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Summary 
Climate change is affecting several environmental factors and together with socio-economic 
changes put high pressure on water resources. Climate change manifest itself through 
increasing temperatures and changes in precipitation patterns and intensities, with knock-on 
effects on hydrologically-relevant parameters such as water flows, evapotranspiration rates, 
glacial melt etcetera, all of which have already been observed in the recent past and are 
predicted to continue in the future. India has the world’s second largest population. The 
majority of the population live in rural areas and are dependent on climate sensitive sectors 
such as agriculture, forestry and fishery. The Indian-Himalayan region supplies 600 million 
people with water, thus future climate change impacts on the hydrological cycle in the area 
are of great interest and concern. In order to cope with these predicted impacts, there is a need 
to adapt to the changing climate. This study combines data analyses from a hydro-climatic 
modelling campaign (carried out externally to this thesis), a literature review on climate 
change effects on agriculture and opportunities to adapt to these effects and participatory 
methods bringing stakeholders and scientists together in order to co-create adaptation options 
that are suitable to minimise short- and long-term climate change impacts on the water flows 
of the Ganges and hence agriculture in the region. The study concentrates on two districts in 
the Indo-Gangetic Plain that are characterised by their high dependency on the farming sector: 
Uttarkashi (upstream Ganges, Uttarakhand) and Patna (downstream Ganges, Bihar).  
 
The analysis of hydro-climatic data based on a modelling campaign focussed on three climate 
variables that are of significance for agriculture: precipitation, temperature, and 
evapotranspiration. To characterise future climates, four climate change projections based on 
IPCC’s representative concentrations pathways (RCPs) have been chosen: RCP 2.6, RCP 4.5, 
RCP 6.0, and RCP 8.5. The impacts of these scenarios on the above listed three climate 
variables are analysed over three time periods: 2011-2040, 2041-2070, and 2071-2100, with a 
special focus on the monsoon months from June to October, as this is the main crop (rice) 
growing season. The results from the hydro-climatic modelling indicate that the maximum, 
minimum, and average temperature will be increasing over the next century in both districts. 
An increase in evapotranspiration can be seen for both districts, with a few exceptions for 
RCP scenarios 2.6, 6.0 and 8.5 in April and May in Patna, and for all RCP scenarios in April, 
May and June in Uttarkashi. An increase in maximum and average precipitation can be seen 
for most RCP scenarios and future time periods (e.g. of exceptions in average precipitation: 
RCP 4.5 and 8.5 in June and July in the period 2011-2040) during the monsoon period in 
Patna. Similarly, in Uttarkashi maximum and average precipitation increases for all three time 
periods and RCP scenarios during the monsoon months of September and August (only for 
RCP scenarios 2.6 and 8.5). For the remaining months, the precipitation patterns show great 
variability for all scenarios and both regions.  
 
The literature review resulted in a table of adaptation options, where nine out of 63 were 
considered as transformational adaptation, and enabled identification of possible climate 
change impacts on agriculture in the two districts. The minimum temperature could result in 
more severe and intense hailstorms in the future for both districts. The increase in temperature 
could lead to a prolonged growing season in Uttarkashi, whilst the increase in average and 
maximum temperature in Patna could lead to heat-stress for the crops. Furthermore, the 
increase in average and maximum precipitation could lead to more severe and intense natural 
disasters e.g. landslides in Uttarkashi and floods in Patna. Moreover, the increase in average 
evapotranspiration combined with the decrease in average precipitation during some months 
could lead to an increasing need of irrigation.  
 



Two workshops were held in the region with the aim to bring together researchers and 
stakeholders (e.g. famers) in order to jointly discuss 1) the suitability of hydrological 
modelling data for preparing the agriculture sector to a changing climate, and 2) suggest 
suitable adaptation options based on researchers’ and stakeholders’ knowledge and 
experience. Information from the first workshop was obtained by a workshop report, whilst 
information from the second workshop was obtained from the author’s own participation. The 
result from the workshop showed that the farmers had several suggestions of suitable 
adaptation options e.g. implementation of irrigation system and improved access to credit. It 
also showed that the farmers already adapted to climate change e.g. usage of short- and long-
duration variations of rice and sowing date adjustment.   
 
The combination of these results informed the suggestions for adaptation options for the two 
districts, namely the development of disaster reduction plans and early warning systems for 
weather extremes, as well as a diversification of agriculture and more generally livelihoods. 
In addition, indirect adaptation measures suggested for both districts included insurance 
schemes against yield failure, improved access to credit schemes, and right/fair market prices. 
Specific measures for each district were also suggested e.g. heat-tolerant crops in Patna and 
implementation or irrigation systems in Uttarkashi.  
 
Keywords: Climate change, water flows, Indian-Himalayan region, Ganges, adaptation, 
hydro-climatic modelling, stakeholder participatory methods  



Sammanfattning 
Klimatförändringarna påverkar åtskilliga miljöfaktorer och tillsammans med socio-
ekonomiska förändringar sätter de stort tryck på vattenresurser. Klimatförändringar 
manifesterar sig i stigande temperaturer och ändrade nederbördsmönster och 
nederbördsintensitet, med påföljande effekter på hydrologiskt relevanta parametrar så som 
vattenflöden, evapotranspirationsvärden, smältande glaciärer etcetera, vilka alla är effekter 
som redan observerats och är förutspådda att fortsätta under innevarande århundrande. 
Befolkningen i Indien är näst störst i världen. Större delen av befolkningen i Indien bor på 
landsbygden och är beroende av klimatkänsliga sektorer så som jordbruk, fiske och 
skogsbruk. Indiska Himalaya förser 600 miljoner människor med vatten, framtida effekter på 
den hydrologiska cykeln, orsakade av klimatförändringarna i området, är därför av största 
intresse. För att kunna hantera de framtida effekterna orsakade av klimatförändringarna är det 
viktigt att implementera klimatanpassningsstrategier. Den här studien kombinerar data 
analyser från en hydro-klimatisk modelleringskampanj (som är genomförd externt till det här 
arbetet), litteraturstudie över effekter på jordbruk orsakade av klimatförändringar och 
möjligheter att anpassa sig till dessa förändringar, samt involverar preferenser och kunskaper 
från intressenter inom det aktuella området för att kunna identifiera lämpliga 
klimatanpassningsstrategier. Studien har ett huvudfokus på klimatanpassning för 
jordbruksområden i två distrikt i Indien: Uttarkashi (uppströms Ganges, Uttarakhand) och 
Patna (nedströms Ganges, Bihar). 
 
Analysen av hydro-klimatisk data, baserad på en modelleringskampanj, fokuserar på tre 
klimatvariabler som är av betydelse för jordbrukssektor: nederbörd, temperatur, och 
evapotranspiration. För att kunna karakterisera framtida klimat har IPCCs fyra representativa 
koncentrationsvägar (RCPs) tagits hänsyn till: RCP 2.6, RCP 4.5, RCP 6.0, och RCP 8.5. 
Effekterna av dessa scenarier på de tre ovan listade klimatvariablerna är analyserade över tre 
framtida tidsperioder: 2011-2040, 2041-2070, 2071-2100, med ett speciellt fokus på 
monsunperioden från juni till oktober. Resultatet från analysen av hydro-klimatisk data 
indikerar en ökning under århundrandet i minimal, maximal, och genomsnittlig temperatur i 
båda distrikten. En ökning i evapotranspiration för båda distrikten kunde också identifieras, 
med några få undantag för RCP 2.6, 6.0 och 8.5 i april och maj i Patna, samt för alla RCP 
scenarier i april, maj och juni för Uttarkashi. Trender i nederbörd visar en ökning i maximal 
och genomsnittlig nederbörd för nästan alla scenarier under monsunperioden i Patna (exempel 
på scenarier där den genomsnittliga nederbörden inte ökar är RCP 4.5 och 8.5 i juni och juli 
under perioden 2011-2040). En ökning i maximal och genomsnittlig nederbörd identifierades 
i september för alla RCP scenarier och framtidsperioder, samt i augusti för RCP 2.6 och 8.5 i 
Uttarkashi. Kvarvarande månader visar på stor variabilitet i nederbörd för alla scenarier i båda 
distrikten.   
 
Litteraturstudien resulterade i en tabell med klimatanpassningsstrategier, där nio av 63 ansågs 
vara transformerande, samt identifierade möjliga effekter på jordbruket i de två distrikten 
orsakade av klimatförändringar. Ökningen i minimal temperatur kan leda till mer allvarliga 
och intensifierade hagelstormar i framtiden. Temperaturökningen kan i Uttarkashi leda till 
förlängd odlingssäsong medan ökningen i genomsnittlig och maximal temperatur kan leda till 
värmestress på grödorna i Patna. Vidare gäller att ökningen i maximal och genomsnittlig 
nederbörd kan leda till mer allvarliga naturkatastrofer i framtiden som exempelvis jordskred i 
Uttarkashi och översvämningar i Patna. Ökningen i evapotranspiration kombinerat med 
minskningen i genomsnittlig nederbörd under vissa månader skulle kunna leda till ett ökat 
bevattningsbehov.  
 



Två ”worskhops” anordnades i regionen med målet att sammanföra forskare och intressenter 
(exempelvis bönder) för att gemensamt diskutera 1) lämpligheten av användandet av 
hydrologiskt modellerad data för att förbereda jordbruket på klimatförändringar, och 2) 
föreslå lämpliga klimatanpassningsstrategier baserat på forskarnas och intressenternas 
kunskap och erfarenheter. Informationen från den första workshopen erhölls genom en 
workshoprapport, medan informationen i den andra workshopen erhölls genom författarens 
eget deltagande i workshopen. Resultatet från workshopen visade på att bönderna hade 
flertalet egna föreslag vad gäller lämpliga klimatanpassningsstrategier så som exempelvis 
implementerande av bevattningssystem och ökade kreditmöjligheter. Bönderna hade även 
börjat anpassa sig till klimatförändringar genom exempelvis ha lång- och korttids variationer 
av ris samt att de hade flyttat på datumet för sådden.  
 
Kombinationen av hydro-klimatisk data, litteratur och intressentpreferenser och kunskap 
möjliggjorde förslag på klimatanpassningsstrategier i de två distrikten. Strategier för att 
reducera skador på grödor och jordbruksmark orsakade av extrema händelser, varningssystem 
som varnar i ett tidigt skede, och diversifiering av försörjning är direkta 
klimatanpassningsstrategier som identifierades för båda distrikten. Försäkringslösningar, 
ökade kreditmöjligheter, och ett rättvist marknadspris var indirekta anpassningsstrategier som 
identifierats för båda distrikten. Även specifika anpassningsstrategier för respektive distrikt 
har identifierats, där exempelvis värme-tåliga grödor identifierades som viktigt för Patna och 
implementering av bevattningssystem identifierades som extra viktigt för Uttarkashi. 
 
Nyckelord: Klimatförändringar, vattenflöden, Indiska Himalaya, Ganges, anpassning, hydro-
klimatisk modellering, intressentdeltagande metoder  
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1. Introduction 
Climate change manifest itself trough increasing temperatures and changes in precipitation 
patterns and intensities, with following effects such as melting glaciers and changes in 
evapotranspiration rates (Jiménez Cisneros et al., 2014; Gardner et al., 2013). These effects 
have knock-on effects on the hydrological cycle and water resource availability in general 
(Jiménez Cisneros et al., 2014). Socio-economic changes, such as agriculture intensification, 
urbanization, and population growth, put further pressure on water resources e.g. by increased 
water use for irrigation, households and industry (Dhar and Mazumdar, 2009). Climate 
change together with socio-economic changes are thus putting high pressure on water 
resources, and can lead to water scarcity or increased water scarcity (where the water 
resources are already scarce).  
 
Observed changes in precipitation patterns related to climate change, have both been in total 
amounts of rainfall and extreme events, e.g. droughts and floods (Jiménez Cisneros et al., 
2014). According to Arndt et al. (2010) South Asia experienced their most severe drought 
since 1875 in 2009, due to a decrease in the summer monsoon rainfall. Further, exceptions 
from normal years in terms of drier and wetter years was observed around the globe during 
the 2000s, as well as records in highest and lowest temperature (Arndt et al., 2010).  
 
India is considered as a developing economy (United Nations, 2017), but the economy is 
emerging and India has been, and is predicted to continue being, “the fastest growing large 
developing economy” (United Nations, 2017, pp. 4). The majority of the population in the 
country lives in rural areas and is dependent on climate sensitive sectors, meaning agriculture, 
fishery, and forestry (Dhar and Mazumdar, 2009). There is a need for increased agricultural 
productivity, as the expected population growth will lead to increased food-demand (Moors et 
al., 2011) and because there is little room for agricultural expansion due to competition of 
land resources with non-agricultural sectors (Aggarwal et al., 2004). 
 
The Indian-Himalaya region is supplying highlands and lowlands with freshwater, and is 
essential for the livelihood of 600 million people (SMHI, 2016). The Ganges is one of the 
rivers with its origin in the Himalayas that supply a large amount of people with water (Moors 
et al., 2011; Pechlivanidis et al., 2017). Predicting future climate change impacts on 
hydrological processes in the Himalaya is of importance, as the resulting changes to water 
resources and flows will be felt both upstream and downstream of the Ganges (Ran et al, 
2015). These changes in water availability as well as an increase in water demand due to e.g. 
agricultural intensification and industrial expansion will increase the pressure on water 
provision in the region (Moors et al., 2011). As a large part of the population is dependent on 
water-intensive agriculture and horticulture, there is a need for implementing climate change 
adaptation measures (Dhar and Mazumdar, 2009). 
 
Changes in the hydrological cycle due to climate change are predicted to continue over the 
next century (Jiménez Cisneros et al., 2014). Increasing temperatures leads to an increase in 
actual evapotranspiration, which will accelerate the hydrological cycle (Jiménez Cisneros et 
al., 2014). Future climate change impacts will lead to more frequent and intense droughts 
(Sheffield and Wood, 2008), loss of glacier mass (Jiménez Cisneros et al., 2014), and 
increased intensity and frequency of heavy rainfall events (Seneviratne et al., 2012) to name a 
few. Melting glaciers are in turn affecting discharge, and heavy rainfall events can cause 
natural disasters such as landslides and soil erosions (Jiménez Cisneros et al., 2014).  
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How large the negative impacts caused by climate change will be on societies is dependent on 
their ability to adapt to the changes. Developing countries are often associated with a low 
adaptive capacity, and will thus be hit hardest by climate change impacts (Gosain et al., 
2006). Adaptive capacity is defined by the Intergovernmental Panel on Climate Change 
(IPCC) as “The ability of systems, institutions, humans, and other organisms to adjust to 
potential damage, to take advantage of opportunities, or to respond to consequences” (Agard 
et al., 2014, pp. 1758).  
 
