and storage in pitchers and other containers. They did comment that during these periods, they 
423 cannot even offer a single glass of water to guests during the water crisis period. Table 3 
424 summarises collection and storage of domestic water as drought responses.
425
426 Table 3: Collection and storage of domestic water as drought responses

Indicator Monsoon Summer Remarks
Collection frequency 
per day.

2 3 Increasing travel frequencies in the 
“summer” due to availability of fewer water 
points and sometimes lack of water supply in 
the targeted point. 

Amount stored. Decreases Increases Increased storage in the “summer” to try to 
reduce travel frequency and avoid 
uncertainties of getting water.

Drinking water 
consumption.

Increases Decreases

Household water use. Increases Decreases

Decreasing use to try to reduce travel 
frequency and to store more water.

Travel distance. Decreases Increases Only one pond remains active in the 
“summer”.

427
428 5.2. Crop and livestock selection
429
430 Though agriculture is their main source of income, 79% of respondents think that it is not 
431 beneficial to invest in agriculture to increase income. The seasonal calendar (Figure 5) and 
432 cropping map indicate that, usually, only four months of the year experience rainfall whereas 
433 the other eight months tend to remain dry. Crops are cultivated during only four months—
434 February, March, April, and October—so for the rest of the year, people rely on the foods 
435 produced during these months.
436
437 Figure 5: Seasonal calendar (produced by the participants).
438
439 The SWOT analysis (Table 4) further indicates why the people tend to be reluctant to expand 
440 agriculture, because the weaknesses and threats create major problems, especially relying on 
441 crops and livestock more than they do already.
442
443 Table 4: SWOT analysis of the study area by the focus groups

Strengths
1. Soil is fertile.
2. Soil is suitable for mango cultivation.
3. Productivity of crops is good.
4. Date juice is sweet.

Weaknesses
1. Water crisis.
2. Soil is hard, so a lower infiltration rate.
3. Low rainfall.

Opportunities
1. Seasonal migration.
2. Medical and school facilities.
3. Easy to go to hat/bazaar (the market).

Threats
1. Groundwater levels are decreasing due to 

surrounding DWTs.
2. Decreasing area for rice cultivation due to 

increasing mango orchards.
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3. The owners of the pond do not allow 
water extraction from the ponds.

444
445 Prior to 1970, paddy rice was the single largest crop in the study area, with livestock of buffalo 
446 and cattle being used to plough the land. Locally identified as Roghushail, Zhirashail, and 
447 Sonashail, there was one cultivation each year, mainly because irrigation water demand was 
448 too high. Given the cost of irrigation, little profit was made from paddy rice production, 
449 although it provided food to eat.
450
451 Considering both water demand and economic return, around 1992, people started to cultivate 
452 lentils as an alternative crop alongside paddy rice. Legumes improve soil aggregation, 
453 structure, permeability, fertility, and infiltration rate.
454
455 Progressively, people learned from nearby areas that guava and mango farming are more 
456 beneficial, being less labour-intensive, less water-intensive, and bringing much higher 
457 economic return. So around 2000, the Santal initiated guava and mango husbandry. At the 
458 beginning, when mango trees were being planted or are small, they cultivated paddy within the 
459 mango trees. As the trees grow bigger, they switch to mango production only. The mango trees 
460 mature enough to yield an economic return within 2-3 years after being planted and mango 
461 provides over four times the economic return compared to paddy rice cultivation (Table 5). In 
462 fact, because of the soil, mangoes from the Barind Tract are known as some of the highest 
463 quality mangoes in Bangladesh (see also Islam et al., 2017). Within five years, mango farming 
464 had become so popular that it had almost replaced traditional paddy rice cultivation, although 
465 paddy rice is still continued. New varieties of Boro rice—such as Sorna-5 and GutiSorna—are 
466 used, although the water demand for paddy rice cultivation remains high. A little income is 
467 also obtained from selling date juice and its products, which have good market value. Date 
468 trees have deep roots to extract soil moisture from deep soil rather than topsoil which is dry.
469
470 Table 5: Comparative return of agricultural crops in the study area from the focus groups
471 (In this location, 1 Bigha = 1,340 m2)

Crop Water requirement 
(m3/Bigha)

Irrigation frequency 
per crop

Irrigation cost 
(BDT/Bigha)

% of Economic 
return

Paddy 1300 10 2600 71%
Wheat 900 3 1800 102%
Beans 300 1 600 180%
Guava 85 2 170 220%
Mango 55 1 110 328%