Impacts of climate change often play out on a regional or local scale, which means that 
climate change adaptation would benefit from being developed for the same spatial scale. In 
order to find relevant adaptation options, it is necessary to investigate the requirements of a 
region, considering environmental impacts, social vulnerability, and resilience (Noble et al., 
2014). Biophysical hydro-climatic modelling can predict the possible outcomes of climate 
change on hydrologic resources in different regions. An adaptation need occurs if the 
projected outcome does not correspond to the desirable outcome (Kaufman and English, 1979 
cited in IPCC, 2014a, p 840) and adaptation options are targeted. The diversification of 
regions and the differences in projected climate change impacts on hydrologic resources 
results in a great number of potential adaptation options. 
 
Extensive research has been done about climate change adaptation, and also specifically with 
India as a geographical scope (e.g. Balaji et al, 2015; Bhave et al., 2014; Bhadwal et al., 2013; 
Ghosh et al, 2010). What is often raised in the literature is the need for site-specific 
suggestions (e.g. Bhave et al., 2014; Moors et al., 2011; Arnell, 2010; Smit and Pilifosova, 
2001). By including stakeholders, specific adaptation measures could be suggested and 
evaluated (e.g. in Bhave et al, 2014). However, a geographical scope such as the Ganges 
basin, as used by Bhave et al. (2014) can hardly be considered as a local geographical scope, 
thus the gap still remains when it comes to identifying locally specific climate change 
adaptation options.  
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2. Aim of thesis 
The aim of this thesis is to investigate climate change induced hydrological impacts on 
agriculture in the Indian-Himalayan region. Further, to identify adaptation options to tackle 
such impacts at a local scale, defined as district level. As the environmental and social 
conditions are different along the Ganges, one district downstream (Patna) and one upstream 
(Uttarkashi) were chosen as focus areas. The thesis will combine hydro-climatic modelling, 
stakeholder participatory methods to discuss model outputs and suitable adaptation options, 
and literature in order to identify local specific adaptation options for farming in the districts 
of Uttarkashi and Patna.  

This thesis uses data and information from the WaterRain-Him project 
(https://www.smhi.se/en/research/research-departments/hydrology/waterrain-him-changes-in-
water-resources-and-adaptation-options-in-the-indian-himalayan-basins-1.89281) that 
investigates future climate and environmental change impacts on water flows in the Indian-
Himalayan region, using hydrological scenario models. Based on the model outputs, the 
project examines the current and future water-related end-user needs (Ran et al., 2015). The 
geographical scope of the WaterRain-Him project is the Indian-Himalayan basins, with a 
main focus on the Ganges basin. The thesis will focus on the agriculture sector, as a large 
amount of people in the Indian-Himalayan region is dependent on agriculture 

2.1. Research question 
What water-related climate change adaptation options will be suitable to tackle short-term and 
long-term climate change impacts on the agricultural sector, for the districts of Uttarkashi and 
Patna, India? 

2.2 Objectives 
a. Demonstrate and analyse future changes in the hydrological cycle in the 

districts Uttarkashi and Patna by using data from hydro-climatic modelling 
carried out as part of the WaterRain-Him project 

b. Show how these changes will affect the farming sector in the short- to long-
term within these districts by using site specific information e.g. hydrological 
and agriculture conditions  

c. Identify suitable adaptation options that can minimise short- and long-term 
climate impacts on agriculture 

 

https://www.smhi.se/en/research/research-departments/hydrology/waterrain-him-changes-in-water-resources-and-adaptation-options-in-the-indian-himalayan-basins-1.89281
https://www.smhi.se/en/research/research-departments/hydrology/waterrain-him-changes-in-water-resources-and-adaptation-options-in-the-indian-himalayan-basins-1.89281


 
4 

3. Background 
Following sections (3.1-3.2) will give further information about climate change and water 
resources in India, as well as information about climate change adaptation.  

3.1 Water use and climate change in India 
The demand for water resources is characterized by multiple users competing over the same 
resources (Kumar et al., 2005). Water resources in India are used for multiple purposes such 
as domestic use, hydropower, agriculture, non-agricultural industries as well as religious 
purposes. Agriculture is the main consumer of water in the nation and stands for 91 % of the 
total water withdrawal in 2010, compared to industrial and municipal water withdrawal that 
accounts for 2 and 7% respectively (FAO, 2016). The agricultural water withdrawal is used 
for irrigation, livestock and aquaculture (FAO, 2016). The water demand in other sectors such 
as industry and power generation are also predicted to increase until 2050 (Gupta and 
Deshpande, 2004), leading to further pressure on the water resources.  
 
Climate change impacts have already been observed in India. The frequency of heavy and 
extreme rainfall events has increased, as well as the monsoon break days (Hijioka et al., 
2014). A decline in seasonal mean rainfall as well as the number of monsoon depressions has 
also been observed (Hijioka et al., 2014). An example of recent extreme weather events in 
India is unseasonal and severe rainfall events and hailstorms in February and March 2015. 
Fifteen states and more than 18 million hectares of agricultural cropland were affected. The 
economic losses of food grains and oilseeds caused by these weather events were of great 
magnitude and exceeded Rs 20,453 crore (Bhushan et al., 2015), equivalent to about USD 3.2 
billion. The unseasonal extreme weather events in 2015 happened for the third year in a row, 
which caused nation-wide concern and led to a scientific discussion regarding what is causing 
these events and if they are a result of climate change. Bhushan et al. (2015) mention that the 
events can be an indication of what to expect in the future with a continuing global warming.   
 
India’s challenges related to pressures upon water resources have led to several studies with 
the aim to predict future climate change impacts on the hydrological cycle (e.g. Gosain et al., 
2006, Dhar and Mazumdar; 2009; Moors et al., 2011; Pechlivanidis et al., 2016). The 
predicted effects such as flood intensity and drought severity varied from region to region in 
these studies. An increase in long-term average precipitation and evapotranspiration was 
predicted in wet regions in a study by Pechlivanidis et al. (2016), whilst the opposite was 
predicted for dry regions. Increase in mean temperature was, on the other hand, predicted for 
the entire subcontinent. A reduction in snow depth in the Himalayas as well as changes in 
runoff, and discharge seasonality were further findings in the study. Moors et al. (2011) 
emphasizes the importance of considering both hydrological changes caused by climate 
change and increased water demand and decreased water supply due to socio-economic 
changes, in order to predict future stress on water resources.  
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In order to handle challenges that may occur with regard to climate change, India developed 
and ratified a National Action Plan on Climate Change (NAPCC) in 2008, which prioritises 
several missions (Moors et al, 2011). Two of these missions can be directly connected to the 
identification of adaptation options within the agriculture sector: the National Water Mission 
and the National Mission for Sustainable Agriculture (Government of India, n.d.). The 
National Water Mission focuses on integrated water resource management (IWRM) and has a 
goal of increasing the water use efficiency by 20 %. The National Mission for Sustainable 
Agriculture aims for an overall resilience in the agriculture sector by identifying several 
adaptation options such as thermal resistant crops or increasing the efficiency for rainfed 
agriculture (Government of India, n.d.). 
 
The quality and availability of water, soil and other natural resources are crucial for 
agricultural productivity in India. Rainfed agriculture accounts for 60 % of the agricultural 
area, and 40 % of the total food production in India (Department of Agriculture & 
Cooperation Ministry of Agriculture, 2014). Thus rainfed agriculture plays a crucial role for 
India’s farming sector when aiming for sustainable agriculture, and a special focus lies on this 
area in the National Mission for Sustainable Agriculture (NMSA). There are ten key 
dimensions states in the NMSA regarding adaptation options: ‘Improved crop seeds, livestock 
and fish cultures’, ‘Water Use Efficiency’, ‘Pest Management’, ‘Improved Farm Practices’, 
‘Nutrient Management’, ‘Agricultural insurance’, ‘Credit support’, ‘Markets’, ‘Access to 
Information’ and ‘Livelihood diversification’, all of which are mainstreamed into already 
existing or planned programmes developed by the Department of Agriculture & Cooperation 
(Department of Agriculture & Cooperation Ministry of Agriculture, 2014).  
 
Temperature is a climate variable that has an effect on crop yield. Average temperature, for 
example, has an impact on the duration of the growing season, but the exact effects on the 
yield varies between different crops as it is dependent on the optimal temperature for the 
development of each crop type (Challinor et al., 2007). The yield can further be affected by 
maximum temperature. Several crops have shown to be sensitive to extreme day temperatures 
around 30°C (IPCC, 2014a), and heat-stress, which is defined as temperatures exceeding 
34°C, has shown to have a negative effect on crop yield (Asseng et al, 2011). A temperature 
rise of 1°C can result in a decrease in yield between 3 and 7 % for crops such as soybean, 
wheat, and mustard (Mahato, 2014). However, an increase in temperature can also have a 
positive effect on rice, maize, and wheat yield in mid- to high-latitude areas e.g. prolonged 
growing season (Easterling et al., 2007). Minimum temperature is another climate indicator 
that could have an effect on crop yield, as there is a connection between increased minimum 
temperature and the severity and intensity of hailstorms (Willemse, 1995; Botzen et al., 
2010). 
 
Precipitation has a crucial part in crop yield, where continuous rainfall has a positive effect on 
growth of the crops. Heavy rainfall events have a negative effect on the yield, as it can 
damage the crops (Revadekar and Preethi, 2011). The indicator of maximum precipitation 
relates to natural disasters. Cloudbursts and extreme rainfall events (together with geological 
features) can cause landslides and flash floods (Gupta and Uniyal, 2012). This is further 
strengthened by Bookhagen et al. (2005) that showed a connection between rainfall events 
and erosion, where extreme monsoon events have shown to cause hillslope erosion. Lack of 
precipitation can also cause problems and lead to decrease in crop yields, as it can lead to 
droughts. As the agriculture in India is dependent on the monsoon period and is mostly 
rainfed, insufficient rainfall can have large significance on the crop yield (Nath, 2017).    
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Evapotranspiration are also a climate variable that has an effect on crop yield. 
Evapotranspiration is the amount of water that has been lost through evaporation and 
transpiration in a plant (Allen et al., 1998), and is thus telling the water demand. The water 
demand of crops can partly (or sometimes entirely) be covered by precipitation. When the 
crops need more water than precipitation can supply, there is a need for irrigation. The 
irrigation water requirement can be calculated by taking the difference between precipitation 
and evapotranspiration  (Allen et al., 1998). 

3.2 Climate change adaptation 
What exactly characterises a good or successful climate change adaptation strategy is a 
complex matter, as different adaptation options can be developed for individual up to 
governmental level (Adger et al., 2003) and from addressing both short-term to long-term 
climate change impacts (Adger et al., 2005). Implementing climate change adaptation is not 
an act of isolation, as several individuals, communities and sectors can be affected by it 
(Adger et al., 2005). Adaptation strategies are affected by the uncertainty of predictions of 
future climate change impacts (Moss et al., 2010), so there is a need for suitable adaptation 
options.  
 
Climate change adaptation options can be no-, low-, and high-regret measures, where the no-
regret measures are useful for any climate change outcome and high-regret measures are 
working well under some outcomes and worse under others. No- and low-regret measures are 
often preferred as they build resilience and adaptive capacity, but high-regret measures can, in 
some cases, also be beneficial as they can focus on immediate risks of for example natural 
disasters, such as floods (Ranger and Garbett-Shiels, 2012).  
 
Climate change adaptation generally follows two different approaches: top-down or bottom-
up (Bhave et al., 2014). Top-down approaches are predicting future climate change impacts 
and are thus focusing on physical vulnerability often with a time frame of mid- to long-term 
future. Bottom-up approaches focus on the social vulnerability by using past and present 
experiences of a changing climate and have thus a time frame of adaptation in the nearby 
future (Dessai and Hulme, 2004). Both approaches have their limitations when it comes to 
climate change adaptation. The top-down method is often criticised for not including societal 
factors, such as communities access to different adaptation options, affordability, or already 
existing knowledge of different adaptation options (van Aalst et al., 2008). The bottom-up 
approach can, on the other hand, neglect physical exposure and focus on a too short time 
frame, which could lead to maladaptation as adaptation options that might not be relevant in 
the future are implemented (Dessai and Hulme, 2004).  
 
A combination of the top-down and bottom-up approaches has been argued to be favourable 
in several studies (e.g. Bhave et al., 2014; HLPE, 2012; Arnell, 2010; Cannon and Müller-
Mahn, 2010; Burton et al., 2005; Dessai and Hulme, 2004). The approaches have different 
time frames and scopes and could therefor complement each other. Combining the approaches 
would also enable knowledge sharing between experts, policy makers and end-users, where 
the experts and policy makers would receive information about specific vulnerabilities in a 
region and the end-users would gain information of possible future outcomes that could affect 
them (Balaji et al., 2015). 
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Climate change adaptation involves several aspects and strategies such as specific measures, 
technologies, and practices as well as communication and capacity building. It has a risk 
management approach and is addressing predicted and unpredicted changes (Balaji et al., 
2015). Climate change adaptation is a necessity in order to build resilient and sustainable 
communities (Shaw et al., 2013) and the subject has emerged among scientists and policy 
makers during the past one and a half decade (Webber, 2016). Mitigation of greenhouse gases 
was initially the main strategy when dealing with climate change (Webber, 2016), for 
example the Kyoto Protocol adopted in 1997 by the Parties of the United Nations Framework 
Convention on Climate Change (UNFCCC) (United Nations Framework Convention on 
Climate Change, 2014) had a large focus on climate change mitigation (Shaw et al., 2013). 
This was changed in 2001 when climate change adaptation was brought up on the agenda 
during the UNFCCC meeting in Marrakesh (Webber, 2016). Climate change adaptation is a 
necessity alongside climate change mitigation and might even be the strategy that should get 
the greatest attention (Shaw et al., 2013).  
 
Adaptation can be sorted into two different core categories: incremental and transformational. 
The difference between these two is that incremental adaptation is focusing on maintaining 
the systems, whilst transformational is focusing on changing the core of a system in order to 
cope with climate change impacts. Incremental adaptation in the agricultural sector can for 
example be implementation of more efficient irrigation system, or change of planting times. 
Transformational climate change adaptation can for example be livelihood diversification and 
migration. (Noble et al., 2014)    
 
Developing and implementing an adaptation option is dependent on several factors. Different 
challenges exist that could inhibit effective implementation, for example: financial 
limitations, competing priorities (which can be linked to limited financial support), lack of 
knowledge of where to receive and how to interpret existing data and information, poor 
governance (Mukheibir et al., 2013), and social acceptance (Moors and Siderius, 2012). 
Moors and Siderius (2012) describe that the prioritising of adaptation options are different, 
depending on the societal level of the stakeholders. Stakeholders at a state level prefer 
mainstreamed solutions where the adaptation options could be combined with already existing 
goals in schemes and programmes. Stakeholders at a community level prefer solutions where 
current risks and immediate benefits would be addressed. Criteria to consider when designing 
and implementing adaptation options come from discussion with stakeholders during 
workshops in the HighNoon project (Moors and Siderius, 2012). What criteria to consider 
when designing and implementing climate change adaptation options is also listed in IPCC’s 
Fifth assessment report.  
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4. Methodology 
This thesis combines several methods: literature review, hydro-climatic modelling and 
stakeholder participatory methods. Each methodological approach is explained further in the 
sections (4.1-4.5). In Figure 1 the methodological approach of this thesis is illustrated as a 
flow chart where each specific method is linked to the research objectives.  

 
  

 
 
 
 

 
 
 
 
 

 
Figure 1. Flow chart illustrating the relation between objectives and the methodological approach. 
 
 
 
 
 
 
 
 
 

Hydro-
climatic 

modelling 

Stakeholder 
participatory 

methods 

Literature 
review 

a) Demonstrate future 
changes in the 

hydrological cycle in 
the districts of 

Uttarkashi and Patna 
 

b) Show how these 
changes will affect the 
farming sector by using 

site-specific 
information 

 

c) Identify suitable 
adaptation options that 
can handle short- and 

long-term climate 
change impacts 

 



 
9 

4.1 Hydro climatic modelling 
In section 4.1.1-4.1.2 is the assessment of the data and the model used for hydro-climatic 
projections described.  

4.1.1 Climate data 
The data used for the future climate change impacts was obtained from Pechlivanidis (2017a), 
who has based the projections on numerous climate models developed in the ISI-MIP (the 
Inter-Sectoral Impact Model Intercomparison Project) project (https://www.isimip.org/). 
Future hydro-climatic projections are based on Global Circulation Models (GCMs). The 
hydrological model the data in this study is obtained from is based on five GCMs i.e. GFDL-
ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MICRO-ESM-CHEM, and NorESM1-M 
(Pechlivanidis et al., 2015). IPCC’s (Intergovernmental Panel on Climate Change) (2014b) 
four Representative Concentration Pathways (RCPs) (RCPs; RCP2.6, RCP4.0, RCP6.0 and 
RCP8.5), which represent different emissions scenarios in the future, are also considered in 
the model from which the data in this study is extracted (see 4.1.2 India-HYPE). GCMs are 
representing the global complexity of Earth systems with the atmosphere, oceans, land surface 
and sea-ice being included (Fowler et al., 2007). However, GCMs lack the ability to provide 
detailed information when it comes to impacts on hydrology and water resources on a 
regional and local scale (Graham et al., 2007). In order to narrow the gap between the GCMs 
outputs and the regional and local hydrological needs, regional climate models (RCMs) are 
used, which is considered as dynamical downscaling (Fowler et al., 2007; Pechlivanidis et al., 
2016). RCMs’ output does however have a large bias and is in need of correction. For the 
hydro-climatic modelling campaign (carried out externally to this thesis) from which the data 
is extracted, the distribution-based scaling (DBS) method was used as bias correction (Yang 
et al., 2010).  
 
The data obtained for the thesis is in daily time steps running from 1981 until 2100 based on 
the five GCM and four RCP scenarios. Four future periods are chosen: the reference period 
(1981-2010), and three future periods (2011-2040 (P1), 2041-2070 (P2), and 2071-2100 
(P3)). Three essential climate variables are considered: precipitation, temperature, and 
evapotranspiration. The three climate variables have been chosen due to their significance for 
agriculture. The data is further representing the four emission scenarios and the five GCMs; 
hence in total 20 projections. An average of the five GCMs for each emission scenario was 
calculated; hence the focus was to assess the average changes under a specific emission 
scenario. In addition, this allows the analysis to be better visualised since the number of 
datasets was reduced from 20 to four (one for each emission scenario). The data is thus an 
average of the GCMs, giving four RCP scenarios each climate variable (evapotranspiration, 
temperature, and precipitation), climate indicator (maximum, minimum, and average), and 
district. The evapotranspiration is represented as monthly averages, whereas the temperature 
and precipitation results are represented by monthly averages, as well as maximum, and 
minimum values. 
 
 
 
 
 
 
 
 



 
10 

The averages of the GCMs for the four RCP scenarios were calculated in Excel. Further 
statistical extraction of the data was made in MATLAB R2017a. Graphs were thereafter made 
for each future period with the four RCP scenarios in the same figure. The graphs are showing 
the relative changes for precipitation and evapotranspiration, and absolute changes for 
temperature. Tables and graphs of the absolute values and changes can be found in Appendix 
1. Long-term averages for each factor, variable, and future period have been calculated. For 
example, the maximum temperature for every month and every year is first extracted from the 
dataset. A long-term average for each 30-year period is then calculated for each month, which 
is further compared to the average of the maximum temperature for the reference period.  
 
In order to see the seasonality in the different regions, graphs based on the reference data have 
been extracted. This serves as the baseline when looking at the future changes for the different 
climate variables and climate indicators.  
 
The uncertainty in the projected results is described by the standard deviation. The standard 
deviation is based on the monthly absolute values for each future thirty-year period, for each 
RCP scenario and hydrological factor and can be found in Table I to Table VII in Appendix 1. 
A (low) high standard deviation indicates a (low) high uncertainty of the model output and 
future impacts.  

4.1.2 India-HYPE 
The hydrological model HYPE (Hydrological Predictions for the Environment) (Lindström et 
al., 2010) has been setup for the Indian subcontinent, named India-HYPE (Pechlivanidis and 
Arheimer, 2015). The input data for the chosen reference period to India-HYPE comes from 
APHRODITE (Asian Precipitation - Highly-Resolved Observational Data Integration 
Towards Evaluation of Water Resources) and AphroTEMP gives daily data for a chosen 
reference period (Pechlivanidis and Arheimer, 2015). APHRODITE gives daily input data for 
precipitation and AphroTEMP does the same but for temperature. The APHRODITE and 
AphroTEMP is thus the data used for bias correction (Pechlivanidis et al., 2016). The 
modelling results were used to quantify the effects of climate change on hydrology and water 
availability. The climate change impacts are based on both climatic and anthropogenic 
factors. The India-HYPE model is divided into 6010 sub-basins that have an average size of 
810 km2.  The district wise data has been extracted by choosing sub-basins that are located by 
the towns of Uttarkashi and Patna with associated upstream area. For Uttarkashi one sub-
basin has been chosen. The data for Patna was obtained by calculating an average out of three 
sub-basins (Pechlivanidis, 2017b).  
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4.2 Literature review 
Literature has served as the basis of this study in order to identify relevant background 
information, local specific information about the districts, and a set of possible adaptation 
options. KTHB primo, which is KTHs internal search engine, and Google Scholar have 
served as the main search engines when looking for relevant literature. Indian governmental 
pages have also been used when looking for data regarding the district, such as most common 
crops, annual rainfall, number of households, etcetera. Papers with a focus on Ganges, India, 
and general about climate change adaptation have been used.  
 
A literature review was conducted with regard to identifying available and relevant climate 
change adaptation options. 16 different papers have been used in order to list a set of 
adaptation options, which are listed in Appendix 4. Another 9 papers (Appendix 5), some of 
them overlapping with the other 15, have also been used with regards to bottom-up and top-
down approaches of climate change adaptation. An additional 80-90 papers, webpages and 
governmental pages have been used in order to find information about climate change 
adaptation, hydro-climatic modelling, and district specific information. Keywords used for the 
literature review search have been: challenges, climate change adaptation, Indian agriculture, 
Uttarkashi, Patna. Depending on the objective of the search, additional search terms were 
combined with the keywords, such as water harvesting and drought tolerant crops.  
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4.3 Stakeholder participatory methods 
The importance of involving stakeholders in research is two-fold: researchers can share their 
findings as well as gaining insights from the specific knowledge that the stakeholders possess 
(Balaji et al., 2015). The stakeholders are invited to influence and gain knowledge about the 
latest research, which they can potentially implement in their own area of work (Bhadwal et 
al., 2013). Researchers receive feedback on methodological approach, data analysis as well as 
if they have successfully reached their target audience and delivered comprehensive and 
useful data to relevant stakeholders (Ran et al., 2015). This information can be further used to 
improve and develop their research. 
 
Two stakeholder workshops were organized within the WaterRain-Him project at the 
National Institute of Hydrology in Roorkee, India. Information from the first workshop was 
obtained from the workshop report (Ran et al., 2015), whilst information from the second 
stakeholder workshop was obtained by the author’s own preparations and participation in the 
workshop. The participants of the workshops had different professional background and came 
from different parts of India. There were representatives from NGOs, governmental 
organisations, farming communities, and academia. A list of participants and respective 
fields, as well as how the participants were identified, during the second workshop, can be 
seen in the workshop report (Büker et al., in prep.). The information from the second 
workshop used in this thesis is obtained from i) a questionnaire (Appendix 2), which was sent 
out beforehand to the workshop participants, ii) two breakout sessions with farmers during the 
workshop, iii) general discussions with the workshop participants, and iv) presentations held 
during the workshop.  

4.3.1 Breakout sessions 
During the workshop there were two breakout sessions, with three groups in each session. 
One of the breakout groups was reserved for the farming community, where the farmers 
attending the workshop could discuss problems they are facing with regard to climate change 
and what kind of measures they would like the government to implement in order to facilitate 
the farming under a changing climate. Other stakeholders that felt that they had a direct 
connection to the farming community were also participating in the farming community 
breakout group, sharing their insights. The focus was however mainly on the farmers, as it 
was of interest to get first-hand information from them. Further information and notes from 
the breakout sessions can be seen in the workshop report (Büker et al., in prep.) and Appendix 
3. 
 
All of the participating farmers were considered as “progressive” farmers, some of them were 
thus aware of climate change. The main difference between the farmers was that some of 
them had terraced fields in the hills and the others had fields in the plains. The size of the 
farms was therefore very different. The terraced fields had a maximum size of 0.05-0.25 ha, 
whilst the farms in the plains had a size of about 2 ha. The size of the farms indicates that the 
farmer from the plains were wealthier than the farmers from the hills.   
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4.3.2 Questionnaire  
In order to gain further understanding of the stakeholders’ interests, views and concerns 
regarding changing water resources due to climate change and suitable climate change 
adaptation options, a questionnaire was sent out beforehand to all the participants. The 
questionnaire consisted of eleven questions covering different fields of the subject, such as 
concerns, observed impacts, policies, and adaptation options. Two of the questions, with 
connected sub questions, have been used in the result part of this thesis:  
 

- ”What are your greatest concerns with respect to water resources in the Ganges basin 
(multiple choices are possible)? 

� Natural disasters (floods, cloud bursts, landslides etc.)  
� River flow (extremes, averages) 
� Snow availability  
� Soil water content  
� Dry spells 
� Droughts  
� Rainfall frequency 
� Rainfall intensity  
� Evapotranspiration  
� Salinity 
� River transportation material (minerals, silt, pebbles, boulders)  
� Water quality 
� Other (please specify: 

________________________________________________________)” 
o “Please indicate which of your ticked boxes the two most important ones are, 

and why“ 
o “Please indicate the respective time horizon you are concerned about (e.g. 

short/mid/long term next decade, 2017 to 2030, mid-century)” 
 

- “What suitable (equitable, affordable, efficient, timely…) options for the adaptation to 
climate change effects on the services the Ganges provides could you think of?” 

 
Seven stakeholders attending the workshop filled out the questionnaire. As multiple choices 
were possible, the total answers in for each question could be more than seven. For further 
information about the questionnaire, see workshop report (Büker et al., in prep.) and 
Appendix 2.  
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4.4 Case study description 
A case study was conducted in order to enable identification of suitable adaptation options. 
Sections, 4.4.1-4.4.2, represent the background information of the two chosen districts, 
Uttarkashi and Patna.  

4.4.1 District of Uttarkashi  
Uttarakashi is a district located in the Western Himalayas and is considered a hill zone 
(Agriculture Department Uttarakhand, n.d. cited in Department of Agriculture Cooperation 
and Farmers Welfare, 2016). 93%, out of a population of 330 000, lives in rural areas. About 
48 % of the population are workers1, where 78 % of them are involved in agriculture labour, 
either as cultivators or agricultural workers (Directorate of census operations, Uttarakhand, 
2011).2 About 88 %, out of 40 000, of the landholdings in the district are two hectares or 
smaller (Agricultural Census, 2011), which would classify them as marginal or small farms 
(Department of Agriculture, Government of Bihar, 2017).  
 
The district can be divided into two natural divisions, the valley region and hilly region. The 
main fields for cultivation in the district are terraces on the hill slopes. Example of terrace 
fields in Uttarkashi is represented by Figure 2. The monthly average temperature varies 
between regions in the districts and can be between 1.6°C to 34.4°C, and in high altitudes can 
the temperature drop below zero during winter (Directorate of census operations, 
Uttarakhand, 2011). The variability in geographical and natural features creates a wide range 
of conditions for cultivating in the region. The altitude is especially affecting the climate, 
leading to each village having specific climate conditions on a micro scale (Mehta et al., 
2014).   
 

 
Figure 2. Terrace fields in Uttarkashi (Photo: Hedvig Winther) 

                                                         
1 A worker is considered as someone that has been engaged in work for a certain amount of time during a 
reference period, where the definition of work is “…participation in any economically productive activity with 
or without compensation, wages or profit” (Directorate of census operations, Bihar, 2011, pp. 44). The amount 
of workers are the sum of main and marginal worker, where the main workers has worked six months or more 
during the last reference period of a year, and the marginal worker has worked less than six months but more 
than three during the last reference period (Directorate of census operations, Bihar, 2011) 
2 A cultivator is defined as someone cultivating land either owned by themselves or the government, whilst an 
agricultural labourer is defined as someone that works for and on another person’s land and have no right to the 
land where they are working (Directorate of census operations, Bihar, 2011).   
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The annual rainfall in the district is 1175 mm, with the most abundant rainfall during the 
southwest monsoon (890 mm) that normally starts during the last week of June and remains 
until the last week in September. Three additional seasons occurs in the district: northeast 
monsoon (October to December), winter (January to February), and summer (March to May) 
(Department of Agriculture Cooperation and Farmers Welfare, 2016a). The percentage of 
cultivable area is low in the district, as 88 % of the area is covered by forest or is barren 
(Parkash, 2015). 4 % of the district area is used for cultivation and 16 % of the cultivated area 
is irrigated (Statistical handbook 2007, District Agriculture Plan, cited in Department of 
Agriculture Cooperation and Farmers Welfare, 2016a).  
 