472
473 Yet entire crop substitution would not be a solution, since rice gives different nutritional values 
474 than mango for eating. The people in the focus groups also explained that mixed cropping for 
475 drylands helps to overcome the water limitations during drought. In paddies, they cultivate 
476 some drought-tolerant rice varieties invented in Bangladesh such as BRRI DHAN-56 and 
477 BRRI DHAN-57. They also diversify to short-duration crop varieties requiring minimal water 
478 such as pulses, oil seed, guava, and mango with Table 5 showing the water cost and 
479 comparative economic return of these crops in the study area.
480
481 The fieldwork revealed a significant shift in the crops being cultivated, to diversify, to aim for 
482 higher income, and to adjust to drought conditions. The newer crops require less water, can 
483 survive dry periods, and exploit residual moisture in the soil.
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484
485 5.3 Migration
486
487 The focus group discussions indicated the importance of migration as a response to drought 
488 and expectations of drought. The people tend to prefer temporary or seasonal migration, 
489 typically migrating for 2-3 months each year due to the unavailability of work during the off-
490 season. One exception is that many young adults prefer to migrate permanently to the capital 
491 city of Dhaka. The seasonal calendar (Figure 5) indicates that migration out from the area is 
492 high from September to December, especially in December when there are few agriculture-
493 related tasks to do. People move to other areas to work at jobs such as rickshaw pulling, 
494 masonry construction, and garment making. They return in January for harvesting. Regarding 
495 April and May, the people who migrate (mostly adult males) tend to leave during the “summer” 
496 when there is a water shortage and then they return once the monsoon starts.
497
498 The household survey indicated that approximately 45% of the population migrate to nearby 
499 cities, namely Rajshahi or Naogaon, when cultivation stops. About 36% remain behind to tend 
500 to livestock, with the others involved mainly in household activities. Temporary and seasonal 
501 migration is viewed as a relatively recent activity, possibly linked to increasing drought. 
502 According to the survey, 52% of respondents believe that the scale of migration seen now 
503 started 6-10 years ago, whereas 38% stated that it is much more recent, starting just 1-5 years 
504 ago. These views could indicate a change in strategies to deal with drought, relying more on 
505 temporary migration and income diversification, whereas traditionally all strategies would be 
506 home-based.
507
508 The Government of Bangladesh (2017) recently adopted the National Plan for Disaster 
509 Management (2016-2020). This plan suggested investing intensively to deal with drought by 
510 supporting a range of measures such as drought-sensitive land use planning, food stock buffers 
511 for crises, improved use of rainwater, technologies for recharging groundwater, development 
512 of community-based warning systems, strengthening of formal institutional capacities, and 
513 promoting indigenous knowledge. This research supports this plan in providing guidelines on 
514 how indigenous knowledge might be transferred and applied for addressing drought disaster in 
515 northwest Bangladesh. It also offers alternatives, such as managed migration and more 
516 attention given to gender equity.
517
518 6. Wider applicability and conclusions
519
520 This research contributes to the literature since the Santal have never before been researched 
521 with regards to their responses to drought. The results suggest that the Santal people have 
522 developed and applied mechanisms for themselves to respond to drought, including changing 
523 crops, reducing water use, storing water, travelling farther for water, and migrating to large 
524 cities temporarily for alternative livelihoods and for reducing local water consumption. The 
525 availability of modern water supply sources installed by various NGOs and government 
526 initiatives have provided opportunities, such as reducing water-borne diseases, but have also 
527 depleted groundwater and created dependencies on external support. Thus, it has been useful 
528 to apply the framework from other drought-related research in Bangladesh covering three main 
529 categories of food, water, and migration which link directly to health and livelihoods.
530
531 This understanding of local approaches for dealing with drought hazards and vulnerabilities in 
532 Bangladesh corroborates wider literature, such as from southeastern Kenya (Fleurett, 1986) 
533 and south Peru (Moseley et al., 2017), demonstrating the challenges and opportunities which 
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534 indigenous peoples face in addressing drought locally. Transferability from the Barind Tract 
535 elsewhere and vice versa could be investigated further, especially in the context of determining 
536 the applicability and generalizability of development approaches to drought (Wilhite and 
537 Glantz, 1985) and dealing with droughts of all types through well-established development 
538 mechanisms (Kinsey et al., 1998; Rossi et al., 2005).
539
540 Certainly, if water use continues to increase along with climate variability, then no guarantee 
541 exists that indigenous responses in a particular location would suffice to deal with all the 
542 negative impacts of droughts. External approaches in tandem with indigenous knowledge (e.g. 
543 Balay-As et al., 2018; Glantz, 2003; Shaw et al., 2009) might best support drought responses. 
544 To move forward with such changes and drawing on international expertise for it, the research 
545 here provides a solid baseline for collaborating with the Santal in northwestern Bangladesh.
546
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