Steep slopes causing soil erosion, together with low temperatures, and high altitudes are a few 
examples of factors that make Uttarkashi a district with a harsh environment for cultivation. It 
is thus little room for expansion of agriculture land in the district. Disasters that the district is 
prone to are landslides and flash floods, due to its geographical features (Parkash, 2015), as 
well as cloudbursts, avalanches, floods (of lesser magnitude than flash floods), lightning, 
hailstorms and earthquakes (Gupta and Uniyal, 2012). Landslides are often a consequence of 
cloudbursts, and occur during the monsoon period (Gupta and Uniyal, 2012). The steep slopes 
cause a high runoff, leading to water scarcity for some crops even though the district can 
experience abundant rainfall (Mani, 2013). Pests and diseases cause regular problems (at least 
6 out of 10 years) during the Rabi and Kharif 3 season, and droughts occur regularly during 
Rabi season. Other contingencies the district is disposed to are cold waves, frost and 
hailstorms, which happens occasionally in the district (less than 6 out of 10 years) 
(Department of Agriculture Cooperation and Farmers Welfare, 2016a).  
 
The state of Uttarakhand experienced a disaster in June 2013, which can be seen as an 
indication of rainfall causing problems in the state. The disaster was caused by extreme 
rainfall, causing flash floods and landslides with significant losses in human lives. One of the 
districts that were hit hardest by the disaster was Uttarkashi. The agriculture sector was 
affected by erosion, damaged crops, and decreased productivity. 155 ha of the agriculture land 
in Uttarkashi were washed away (Satendra et al., 2014). The losses, in economic terms, of 
land and crops was estimated to be 0.39 million US dollars (Asian Development Bank et al., 
2013).  

The most common crops, in regards to production in tonnes, cultivated during 2014-15 where 
rice, potato, wheat and ragi (finger millet). Rice had a production of almost 3300 tonnes, and 
potato had a production of 19500 tonnes. Potato does however have higher yield, 8.85 
tonnes/hectare compared to rice that has a yield of 1.66 tonnes/hectare. Rice and ragi is 
cultivated during the Kharif season, wheat during Rabi, and potato during both (Agriculture 
Informatics Division, n.d.). Table 1 shows some of the characteristics of Uttarkashi mentioned 
above. 
 
 
 
 
 
 
 
                                                         
3 Rabi and Kharif are the two main cropping seasons in India, and the general definition is that Rabi spans from 
October to March and Kharif spans from April to September (FAO, 2005). The growing seasons can however 
vary between different regions and depends on what crop that will be cultivated. 
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Table 1. Characteristics of Uttarkashi 
Feature Information 
Total population 
Rural 
Urban 

330 000 
306 000 
24 000 

Total amount of workers 
Cultivators 
Agricultural labourers 

157 000 
117 000 
4400 

Geographical area 8124 km2 

Cultivable area 
Irrigated area 

308 km2 

50 km2 

Number of landholdings  
Number of farms <2 ha 

40000 
35000 

Annual rainfall 
(Southwest monsoon) 

1175 mm 
(891 mm) 

Regularly occurring hazards Heavy rainfall events 
Droughts 
Pest and disease outbreaks 

Occasionally occurring hazards 
 
 
 

Floods  
Cold waves 
Frost 
Hailstorms 

Most common crops Rice 
Potato 
Wheat 
Ragi 
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4.4.2 District of Patna 
Patna is located downstream the Ganges in the eastern plains in the southwest parts of Bihar 
(ICAR cited in Department of Agriculture Cooperation and Farmers Welfare, 2016; 
Department of Agriculture, Government of Bihar, 2017). 57 % out of a population of 5.8 
million lives in the rural areas (Directorate of census operations, Bihar, 2011). About 32 % of 
the population in the district are workers, where 14 % of the total workers are cultivators and 
35 % are agricultural labourers (Directorate of census operations, Bihar, 2011). 98 % out of 
roughly 680 000 landholdings are marginal or small farms (less than two hectares) 
(Agricultural Census, 2011).  
 
Patna is considered as a hot sub-humid and moist eco-region (ICAR cited in Department of 
Agriculture Cooperation and Farmers Welfare, 2016). The annual rainfall is 1054 mm, most 
of which falls during the southwest monsoon (906 mm) that normally spans from the 3rd week 
in June until the 3rd week of October. An additional three seasons occurs in Patna: the 
northeast monsoon that spans from October to December, winter (January to February), and 
summer (March to May) (Department of Agriculture Cooperation and Farmers Welfare, 
2016b). The district has a geographical area of 3202 km2  (Directorate of census operations, 
Bihar, 2011) with 71 % of it being used for cultivation (Department of Agriculture 
Cooperation and Farmers Welfare, 2016b). The agriculture land is to 21 % rainfed and the 
rest of it is irrigated (District Agriculture Office, Patna, n.d., cited in Department of 
Agriculture Cooperation and Farmers Welfare, 2016).  
 
The district has fertile soil where the parts along the southern banks of Ganges are considered 
as “very fertile” (Directorate of census operations, Bihar, 2011, p 29). The district is 
completely flat and alluvial, but the very fertile parts are considered as high land and stretch 
about 8 kilometres in width (Directorate of census operations, Bihar, 2011, p 29). Figure 3 is 
an example of how a field located in the plains can look like, the field is however not located 
in Patna but in Haridwar, the district where some of the farmers attending the workshop came 
from. There is no forest in the district of Patna as a consequence of the soil being very fertile. 
The coldest month of the year is January when the temperature can drop to 4°C, compared to 
the hottest month, which is May, when the temperature can reach 46°C (Directorate of census 
operations, Bihar, 2011).  
 

Figure 3. Example of how a field located in the plains can look like, KvK Dhanauri, Hardiwar (Photo: Hedvig Winther) 
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The agriculture in the district is prone to heat waves, cold waves, frost, and pest and disease 
outbreaks, which are hazards that happen on a regular basis (at least 6 out of 10 years). 
Drought and hailstorms also occur but only occasionally (less than 6 out of 10 years) 
(Department of Agriculture Cooperation and Farmers Welfare, 2016b). Patna is further prone 
to high-speed wind and cyclones (BTMPC, India, n.d. cited by Bihar State Disaster 
Management Authority, n.d.).  
 
Bihar, which is the state that Patna is a part of, is India’s most flood prone state. One of the 
reasons for the vulnerability to floods is the flat topography (Government of Bihar et al., 
2010). A flood in Bihar in 2016 started in the end of July and lasted until September. Three 
million people where affected and Patna was one of the districts that was hit the hardest. 
Reason for the flood was stated as extreme-, and long-term rainfall (Davies, 2016). Another 
flood, occurring in July to September 2007 (during the South West Monsoon), was considered 
as the worst flood in a decade and also here was Patna one of the worst affected districts. The 
reason was abnormal rainfall exceeding normal trends by 300 to 400 %, together with heavy 
rainfall event in the upper catchment areas in Nepal. This led to a rise in the water levels in 
the rivers. In total in Bihar was 20 million people affected, where 510 persons lost their lives. 
Floods are the most common natural disaster in the state and happen on an annual basis. 
Agriculture land and crop yield are affected by the floods, which result in large economical 
losses (Kumar et al., 2013).  
 
The most common cultivated crops in Patna during 2014-15 were wheat, rice, masoor (red 
lentils), and maize. Wheat and rice are the most cultivated crops when considering the total 
production, about 170 000 and 163 000 tonnes respectively. Of the four crops, rice uses the 
most area (63660 ha) and maize has the highest yield (3.23 tonnes/hectare). Wheat and 
masoor are cultivated during Rabi, rice during Kharif, and maize is cultivated during the 
whole year except during winter (Agriculture Informatics Division, n.d.). Table 2 summarises 
the characteristics of Patna explained above. 
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Table 2. Characteristics of Patna 
Feature Information 
Total population 
Rural 
Urban 

5 800 000 
3 300 000 
2 500 000 

Total amount of workers 
Cultivators 
Agricultural labourers 

1 900 000 
270 000 
660 000 

Geographical area 3202 km2 

Cultivable area 
Rainfed area 
Irrigated area 

2285 km2 

489 km2 
1795 km2 

Number of landholdings 
Number of landholdings < 2 ha 

680 000 
660 000 

Annual rainfall 
(Southwest monsoon) 

1054 mm 
(906 mm) 

Regularly occurring hazards Heat waves 
Cold waves 
Frost 
Pest and disease outbreaks 
Floods 

Occasionally occurring hazards 
 

Droughts 
Hailstorms 

Most common crops Wheat 
Rice 
Masoor 
Ragi 

 



 
20 

4.5 Identification of adaptation options  
Adaptation options have been identified following the nine criteria in Table 3, as informed by 
1) using hydro-climatic data in order to identify future climate change induced impacts 2) 
consulting stakeholders on main challenges and suitable adaptation options with regards to 
climate change and 3) performing a literature review to further ensure that all suitable 
adaptation options are considered. Table 3 shows which method informed each criterion.  
 
Table 3. Criteria to consider when developing adaptation options and what method in this thesis that will cover 
the different criterion 
Method Literature review Hydrological data Stakeholder workshop 
Criteria 
Effective in reducing vulnerability 
and increasing resilience (IPCC, 
2014a) 

✔  ✔ 
Stakeholder participation, 
engagement, and support (IPCC, 
2014a) 

  ✔ 
Social acceptability (Moors and 
Siderius, 2012)   ✔ 
Flexible and responsive to feedback 
and learning (IPCC, 2014a) ✔  ✔ 
Designed for an appropriate scope 
and time frame (IPCC, 2014a)  ✔  
Knowledge of how to implement 
new techniques (Moors and Siderius, 
2012) 

  ✔ 
Robust against a wide range of 
climate and social scenarios (IPCC, 
2014a) 

✔ ✔ ✔ 
Immediate benefits (Moors and 
Siderius, 2012) ✔  ✔ 
Addressing current risks (Moors and 
Siderius, 2012) ✔  ✔ 
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5. Results 
Sections 5.1-5.4, will present the outcomes from the data analysis, literature review and 
stakeholder participatory methods.  

5.1 Reference data analysis 
Table 4, Figure 4 and Figure 5 illustrate the inter-annual amount of precipitation, temperature 
and evapotranspiration for Uttarkashi and Patna over the reference period.  

 
Figure 4. Monthly values in the reference period for the three climate variables with related climate indicators in Uttarkashi 

Figure 4 illustrates the seasonality of the three climate variables temperature, precipitation 
and evapotranspiration in Uttarkashi. It can be seen that the amount of precipitation, 
evapotranspiration and temperature are lowest during the post-monsoon and the winter period. 
The highest values for the three climate variables can be seen during the pre-monsoon and 
monsoon season 
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Figure 5. Monthly values in the reference period for the three climate variables with related climate indicators in Patna 

Figure 5 illustrates the seasonality of the three climate variables temperature, precipitation 
and evapotranspiration in Patna, based on the monthly long-term averages for the reference 
period. The highest temperatures occur in the pre-monsoon period and the lowest occur in the 
post-monsoon period and during winter. The highest amount of precipitation, as well as 
evapotranspiration, occurs during the monsoon period. 
 
The exact values and the standard deviation for the reference period for the three climate 
variables can be seen in Table 4.  
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Table 4. Absolute values for the reference period for each climate variable, climate indicator and month 
Reference 
period 

Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Precipitation (mm) 
Maximum 23.5±10.1 16.5±4.2 19.5±5.2 13.7±5.5 21.2±14.1 39.8±29.9 67.4±28.2 73.5±18.2 49.7±21.9 21.2±7.6 2.4±0.9 8.9±3.4 
Minimum 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.2 0.2±0.2 0.7±0.6 5.7±2.8 9.5±3.9 1.7±1.8 0.0±0.1 0.0±0.0 0.0±0.0 
Average 4.2±1.9 4.0±1.2 4.4±1.5 3.1±1.0 4.2±1.7 10.3±5.2 25.4±6.2 32.4±7.6 15.8±5.0 3.8±1.3 0.5±0.2 1.6±0.5 
Temperature (qC) 
Maximum 4.7±0.8 7.0±0.6 11.2±1.0 15.2±0.9 17.4±0.8 18.1±0.8 17.4±0.7 16.3±0.5 15.5±0.6 13.4±0.6 9.8±0.7 7.1±1.0 
Minimum 1.9±0.9 2.7±1.3 5.9±1.0 11.3±0.7 14.6±0.9 16.0±0.7 15.3±0.5 14.7±0.4 13.4±0.8 10.2±0.8 7.1±0.8 3.5±0.9 
Average 3.2±0.7 5.0±0.7 8.6±0.8 13.3±0.7 16.0±0.9 17.1±0.7 16.3±0.6 15.5±0.4 14.6±0.5 12.0±0.6 8.5±0.7 5.4±0.8 
Evapotranspiration (mm) 
Average 0.9±0.2 1.7±0.2 2.9±0.2 4.1±0.3 4.0±0.5 4.5±0.5 5.3±0.4 5.6±0.3 5.4±0.3 4.0±0.3 2.3±0.2 1.3±0.2 
Patna 
Precipitation (mm) 
Maximum 3.7±2.0 5.3±2.8 2.9±2.0 2.9±1.8 3.7±1.3 13.9±5.3 22.1±5.7 21.3±5.7 16.5±3.6 11.2±8.2 1.8±1.5 1.3±1.2 
Minimum 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.3±0.2 2.8±1.1 3.8±0.9 1.8±1.0 0.1±0.1 0.0±0.0 0.0±0.0 
Average 0.4±0.2 0.6±0.3 0.3±0.2 0.4±0.2 0.8±0.3 3.6±1.0 9.5±1.4 9.7±1.5 7.2±1.2 2.1±0.7 0.2±0.1 0.1±0.1 
Temperature (qC) 
Maximum 17.9±0.7 21.9±0.7 27.8±0.9 31.9±0.6 34.1±0.8 33.9±1.1 31.4±0.9 30.2±0.4 30.2±0.4 28.8±0.6 24.5±0.7 19.4±0.7 
Minimum 15.1±0.7 17.1±1.1 21.2±0.9 27.6±0.8 30.8±0.8 30.7±0.9 28.9±0.5 28.6±0.3 28.5±0.5 24.8±0.8 19.5±0.6 15.7±0.7 
Average 16.4±0.6 19.4±0.7 24.5±0.6 29.8±0.5 32.4±0.6 32.4±1.0 30.0±0.6 29.4±0.3 29.4±0.3 27.0±0.5 22.0±0.5 17.6±0.6 
Evapotranspiration (mm) 
Average 1.9±0.1 2.4±0.1 3.0±0.1 2.5±0.2 1.3±0.2 2.2±0.5 6.1±0.7 8.4±0.7 7.9±0.7 4.8±0.6 2.7±0.3 1.9±0.1 
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5.2 Climate change – Long term averages 
The future changes in average evapotranspiration, temperature, and precipitation as well as 
maximum and minimum temperature and precipitation for the districts Uttarkashi and Patna 
are presented in sections 5.2.1-5.2.2. The figures show the relative change for each month as 
compared to the reference period for precipitation and evapotranspiration, and the absolute 
change for each month as compared to the reference period for temperature.  
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5.2.1 Uttarkashi 
In Figure 6 it can be seen that the trends in average and maximum precipitation depend on 
what month and RCP scenario is observed. The average and maximum precipitation pattern is 
increasing for all future time periods and RCP scenarios in the monsoon month, September. 
RCP 8.5 also shows an increasing trend over time in average and maximum precipitation for 
this month. An increase in maximum precipitation can also be observed in August for RCP 
2.6 and 8.5, and in November for all RCP scenarios and future time periods except RCP 4.5 in 
P3. Peaks in the maximum precipitation can be observed in Figure IX in Appendix 1. For 
future time periods P1, P2 and P3, (P1=2011-2040, P2=2041-2070, P3=2071-2100) all RCP 
scenarios show a decrease in maximum and average precipitation in May (pre-monsoon 
season month). The average precipitation is also decreasing for all RCP scenarios in 
comparison to the reference period in February.  
 
The relative changes for minimum precipitation is decreasing during several months of the 
year. In January there is a decrease between 50 to 100 % for all RCP scenarios and future 
periods. However, the absolute changes are small, as illustrated in Table VI and Figure XI in 
Appendix 1. The largest relative change in average precipitation is identified for RCP 8.5 in 
February in P3, where there is a decrease in average precipitation of about 40 % in 
comparison to the reference period.   
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Figure 6. Relative changes in monthly maximum, minimum, and average precipitation for Uttarkashi, as compared to the 
reference period for all RCP scenarios and future periods, P1=2011-2040, P2=2041-2070, P3=2071-2100 
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Figure 7 shows an increase in monthly temperature in comparison to the reference period for 
all RCP scenarios and future periods, with the exception of RCP 2.6, with a smaller absolute 
change in P3 than in P2 for a few months (note that this has to do with the hypothesis of the 
emission distribution for the future). The expected temperature increase applies for all three 
temperature indicators; maximum-, minimum-, and average temperature. The changes in 
temperature are represented in absolute values, the largest changes can be seen for RCP 8.5 in 
the P3 where the changes are almost 6°C during several months for all three climate 
indicators. The smallest absolute changes occur during P1 and is around 1°C. The temperature 
increase over the year seems to be quite consistent and the fluctuations between months are 
relatively small. Absolute values for each indicator, RCP scenario and reference period can be 
found in Table I to Table III in Appendix 1.  
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Figure 7. Absolute changes in monthly maximum, minimum, and average temperature for Uttarkashi, as compared to the 
reference period for all RCP scenarios and future periods, P1=2011-2040, P2=2041-2070, P3=2071-2100 
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Figure 8 depicts the relative changes in monthly average evapotranspiration for all future 
periods and RCP scenarios. The largest relative changes for all RCP scenarios occur in 
January where there is an increase in evapotranspiration in comparison to the reference period 
for all future periods. In April, May, and June there is a decrease in average 
evapotranspiration for some of the future periods. RCP 8.5 is showing a decrease in all future 
periods in April and May. For RCP 4.5, 6.0 and 8.5 the majority of the months show an 
increasing trend over time. There is no increasing trend over time for the remaining months. 
For RCP 2.6 can only an increasing trend over time be seen in July.  
 

 

 
 

 
Figure 8. Relative changes in monthly averages for evapotranspiration for Uttarkashi, as compared to the reference period 
for all future periods and RCP scenarios, P1=2011-2040, P2=2041-2070, P3=2071-2100 
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5.2.2 Patna 
The average and maximum precipitation is increasing for most scenarios in May to October, 
which can be seen in Figure 9. Some exceptions can be seen for the RCP scenarios for some 
time periods and months, for example RCP 8.5 shows a decrease in average precipitation in 
P1 in June and July, and in June and October for the maximum precipitation. RCP 2.6 shows 
a decrease in maximum precipitation in P2 in June and October, and for P3 in July. RCP 4.5 
shows a decrease in average precipitation in P1 in June and July, and in maximum 
precipitation in P1 in June and in P3 in October. For the remaining months most of the 
scenarios show a decrease in average and maximum precipitation, but also increases can be 
seen depending on the RCP scenario, month, and time period that is observed.  
 
The total values for minimum precipitation are small, which can be seen in Table VI, whilst 
the relative changes in Figure 9 in some months and RCP scenarios reach almost 80 %. Small 
absolute changes result in large relative changes when the absolute values are small, and the 
minimum precipitation is for several of the months just above 0 mm.  
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Figure 9. Relative changes in monthly maximum, minimum, and average precipitation for Patna, as compared to the 
reference period for all RCP scenarios and future periods, P1=2011-2040, P2=2041-2070, P3=2071-2100 
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Figure 10 indicates an increase in maximum-, minimum-, and average temperature for all 
RCP scenarios, months, and future periods in comparison to the reference period. The largest 
changes can be seen in the third future period for RCP 8.5, where the temperature change is 
around 5°C for some months for all three climate indicators. The smallest absolute change 
occur in June in P1 where the change is less than 0.5°C. All RCP scenarios, except 2.6, show 
an increase in maximum-, minimum-, and average temperature over time. There are small 
fluctuations over the year for each future time period and RCP scenarios.  
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Figure 10. Absolute changes in monthly maximum, minimum, and average temperature for Patna, as compared to the 
reference period for all RCP scenarios and future periods, P1=2011-2040, P2=2041-2070, P3=2071-2100 
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The relative future changes in monthly averages for evapotranspiration, presented in Figure 
11, indicate an increase in comparison to the reference period. This applies for almost all 
months, future periods, and RCP scenarios, except in April where trends for RCP 4.5, 6.0, and 
8.5 show the opposite for the first future period. There is also a decrease in May for RCP 8.5 
in the second future period. RCP 4.5, 6.0, and 8.5 shows a trend in increasing average 
evapotranspiration over time for all months except May.  
 

 

 
 

Figure 11. Relative changes in monthly averages for evapotranspiration for Patna, as compared to the reference period for 
all future periods and RCP scenarios, P1=2011-2040, P2=2041-2070, P3=2071-2100 
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5.3 Adaptation options and stakeholder participation 
The stakeholder participation workshop generated input from participating farmers on their 
experienced key challenges for agriculture, as well as climate change adaptation options that 
are locally relevant and possible to implement. Table 5 summarizes the challenges both 
directly and indirectly linked to climate change raised by the farmers during the breakout 
sessions of the workshop.  
 
Table 5. Challenges raised by the farmers during the breakout sessions 
Farmers from the Ganges plains Farmers from the hills 

- Decrease in annual rainfall (from 1200 
mm to 800-900 mm) during the last 10-15 
years 

- Increase in rainfall intensity and severity 
- Hailstorms 
- Storms and frost  
- Flooded fields because of heavy rainfall 

events 
- Shift in growing season 
- Economical concerns: investments, 

market price, middle hands 
- Increased dependency on chemical 

fertilizers 
- Groundwater depletion 
- Wild animals 

- Soil erosion 
- Shift in growing season 
- Flooded rivers and springs 
- Flooded farmlands 
- No access to insurance schemes 
- No access to knowledge 

dissemination programs 
- Wild animals 

 

 
The farmers also suggested adaptation options they wanted the government to implement in 
order to improve general conditions for farming. These are presented in Table 6.  
 
Table 6. Suggested adaptation options by the farmers 
Farmers from the Ganges plains Farmers from the hills 

- Loans with a 0 % interest 
- Right market price, price stability 
- Implementation of more bore wells in 

rainfed areas 
- Immediate payment for yield sold to 

the market 
- Control of wild animals 

- Implementation of irrigation systems 
that would enable irrigation of the 
entire fields, which would increase 
yields 

- Implementation of small dams 
located on the small water springs 

- Investigation and initiatives regarding 
pest and diseases that are affecting 
ginger crop, mustard and oil crop 

- Indian institute of Soil and Water 
conservation have some pilot 
projects, but these are limited to some 
areas. The farmers requested an 
expansion of projects so they covered 
all areas instead of a few. 

- Improved water logging measures 
 
The farmers had already implemented some measures that could be considered as adaptation 
options. These are presented in Table 7. 
 



 
36 

Table 7. Adaptation options already implemented by the farmers 
Farmers from the Ganges plains Farmers from the hills 
Short and long duration crops and cultivars to 
cope with changed rainfall patterns 

Short and long duration crops and cultivars 
to cope with changed rainfall patterns 

Sowing date adjustment Sowing date adjustment 
Irrigation systems that includes tube wells, 
electricity, pumps and diversion channels 

 

Technology advancement  
Access to knowledge dissemination programs  
Connection with the government through 
extension workers 

 

 
Figure 12 is representing the outcomes from the questionnaire and the question “What are 
your greatest concerns with respect to water resources in the Ganges basin?” Natural disasters 
together with river flow raised the most concern as six out of the seven stakeholders 
considered it as a major concern, Five out of seven considered droughts as an important 
concern, followed by rainfall intensity and water quality. No one considered salinity as a 
major problem. The time horizon of interest differed in the answers, where short term, five 
years, decade, mid-century, and long-term time horizons were listed.  
 

 
Figure 12. Outcome of the participants listing their greatest concerns with respect to water resources in the Ganges basin 

It was also possible for the stakeholders to identify and list adaptation options in the 
questionnaire. The adaptation options brought up in the questionnaire are presented in Table 
8. 
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Table 8. Adaptation options suggested by the participants filling out the questionnaire 
Adaptation options 
Modify the lifestyle of citizens and practices of water use in line with the change in River 
Ganges flow 
A perspective plan should be prepares for sustainable development of river basin 
Water harvesting/water storage techniques may be adopted of household level 
“Action Research” method may be adopted for specific problems at small level. Action 
Research is defined as “research initiated to solve an immediate problem based on inquiry & 
data collection” 
In addition to blue water management, serious efforts are needed to enhance green water 
resource efficiency in rainfed systems 
Water resource management 
Adoption of irrigation water management practice 
Implementation of Policy guidelines towards managing irrigation water use efficiency 
Command Area Development 
Equitable water supply/ water utilization 
All infrastructure development programs in the river valley should follow proper scientific 
studies and investigation to restrict consequences of major disaster events resulted from 
intense and unpredictable rainfall 
Maintaining environmental flow for ensuring environmental services provided by Ganges 
Adapting in the way river water is used for – e.g. for electricity generation – Decentralized 
electricity generation with small hydropower plants 
No big dams or barrages on any of the main channels or tributaries, only micro or mini 
hydropower projects 
Restricting number of commercial tourists and religious visitors (pilgrims) to the state 
No sewage or industrial effluents flowing into any channel or tributary 
Changing house construction pattern, making it more environmentally sustainable, restricting 
the burgeoning hotel industry 
Increasing afforestation  
Restoring the value that Ganga offers as a cultural/religious icon 
Need to first quantify the changes that are likely to occur 
 
Table 9 shows a selection of adaptation options linked to climate change induced hydrological 
impacts and the agriculture sector, identified through a literature review and the first 
stakeholder workshop in the WaterRain-Him project. Nine out of the 63 adaptation options 
listed in Table 9 are transformational adaptation options and the rest are categorized as 
incremental.  
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Table 9. Adaptation options categorized as incremental or transformational 
Incremental Transformational 

- Water storage (Lebel et al., 2010) 
- On-farm water management (Moors et al., 2011) 
- Integrated water resource management (Uniyal et al., 2015) 
- Flood levees (Pittock, 2011) 
- Conjunctive management of groundwater (Pittock, 2011) 
- Wastewater reuse (Pittock, 2011) 
- Drip and sprinkler irrigation systems (Bhadwal et al., 2013) 
- Green water conservation (Uniyal et al, 2015) 
- Reuse and recycling of water (Uniyal et al, 2015) 
- Water source protection (Sterrett, 2011) 
- Stone embankments (Bhadwal et al., 2013) 
- Monitoring of sand mining from river banks (Bhadwal et al., 2013)  
- Land development in river valley project and flood prone areas (Department of Agriculture & 

Cooperation Ministry of Agriculture, 2014)  
- Structures for flood prevention and adaptation (Ran et al., 2015) 
- Rainwater harvesting (Ran et al., 2015; Rouillard et al., 2014) 
- Water conserving technologies (Moors et al., 2011) 
- Check dams (Bhave et al., 2014) 
- Water transfers (Pittock, 2011) 
- Sustainable technological applications (Mall et al., 2004) 
- Irrigation/water management technologies (Balaji et al., 2015) 
- Better forecasting systems (Bhadwal et al., 2013) 
- ICT (Harvey et al., 2012) 
- Artificial recharge (Uniyal et al, 2015) 
- Resource Conservation Technologies (Department of Agriculture & Cooperation Ministry of 

Agriculture, 2014) 
- Traditional water use management (Ran et al., 2015) 
- Soil conservation (Ran et al., 2015) 
- Pest resistant crop cultivars (Ran et al., 2015) 
- Drought resistant crops (Ran et al., 2015) 
- Crop diversification (Bhave et al., 2014) 
- Short duration varieties (Bhave et al., 2014) 
- Afforestation (Uniyal et al, 2015) 
- Increasing forest cover (Bhave et al., 2014) 
- Resource conservation (Department of Agriculture & Cooperation Ministry of Agriculture, 2014) 
- Maintaining ecosystems (Ran et al., 2015) 
- Integrated pest management (Moors et al., 2011) 
- Community-based institutions  (Sterrett, 2011) 
- Information sharing (Balaji et al., 2015) 
- Public awareness (Bhadwal et al., 2013) 
- Raising awareness (Sterrett, 2011) 
- Strengthen and encourage water conservation (Ran et al., 2015) 
- Dissemination of weather forecast information (Bhave et al., 2014) 

- Stop pine nurseries that contribute to changing climate/weather and hydrological 
flows (Ran et al., 2015) 

- Educating future generation on climate change (Sterrett, 2011) 
- Addressing gender issues (Sterrett, 2011) 
- Livelihood diversification (Bhadwal et al., 2013) 
- Improving access to credit (Bhave et al., 2014) 
- Land consolidation (Bhave et al., 2014) 
- Water sharing agreements (Lebel et al., 2010) 
- Mainstreaming climate change adaptation (Cuevas, 2016) 
- Livelihood development programs (Ran et al., 2015) 
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- National Agriculture Insurance Scheme (Moors et al., 2011) 
- Insurance schemes (Bhadwal et al., 2013) 
- Early warning systems (Ran et al., 2015; Lebel et al., 2010) 
- ICT (Harvey et al., 2012) 
- Disaster preparedness (Ran et al., 2015; Balaji et al., 2015) 
- Sowing date adjustment (Ran et al., 2015; Mall et al., 2004) 
- Crop rotation (Biemans et al. 2013) 
- Multi-cropping (Ran et al., 2015; Department of Agriculture & Cooperation Ministry of 

Agriculture, 2014) 
- Inter-cropping (Department of Agriculture & Cooperation Ministry of Agriculture, 2014) 
- Shift to cultivation of dryland crops (Balaji et al., 2015) 
- Shift to crops that can be cultivated in hilly regions (Ran et al., 2015) 
- Water source protection (Sterrett, 2011) 
- Watershed development programmes (Department of Agriculture & Cooperation Ministry of 

Agriculture, 2014) 
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5.4 Suitable adaptation options  
In order to identify suitable adaptation options, a summation of the three methods (hydro-
climatic data, literature, and stakeholder participatory methods) was conducted and identified 
climate change induced challenges for both districts are presented in Table 10.  
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Table 10. Climate change related impacts on agriculture identified from the hydro-climatic modelling, literature review, and the stakeholder participatory workshops 
Data Literature Workshop Possible future effects on the 

agriculture sector 
Uttarkashi Patna Uttarkashi Patna Plains Hills Uttarkashi Patna 
Increase in 
maximum-, 
minimum-, and 
average 
temperature 
 
Increase in 
average- and 
maximum 
precipitation in 
September for all 
RCP scenarios. 
Increase in 
maximum 
precipitation for 
RCP 2.6 and 8.5 in 
August and in 
November for all 
RCP scenarios 
(except RCP 4.5 in 
P3). Both 
increasing and 
decreasing trends 
in precipitation for 
remaining months 
 
Increase in 
average 
evapotranspiration 
in all months 
except for April, 
May, and June 

Increase in 
maximum-, 
minimum-, and 
average 
temperature 
 
Increase in 
maximum- and 
average 
precipitation for 
most scenarios 
during May to 
October (pre-
monsoon and 
monsoon period). 
Both increasing 
and decreasing 
trends in 
precipitation for 
remaining months 
 
Increase in 
average 
evapotranspiration 
in all months 
except for April 
and May 

Soil erosion 
 
Low temperatures 
 
Landslides 
 
Flash floods 
 
Cloudbursts 
 
Floods  
 
Hailstorms 
 
Droughts 

Heat waves 
 
Cold waves 
 
Frost 
 
Droughts 
 
Hailstorms 
 
Floods 
 
 

Rainfall intensity 
and severity 
 
Hailstorms 
 
Storms 
 
Frost 
 
Floods 
 
Shift in season 

Shift in season 
 
Floods 
 
Soil erosion 
 
More severe 
rainfall events 

Risk for more 
severe and intense 
hailstorms  
 
Risk for more 
severe and intense 
natural disasters 
due to increase in 
maximum 
precipitation 
 
Increasing need for 
irrigation for some 
of the months 
 
Increased crop 
yield due to 
increasing 
temperature 

Risk for more 
severe and intense 
hailstorms 
 
Reduced yield due 
to increases 
average and 
maximum 
temperature 
 
Increasing need of 
irrigation for some 
of the months 
 
Possible increased 
risk for more 
severe floods  
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To respond to the challenges presented in Table 10, Table 11 shows the list of identified 
suitable adaptation options that are relevant for the districts of Uttarkashi and Patna. The 
adaptation options are characterised by district, but some of the options are suitable for both 
districts.  
 
Table 11. Suggestions of adaptation options 
Direct adaptation options Indirect adaptation options 
Uttarkashi Patna Both Both 
Improved 
agriculture and road 
infrastructure 

Heat tolerant 
crop 

Disaster reduction 
plans 

Insurance schemes 

Sowing date 
adjustment 

Water saving 
techniques 

Early warning 
systems 

Improved access to credit 

Implementation of 
irrigation systems 

Structures for 
flood prevention 
and adaptation 

Livelihood 
diversification 

Right/fair market price 
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6. Discussion 
This study was performed to investigate future climate change impacts and suitable adaptation 
options in the agriculture sector for two districts in India. By combining stakeholder 
participatory methods, hydro-climatic modelling, and literature, suitable climate change 
adaptation options were identified (Table 11). The adaptation options are both based on the 
future climate change impacts but also on earlier experience of extreme weather events 
affecting the agriculture in the two districts.  

6.1 Climate change projections and possible impacts on agriculture 
Results from this study shows that an increase in temperature can be seen over time for both 
districts, which applies for all seasons over the year. The temperature change is ranging from 
about 0.5°C in the mildest scenarios and up to 5°C in the most extreme scenarios in Patna and 
from about 1°C up to 6°C in Uttarkashi. In absolute values is the temperature ranging from 
15.1°C (minimum temperature in January in the reference period, Table III) to 38.8 
(maximum temperature, RCP 8.5 in May in the future time period 2071-2100, Table II) in 
Patna and from 1.9°C (minimum temperature in January in the reference period, Table III) to 
23.8°C (maximum temperature, RCP 8.5 in June in the future time period 2071-2100, Table 
II) in Uttarkashi. The increase in average temperature is consistent with previous results, (e.g. 
Pechlivanidis et al (2016); Moors and Siderius (2012)).  Pechlivanidis et al. (2016) further 
predicts an increase in long-term evapotranspiration in wet regions. Results from this study 
show an increase in evapotranspiration for both Uttarkashi and Patna, except for the months 
of April, May and June (for Uttarkashi). Both Uttarkashi and Patna are usually getting enough 
rain to sustain farming.  
 
An increase in maximum and average temperature can lead to decreased yield as there are 
crops that have shown to be sensitive to temperatures around 30°C (IPCC, 2014a), and heat-
stress events are defined as temperatures exceeding 34°C (Asseng et al, 2011). An increase in 
average temperature can also have a positive effect in mid- to high-latitude areas if the 
temperature increase is up to 3°C (Easterling et al., 2007). An increase in minimum 
temperature can lead to more severe and intense hailstorms (Willemse, 1995; Botzen et al., 
2010), which also would affect the crop yield.  
 
As the temperatures in Patna are already high a further increase in average and maximum 
temperature may lead to decreased yield due to heat-stress events. In Uttarkashi the conditions 
are reversed, where low temperatures cause harsh cultivation conditions. An increase in 
temperature might therefore lead to a prolonged growing season in the district. The 
temperature increase at the end of the century is exceeding 3°C for RCP scenarios 6.0 and 8.5. 
The increase in temperature could thus in the long-term perspective result in negative effects 
on the yield in Uttarkashi even though the effect is positive at first. The increase in minimum 
temperature could also lead to more intense and severe hailstorms for both districts.  
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The patterns in precipitations are more variable than for evapotranspiration and temperature. 
Results from the hydro-climatic modelling shows that an increase in average and maximum 
precipitation can be seen during the pre-monsoon and monsoon period (May to October) in 
Patna for almost all RCP scenarios and future time periods. April and November shows a 
decreasing trend for all RCP scenarios and future time periods. For Uttarakashi, the results 
show an increase in maximum precipitation in August (RCP 2.6 and 8.5) and September (all 
RCP scenarios and future time periods), which is during the monsoon period. An increase in 
average precipitation in September can also be seen (all RCP scenarios and future time 
periods). The results also show decreases in average and maximum precipitation for some 
scenarios e.g. April and November in Patna and May and February in Uttarkashi.  
 
The precipitation results are partly in accordance with other modelling studies over the area. 
Pechlivanidis et al. (2016) predict an increase in precipitation in wet regions, and Moors and 
Siderius (2012) claims that there will be a minor increase in annual precipitation in Northern 
India, which will not have any significant effects until 2050. Moors and Siderius (2012) also 
predict regional differences by the end of the century: a decrease in precipitation in the 
western parts of the Ganges basin and an increase in the east. These results are partly 
consistent with results from this study that shows a decrease in average precipitation 
February, April and December for Patna and an increase in average precipitation in 
September and November for Uttarkashi. 
 
Increase in maximum and average precipitation may cause more severe and intense flood 
events. The reasons for the flood events in Patna in 2016 and 2007 were extreme-and long-
term rainfall events where there was an abnormal amount of precipitation. Increase in 
maximum precipitation is likely to result in events of more extreme rainfall, which in turn can 
result in natural disasters such as floods. The increase in average and maximum precipitation 
during the monsoon period in Patna may therefore lead to more severe and intense floods in 
the future.  
 
In the months where Uttarakhasi receive the maximum amount of precipitation, the district 
receives heavy rainfall (India Meteorological Department, n.d.). This applies for the 
precipitation falling in the district already today. Landslides and flash floods are disasters 
caused by cloudbursts and heavy rainfall events (Gupta and Uniyal, 2012; Bookhagen et al., 
2005). As the district is expected to receive increased amounts of maximum precipitation 
during some months (e.g. September and August), the events of heavy rainfall can be 
expected to increase in intensity and severity in the future.  Uttarkashi is already a disaster 
prone district, where precipitation has caused problems previously. The disaster in June 2013 
caused huge losses and was discussed amongst the workshop participants. The expected 
future increase in maximum precipitation in August and September, could lead to more 
intense and severe rainfall events, which in turn could lead to natural disasters such as 
landslides and flash floods. 
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Uttarkashi is already today experiencing regular droughts (Table 1) and Patna is experiencing 
occasional droughts (Table 2).It is not possible to detect any trends for future drought 
frequencies and intensities from the modelling results in this study. However, Moors and 
Siderius (2012) are predicting more intense and frequent droughts in the Ganges basin over 
the next coming century. Patna and Uttarkashi might therefore experience more frequent and 
severe droughts in the future. Droughts and periods of little or no rainfall can affect crop yield 
negatively and it is therefore an important parameter for the farmers to consider when 
adapting to climate change. Further analysis of climate change impacts for Patna and 
Uttarkashi in respect to droughts is however needed in order to draw any conclusions on 
suitable adaptation options for farmers to cope with drought events.  
 
The need for irrigation is highly linked to both precipitation patterns and evapotranspiration. 
The irrigation need is defined as the difference between precipitation and evapotranspiration 
(Allen et al., 1998). In the months where the average precipitation is decreasing and the 
average evapotranspiration is increasing, there may be an increased need for irrigation. The 
evapotranspiration in Patna is expected to increase for most months. It might be an increasing 
irrigation need in the months where the average precipitation is also decreasing i.e. for all 
RCP scenarios in February, April and December (except for RCP 4.5 and 8.5 in P3 in 
February). There is also a possible increase in irrigation need in Uttarkashi, for example in 
February for all RCP scenarios where the average evapotranspiration increase and the average 
precipitation decrease. The same can be seen for RCP 2.6 and 6.0 in October, and RCP 4.5 
and 8.5 in March.  
 
This thesis uses the same model as in Pechlivanidis et al (2016) where long-term means in 
temperature, evapotranspiration, precipitation, runoff, snow depth, soil moisture deficit, and 
applied irrigation water to soil is modelled. The data used in this study is extracted from one 
or several sub-basins in order to represent the districts. One sub-basin is representing 
Uttarkashi, whilst an average of three sub-basins is representing Patna. Focusing on a smaller 
area can result in a larger error. Using data only from one sub-basin inhibits the possibility to 
see the variability within the area that the sub-basin and upstream area represents. If results 
were based on averages of several sub-basins the error would be smaller than if based on one 
or a few sub-basins. The uncertainty in the data might therefore be larger for Uttarkashi than 
for Patna. Earlier results received from India-HYPE have had a larger geographical scope 
than district wise and thereby used several sub-basins in order to extract the data. The wider 
geographical scope could partly explain the different result in the study compared to 
Pechlivanidis et al’s (2016) where a general increase in precipitation over the year is detected, 
not a variable pattern as in this study.  
 
Another explanation for the difference when comparing results from this study to 
Pechlivanidis et al (2016) and Moors and Siderius (2012) could also be the choice to study the 
inter-annual trends in this thesis instead of annual trends. This study analysed data for inter-
annual trends, as such variability are of greater importance for farmers than yearly changes. 
As the data has been calculated as long-term averages it is possible to see the changes in the 
inter-annual trends over time.  
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The standard deviation shown in Table I to in Appendix 1 shows the variability in the 
absolute values for the three climate variables, thus the uncertainty in the values. Results 
presented in Appendix 1 show that for very low values the standard deviation can result in a 
high relative standard deviation, which is defined as the standard deviation divided by the 
long-term mean. However, for precipitation and evapotranspiration a high relative standard 
for small values does not have any real significance since the resulting amount of 
precipitation or evapotranspiration, even with high standard deviation, are still very low. A 
large relative standard deviation for low temperature values could however be of significance. 
In Uttarkashi, where the temperatures are low, a 0.7°C fluctuation for a 4.3°C temperature 
may potentially change the agriculture conditions. The result in Appendix 1 shows that the 
largest relative changes in maximum precipitation in Uttarkashi appear during the monsoon 
period. A 30 mm fluctuation can have a huge significance in a month where the maximum 
precipitation already is nearly 70 mm (Table V).   

6.3 Suitable climate change adaptation options 
The projected climate change impacts on agriculture together with stakeholder participatory 
methods, site-specific information and a set of adaptation options from the literature have 
enabled identification of suitable adaptation options in Uttarkashi and Patna. There are twelve 
identified adaptation options, where six of them are suitable for both district. Each district 
also has three individually identified adaptation options.  
 
The results from this study shows that Uttarkashi is already experiencing problems with 
natural disasters. Patna is also a disaster prone district, especially in regards to floods. The 
results from stakeholder workshops and the questionnaire identified floods and soil erosion as 
major challenges, verifying that suitable climate change adaptation options for these districts 
would be flood and erosion prevention. 
 
The increased minimum temperature in the districts could also mean that hailstorms will 
become more severe and intense, which could apply for both districts. However, to enable 
more specific conclusions around the area of hailstorms, the findings from this study should 
be combined with other variables such as precipitation. Disaster reduction plans and early 
warning systems are adaptation options linked to natural disasters such as cloudbursts, floods, 
landslides, and hailstorms. These kinds of adaptation options are therefore relevant for both 
districts, and further verified by stakeholder participatory methods in this study. 
 
Climate change adaptation is not only about coping with negative aspects, but also about 
taking advantage of possible benefits. One aspect that is causing harsh cultivation conditions 
in Uttarkashi is low temperature. The temperature is projected to increase in the district in the 
future, whereas it is possible that the growing period will be prolonged. Sowing date 
adjustment could thus be an adaptation options that would lead to increased yield. In Patna, 
on the other hand, there is a risk for decreasing yield due to increasing temperatures. Heat-
tolerant crop is a relevant adaptation option for the district as the temperatures already today 
are high and are predicted to increase in the future.  
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It can be seen in Table 1 that most part of the cultivable area in Uttarkashi is rainfed. Due to a 
possible increase in evapotranspiration and decrease in precipitation during some months, the 
need for irrigation might increase in the area.  Thus, implementation of irrigation is another 
adaptation option that is suitable for Uttarkashi. Implementation of irrigation systems was 
also suggested by the farmers from the hills. Patna might also experience an increasing 
irrigation need in the future. However, a large part of the cultivable area in Patna is already 
irrigated, whereas developing the irrigation systems to become more efficient would be 
relevant. Water saving techniques is therefore a suitable adaptation option for Patna. 
Implementation of irrigation systems and water saving techniques are also suitable adaptation 
options with regards to possible future droughts.  
 
The farmers participating in the workshop raised concerns regarding the market price and that 
their income could not cover the investments they had to make in order to adapt to potential 
climate change induced impacts. A more correct market price from the farmers’ perspective, 
providing the farmers with a fair income, together with insurance schemes and improve 
access to credit would enable the farmers to be better prepared and handle future changes. 
Bihar is stated as one of the poorest states in India, and whilst Uttarakhand has a lower 
percentage of its population below the poverty line than most other Indian states (World 
Bank, 2016) it is known that farmers in hilly regions often meet harsh conditions. Adaptation 
options in terms of economic strategies such as insurance schemes, improved access to credit 
and a right/fair market price would therefore be of relevance in both districts and would 
enable the farmers to make own decisions regarding suitable measures to invest in when the 
conditions are changing. Moreover, they would be better protected against loss of harvest 
caused by for example floods and hailstorms. Livelihood diversification is further an 
adaptation options that can increase the farmers income and protect them against unpredicted 
events, as it is a way of spreading risks because there are several income sources. Livelihood 
diversification is however complex as it can also drive people away from farming completely 
(Lokargiwar, 2011).   
 
Very specific solutions involving high investments, such as hard infrastructure can be 
considered as high-regret measures (Ranger and Garbett-Shiels, 2012), as the projections of 
future impacts on the hydrological cycle due to climate change cannot predict any exact 
outcomes. Investing a lot in a specific solution could show to be unnecessary, causing lock-in 
effects rather than suitable adaptation options. Most of the identified adaptation options in this 
study can however be considered as no- or low-regret measures. For example changing crop 
varieties, in this case to heat-tolerant crop, is fairly easy and if the conditions are changing 
further it is possible to change to further new crop varieties. The adaptation options of 
economic strategies as well as disaster reduction plans can be considered as no- and low-
regret measures and can therefore be considered suitable also in terms of additional changes 
in the future. These measures show flexibility, meaning that it is possible to modify the 
adaptation options over time and with varying climate conditions. Such measures increase the 
resilience and adaptive capacity in the systems (Ranger and Garbett-Shiels, 2012). Financial 
resources also give the farmers the control of deciding further suitable measure themselves. 
Whether improved agriculture and road infrastructure and structures for flood prevention and 
adaptation will be flexible and suitable depends on the implementation and what specific 
solutions that will be used. These types of adaptation options would need to be investigated 
further, and over time, in order to enable a successful implementation.  
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Nine out of 63 of the adaptation options listed in Table 9 are sorted as transformational. Most 
adaptation options are thus focused on reacting to climate change impacts rather than 
transforming the system. Whether an adaptation options is considered as incremental or 
transformational is not always entirely clear. Kates et al. (2012) bring up three factors that can 
detect whether an adaptation option is transformational: enlarged scale or intensity, new 
adaptations, and different places and location. An adaptation option can thus in some places 
be transformational and in other be incremental depending on if the adaptation option is 
implemented in a greater scale and if it is new to the area. One example that could be 
considered as either transformational or incremental is improved access to credit. Improved 
access to credit enables further investments in other adaptation options that can be either 
incremental or transformational, and could therefore encourage change or retain the system as 
it is (Jerneck and Olsson, 2008). 
 
A right market price, insurance schemes and improved access to credit are adaptation options 
that the farmers themselves cannot influence. This needs to be on a higher level in the society, 
where policies and legislations could be helpful. India already have action plans in order to 
cope with climate change. The NAPCC has a mission with focus on sustainable agriculture, 
where ‘Agriculture insurance’ and ‘Credit support’ are part of the adaptation options included 
in the mission (Department of Agriculture & Cooperation Ministry of Agriculture, 2014).  
 
In order to identify suitable adaptation options for climate change impacts on agriculture in 
regions such as Patna and Uttarakhasi, the adaptation options must come to all farmers’ use, 
which is not the case today. One example is that all farmers do not have access to existing 
insurance schemes, which was brought up during the workshop. There was a difference 
between the farmers from the Ganges plains and the farmers from the hills in regards to how 
close contact they have to the government. The farmers from the Ganges plains had a close 
relation to Krishi Vigyan Kendras (KVK), which is a network founded by the Indian Council 
of Agricultural Research (ICAR) that conducts knowledge and technology dissemination in 
order to support and facilitate for farmers. The network has shown to have a positive effect on 
farming families’ incomes, with resulting investment in health, education, and improved 
agriculture practices (Suri, n.d.).The farmers from the hills on the other hand had no access to 
knowledge dissemination programs, and were thus not well connected to the government.  
 
The discussion with the farmers indicated that the farmers already adapted to some of the 
observed changes in climate by, for example, investing in technologies, shift the sowing and 
harvest period due to shift in growing season, and hold crop varieties such as the long- and 
short duration rice. The adaptation could particularly be seen for the farmers from the Ganges 
plains. In general, farmers from the hilly areas often meet harder conditions and are poorer 
than farmers from the plains, which is reflected in their much smaller farm size. The farmers 
from the hills will thus have a harder time to adapt to changes in the hydrological cycle 
caused by climate change in comparison to the farmers from the Ganges plains.  
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6.4 Suitability of methodology  
The thesis has focused on three climate variables: temperature, precipitation, and 
evapotranspiration. Other climate variables are available such as discharge and runoff. 
Additional climate variables are important to investigate to further see the future climate 
change impacts on water resources. Discharge for example is a variable highly related to 
floods, and would provide further indications if there were an increasing risk for more severe 
and intense floods in the future. In the WaterRain-Him project several climate variables are 
analysed, but within the scope of this thesis it was not possible to include all of them.  
 
This thesis has filled a knowledge gap in that it uses a smaller geographical scope than 
previous studies (e.g. Pechlivanidis et al (2016), Bhave et al. (2014)). It can however be 
questionable if the geographical scope is narrow enough, or if further downscaling would be 
necessary in order to suggest relevant adaptation options for local farmers. One sub-basin in 
the India-Hype is on average 810 km2, and in a mountainous area such as Uttarkashi the 
conditions change significantly within such an area. It might therefore be desirable to improve 
climate change projections further, in order to give stakeholders more tangible information to 
act upon.  
 
The uncertainties in the values should be considered when planning for adaptation options, as 
there can be several possible future outcomes. There are always uncertainties when it comes 
to climate projections, but hydrological modelling is still a helpful tool and what is of interest 
to look at are trends. The emission scenarios (RCPs) are the largest source of uncertainty 
when it comes to climate projections (Pechlivanidis et al., 2016). The reason is that there is 
unpredictability when it comes to future emissions. The RCP scenarios are based on 
anthropogenic emissions of greenhouse gases, and are thus linked to human behaviour. 
Human behaviour is impossible to predict, and thereby it is impossible to account for future 
greenhouse gas emissions with certainty (Foley, 2010). The projections are thus indications of 
what could happen and does not prepare for an exact future. 
 
The identified adaptation options in this study are partly based on the outcomes from the 
breakout sessions with farmers during the second workshop. The number of farmers 
participating in the workshop is not representative to draw any absolute conclusions, Meeting 
both progressive and subsistence farmers would have given further insights in the challenges 
farmers meet. According to Lokgariwar’s (2011) study, the interest of agriculture climate 
change adaptation was lacking for subsistence farmers in the hilly regions of Uttarakhand. A 
more extensive study was not possible due to time and economic constraints.  
 
The sample size of the questionnaire also affects the reliability; whereas the result received 
from it should be consider as complementary information to the results from the workshops. 
There are a number of adaptation options required for other sectors’ usage of water, which are 
not covered in this thesis. The adaptation options suggested in this study therefore need to be 
combined with adaptation options for other sectors to provide a holistic view of climate 
change adaptation in the area. Cross-sectorial adaptation options are a necessity in order to 
meet several interests.  
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The benefits of combining the top-down and bottom-up approaches are discussed in several 
studies (e.g. Bhave et al., 2014; HLPE, 2012; Arnell, 2010; Cannon and Müller-Mahn, 2010; 
Burton et al., 2005; Dessai and Hulme, 2004). The participatory approach of involving 
stakeholders is of importance, as involvement of stakeholders has shown to be successful 
when designing and implementing adaptation options (Sherman and Ford, 2013). The top-
down approach can exemplify future uncertainties that exist due to multiple climate change 
projections (Bhave et al., 2014) and could thereby prevent lock-in effects. The different focus 
in the two approaches can complement each other, both when it comes to the timescale and 
with the physical and social vulnerability focus (Dessai and Hulme). If only stakeholder 
preferences and present changes would be considered, there would be a risk for 
implementation of measures that would not be useful in the future. Hydro-climatic modelling 
enables predictions of possible trends, which is a crucial part in order to prevent unnecessary 
losses. The hydro-climatic modelling would, however, not be very useful on their own, as 
they do not provide any insights in social benefits and potential of implementation. Just 
stating that the temperature will rise, for example, is not of interest if the impact on the 
society is not added. The combination of hydro-climatic modelling and stakeholder 
preferences is therefore paramount.  
 
There are several areas that can be investigated further to get a clearer picture of vulnerability 
and future climate change impacts. All climate change adaptation options have both positive 
and negative effects and therefore need further investigation and monitoring over time to 
provide more accurate results. In regards to the suggested adaptation options, there is a need 
for investigating economic feasibility as well as finding the exact solutions for disaster risk 
preparedness, early warning systems, and improved infrastructure. How to implement the 
adaptation options also need further investigations, such as mainstreaming into existing plans 
as well as accessibility and acceptability among the farmers. An approach where the 
stakeholders can influence the modelling exercise from the beginning may also be preferable. 
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7. Conclusions 
This thesis has investigated possible climate change adaptation options for two districts in 
India, Uttarkahsi and Patna, by using hydro-climatic data, literature, and stakeholder 
participatory methods.  
 
The results from the analysis of the hydro-climatic data show an increase in average, 
minimum, and maximum temperature in both districts. Increase in minimum temperature can 
lead to more intense and severe hailstorms for both districts in the future. The increase in 
temperature in Uttarkashi could lead to prolonged growing season and the increase in average 
and maximum temperature in Patna could lead to the crops experiencing heat-stress and 
thereby decrease the yield  
 
Trends of precipitation indicate an increase in maximum and average precipitation during the 
monsoon period in Patna, as well as an increasing trend over time. An increase in maximum 
and average precipitation can be seen in September, and November for all RCP scenarios 
(except for RCP 4.5 in P3 in November), and in August for RCP 2.6 and 8.5 in Uttarkashi. 
The increase in precipitation could lead to more severe and intense natural disasters e.g. 
landslides in Uttarkashi and floods in Patna. The remaining months shows a large variability 
for both districts and there are scenarios with both increase and decrease in precipitation.  
 
Furthermore, there is an increasing trend in evapotranspiration for both districts, except for a 
few scenarios in April and May in Patna and April, May and June in Uttarkashi where a 
decrease in average evapotranspiration can be seen. The increase in evapotranspiration may 
lead to an increase in irrigation need in the months where the average precipitation also is 
decreasing.   
 
The climate change induced impacts, in combination with already observed changes and 
stakeholder preferences have enabled identification of suitable adaptation options for the 
targeted districts.  
 
For Uttarakhasi, the identified adaptation options were; improved agriculture and road 
infrastructure, sowing date adjustment, and implementation of irrigation system. For Patna, 
suitable adaptation options were heat tolerant crop, water saving techniques, and structure for 
flood prevention and adaptation. Disaster reduction plans, early warning systems, livelihood 
diversification, insurance schemes, improved access to credit, and right/fair market price are 
adaptation options identified for both districts.  
 
The combination of hydro-climatic modelling and stakeholder participatory methods has 
enabled identification of suitable adaptation options. The combination of top-down (hydro-
climatic modelling) and bottom-up (stakeholder participation) is advantageous as it enables 
identification of future climate change impacts, and can therefore prevent lock-in effects and 
unnecessary losses, as well as consider present vulnerability and social aspects that will 
facilitate the implementation of adaptation options.   
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Appendix 1 
 

 
Figure I. Absolute values in monthly average temperature for Uttarkashi 

 

 
Figure II. Absolute values in monthly average temperature for Patna 
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Table I. Absolute monthly values and standard deviation in average temperature 

Average monthly 
temperature  (mm)  

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  3.2±0.7 5.0±0.7 8.6±0.8 13.3±0.7 16.0±0.9 17.1±0.7 16.3±0.6 15.5±0.4 14.6±0.5 12.0±0.6 8.5±0.7 5.4±0.8 
2011-2040 RCP 2.6 4.7±0.6 5.7±0.7 9.3±0.8 14.2±0.9 17.1±0.8 18.2±0.7 17.3±0.6 16.6±0.4 15.7±0.6 13.1±0.5 9.7±0.5 6.5±0.4 
 RCP 4.5 4.5±0.8 5.6±0.8 9.4±0.7 14.4±0.7 17.2±0.8 18.1±0.7 17.3±0.5 16.6±0.5 15.6±0.5 13.0±0.4 9.7±0.7 6.5±0.8 
 RCP 6.0 4.3±0.7 5.8±0.8 9.4±0.7 13.9±0.8 17.1±0.8 18.0±0.6 17.1±0.5 16.4±0.4 15.5±0.5 12.8±0.4 9.6±0.6 6.4±0.6 
 RCP 8.5 4.6±0.9 6.1±0.9 10.1±0.7 14.7±0.9 17.6±0.8 18.4±0.6 17.3±0.5 16.6±0.5 15.8±0.5 13.2±0.6 9.9±0.7 6.8±0.7 
2041-2070 RCP 2.6 4.8±0.6 6.1±0.4 9.7±0.9 14.6±0.8 17.6±0.8 18.8±0.6 17.9±0.5 16.9±0.4 16.1±0.4 13.6±0.5 10.2±0.6 7.0±0.7 
 RCP 4.5 5.5±0.8 6.8±0.7 10.5±1.0 15.7±0.8 18.4±0.8 19.2±0.6 18.2±0.5 17.4±0.5 16.7±0.5 14.2±0.6 10.9±0.5 7.8±0.8 
 RCP 6.0 5.2±0.8 6.5±0.8 10.4±0.8 15.2±0.7 18.0±0.8 19.1±0.5 18.1±0.6 17.3±0.5 16.6±0.5 14.0±0.5 10.7±0.6 7.4±0.7 
 RCP 8.5 6.8±1.0 7.8±1.0 11.6±1.1 16.6±0.9 19.1±1.0 20.1±0.8 18.7±0.8 18.0±0.7 17.4±0.8 15.2±0.8 11.8±0.8 8.9±1.0 
2071-2100 RCP 2.6 4.9±0.6 6.1±0.8 9.9±0.8 14.6±0.8 17.7±1.0 18.7±0.6 17.6±0.5 16.9±0.5 15.9±0.4 13.7±0.5 10.1±0.5 6.9±0.7 
 RCP 4.5 6.5±0.8 7.6±0.8 11.2±1.0 16.3±1.0 18.8±0.9 19.8±0.7 18.4±0.6 17.7±0.4 17.1±0.4 14.7±0.5 11.5±0.5 8.6±0.7 
 RCP 6.0 6.5±0.9 7.6±0.8 11.6±0.9 16.7±0.9 19.2±0.8 20.3±0.7 18.8±0.6 18.2±0.5 17.7±0.4 15.4±0.5 12.0±0.5 8.8±0.8 
 RCP 8.5 8.9±1.2 10.3±1.2 14.4±1.0 19.0±1.1 21.8±1.1 22.4±0.7 20.6±0.8 19.9±0.7 19.4±0.8 17.3±0.7 14.1±0.8 11.2±0.8 
Patna 
Reference period  16.4±0.6 19.4±0.7 24.5±0.6 29.8±0.5 32.4±0.6 32.4±1.0 30.0±0.6 29.4±0.3 29.4±0.3 27.0±0.5 22.0±0.5 17.6±0.6 
2011-2040 RCP 2.6 17.8±0.5 20.3±0.6 25.3±0.6 30.4±0.7 33.3±0.6 32.7±0.8 30.7±0.6 30.0±0.3 30.1±0.4 27.8±0.4 22.9±0.4 18.4±0.4 
 RCP 4.5 17.6±0.8 20.1±0.7 25.5±0.6 30.7±0.5 33.3±0.6 33.1±0.9 30.8±0.8 30.1±0.3 30.2±0.3 27.8±0.5 22.9±0.6 18.4±0.7 
 RCP 6.0 17.5±0.7 20.3±0.7 25.4±0.7 30.6±0.6 33.1±0.5 32.7±0.9 30.7±0.5 30.0±0.4 30.0±0.3 27.7±0.4 23.0±0.5 18.3±0.5 
 RCP 8.5 17.5±0.8 20.2±0.7 25.7±0.5 30.8±0.6 33.4±0.7 32.8±0.9 30.7±0.6 30.2±0.4 30.3±0.4 27.9±0.6 23.1±0.6 18.5±0.7 
2041-2070 RCP 2.6 18.1±0.5 20.8±0.6 25.9±0.6 31.1±0.5 33.8±0.5 33.5±0.8 31.1±0.6 30.3±0.4 30.5±0.3 28.2±0.4 23.3±0.5 18.9±0.5 
 RCP 4.5 18.5±0.7 21.1±0.6 26.4±0.7 31.7±0.6 34.3±0.7 33.8±1.1 31.3±0.6 30.7±0.4 30.8±0.3 28.5±0.4 23.8±0.5 19.3±0.5 
 RCP 6.0 18.3±0.6 20.9±0.7 26.1±0.7 31.4±0.6 34.0±0.7 33.9±1.2 31.2±0.6 30.6±0.4 30.7±0.3 28.4±0.4 23.7±0.6 19.2±0.5 
 RCP 8.5 19.5±0.8 22.0±0.9 27.4±0.9 32.7±0.8 35.1±0.8 34.3±1.2 32.0±0.6 31.3±0.6 31.5±0.6 29.4±0.6 24.7±0.6 20.3±0.7 
2071-2100 RCP 2.6 18.1±0.6 20.8±0.7 25.9±0.8 31.2±0.6 33.8±0.8 33.3±1.0 31.2±0.5 30.4±0.3 30.5±0.2 28.2±0.4 23.4±0.5 18.9±0.5 
 RCP 4.5 19.0±0.5 21.7±0.7 27.0±0.8 32.4±0.6 35.0±0.6 34.5±1.1 31.7±0.7 31.1±0.4 31.3±0.3 29.1±0.3 24.2±0.5 19.8±0.4 
 RCP 6.0 19.4±0.7 21.7±0.7 27.3±0.6 32.6±0.8 35.4±0.5 34.8±1.0 32.1±0.7 31.5±0.5 31.7±0.4 29.6±0.5 24.7±0.5 20.2±0.6 
 RCP 8.5 21.3±1.0 24.1±1.0 29.5±1.1 34.7±1.0 37.1±1.1 36.4±1.3 33.4±0.8 32.8±0.5 33.2±0.6 31.5±0.7 26.6±0.7 22.1±0.7 
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Figure III. Absolute values in monthly maximum temperature for Uttarkashi 

 

 
Figure IV. Absolute values in monthly maximum temperature for Patna 
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Table II. Absolute monthly values and standard deviation in maximum temperature 

Maximum monthly 
temperature (°C)  

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  4.7±0.8 7.0±0.6 11.2±1.0 15.2±0.9 17.4±0.8 18.1±0.8 17.4±0.7 16.3±0.5 15.5±0.6 13.4±0.6 9.8±0.7 7.1±1.0 
2011-2040 RCP 2.6 6.1±0.6 7.7±0.9 11.8±0.9 16.1±1.1 18.5±0.9 19.2±0.8 18.4±0.7 17.4±0.5 16.5±0.5 14.3±0.6 11.2±0.7 8.1±0.5 
 RCP 4.5 6.1±0.9 8.0±0.8 12.0±1.0 16.6±1.1 18.6±0.9 19.3±0.7 18.5±0.7 17.4±0.5 16.5±0.6 14.4±0.6 11.1±0.6 7.9±0.8 
 RCP 6.0 5.8±0.8 8.0±0.9 12.0±1.0 16.1±0.8 18.4±0.9 19.1±0.7 18.2±0.7 17.1±0.5 16.2±0.5 14.2±0.5 11.0±0.6 8.0±0.7 
 RCP 8.5 6.0±0.8 8.2±0.9 12.5±1.0 16.9±1.1 18.8±1.0 19.4±0.6 18.6±0.8 17.4±0.5 16.7±0.6 14.6±0.7 11.2±0.8 8.1±0.7 
2041-2070 RCP 2.6 6.2±0.5 8.0±0.6 12.4±1.3 16.6±0.9 18.8±0.8 19.8±0.7 18.9±0.5 17.7±0.4 16.9±0.4 15.0±0.6 11.7±0.5 8.5±0.8 
 RCP 4.5 7.0±0.8 9.0±0.9 13.0±1.1 17.7±0.8 19.7±0.8 20.3±0.7 19.4±0.6 18.2±0.5 17.6±0.5 15.5±0.6 12.3±0.5 9.2±0.8 
 RCP 6.0 6.7±0.9 8.8±0.6 13.1±1.0 17.2±0.8 19.2±0.9 20.1±0.6 19.3±0.7 18.1±0.5 17.4±0.6 15.4±0.6 12.1±0.8 8.8±0.6 
 RCP 8.5 8.2±1.0 9.8±1.1 14.2±1.4 18.5±1.1 20.4±1.1 21.3±0.8 19.9±0.9 18.9±0.7 18.2±0.9 16.6±0.8 13.2±0.9 10.2±1.1 
2071-2100 RCP 2.6 6.4±0.7 8.2±1.1 12.2±1.0 16.7±0.9 19.0±1.2 19.9±0.8 18.7±0.6 17.8±0.5 16.8±0.5 15.0±0.5 11.6±0.6 8.4±0.8 
 RCP 4.5 7.9±0.8 9.5±1.1 13.7±1.1 18.2±1.4 20.1±0.9 21.1±0.7 19.6±0.8 18.4±0.5 18.0±0.6 15.9±0.5 12.8±0.5 10.0±0.7 
 RCP 6.0 7.9±0.9 9.6±0.8 14.3±1.3 18.6±1.0 20.4±0.9 21.5±0.7 20.1±0.7 19.0±0.6 18.4±0.5 16.6±0.6 13.5±0.6 10.3±0.7 
 RCP 8.5 10.2±1.0 12.5±1.3 16.9±1.2 21.0±1.3 23.0±1.1 23.8±0.9 22.0±1.0 20.8±0.9 20.2±0.8 18.5±0.8 15.4±0.9 12.5±0.8 
Patna 
Reference period  17.9±0.7 21.9±0.7 27.8±0.9 31.9±0.6 34.1±0.8 33.9±1.1 31.4±0.9 30.2±0.4 30.2±0.4 28.8±0.6 24.5±0.7 19.4±0.7 
2011-2040 RCP 2.6 19.2±0.6 22.7±0.7 28.4±0.8 32.4±0.7 34.8±0.7 34.2±0.9 32.2±0.9 30.8±0.4 30.9±0.4 29.5±0.5 25.3±0.7 20.4±0.6 
 RCP 4.5 18.9±0.8 22.9±0.9 28.6±0.9 32.9±0.9 34.8±0.7 34.7±1.0 32.3±1.0 31.0±0.4 30.9±0.5 29.4±0.6 25.4±0.7 20.2±0.8 
 RCP 6.0 18.9±0.8 22.9±1.1 28.4±1.0 32.6±0.8 34.6±0.6 34.3±1.1 31.9±0.8 30.9±0.6 30.7±0.4 29.5±0.4 25.4±0.6 20.3±0.7 
 RCP 8.5 19.0±0.8 22.8±0.7 28.5±0.8 32.9±0.8 34.9±0.8 34.4±1.0 32.1±0.9 31.0±0.6 31.0±0.4 29.7±0.7 25.3±0.7 20.4±0.7 
2041-2070 RCP 2.6 19.4±0.7 23.0±0.8 28.8±0.7 33.1±0.6 35.5±0.8 35.3±1.0 32.4±0.7 31.2±0.4 31.3±0.4 30.0±0.5 25.8±0.5 20.8±0.6 
 RCP 4.5 19.6±0.6 23.8±0.8 29.3±1.0 33.9±0.9 35.9±0.9 35.3±1.2 32.9±0.9 31.6±0.5 31.6±0.4 30.1±0.6 26.2±0.5 21.1±0.5 
 RCP 6.0 19.7±0.6 23.3±1.1 29.2±0.8 33.6±0.7 35.6±1.0 35.3±1.3 32.7±1.0 31.5±0.5 31.6±0.4 30.0±0.6 25.9±0.7 21.2±0.7 
 RCP 8.5 20.7±0.8 24.5±1.0 30.3±0.9 34.7±0.9 36.7±0.9 36.1±1.4 33.4±0.9 32.2±0.7 32.4±0.7 31.1±0.6 27.2±0.7 22.0±0.8 
2071-2100 RCP 2.6 19.6±0.6 23.3±1.0 28.8±1.0 33.4±0.6 35.3±0.9 35.1±1.0 32.5±0.9 31.2±0.5 31.3±0.3 29.9±0.5 25.7±0.5 20.8±0.6 
 RCP 4.5 20.4±0.7 24.3±0.9 29.9±1.1 34.7±0.8 36.7±0.7 36.3±1.1 33.2±1.0 31.9±0.5 32.2±0.4 30.8±0.5 26.5±0.6 21.7±0.5 
 RCP 6.0 20.5±0.8 24.3±0.9 30.3±0.8 34.7±1.0 37.0±0.6 36.7±1.2 33.5±0.9 32.4±0.6 32.6±0.6 31.2±0.7 27.1±0.6 22.1±0.6 
 RCP 8.5 22.5±1.1 26.8±1.1 32.4±1.1 36.8±1.1 38.8±1.3 38.3±1.4 35.0±1.0 33.7±0.7 34.1±0.6 33.1±0.9 29.2±0.8 24.1±0.8 
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Figure V. Absolute values in monthly minimum temperature for Uttarkashi 

 
 
Figure VI. Absolute values in average minimum temperature for Patna 
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Table III. Absolute monthly values and standard deviation in minimum temperature 

Minimum monthly 
temperature ( °C) 

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  1.9±0.9 2.7±1.3 5.9±1.0 11.3±0.7 14.6±0.9 16.0±0.7 15.3±0.5 14.7±0.4 13.4±0.8 10.2±0.8 7.1±0.8 3.5±0.9 
2011-2040 RCP 2.6 3.4±0.8 3.7±0.7 6.8±1.2 12.0±1.1 15.5±1.0 17.1±0.8 16.3±0.7 15.8±0.5 14.6±0.8 11.5±0.8 8.1±0.7 4.8±0.6 
 RCP 4.5 3.0±0.9 3.5±1.0 6.8±0.9 11.9±0.9 15.9±0.9 17.0±0.8 16.4±0.5 15.9±0.6 14.6±0.6 11.3±0.7 8.4±1.0 4.8±0.9 
 RCP 6.0 3.0±0.8 3.5±1.1 6.7±0.8 11.8±1.0 15.6±1.1 17.0±0.6 16.1±0.5 15.6±0.4 14.3±0.7 11.2±0.7 8.1±0.8 4.6±0.7 
 RCP 8.5 3.2±1.0 3.9±1.2 7.6±0.8 12.5±1.0 16.2±0.8 17.3±0.7 16.4±0.5 15.8±0.5 14.7±0.8 11.5±0.8 8.6±0.8 5.1±0.8 
2041-2070 RCP 2.6 3.4±0.8 4.2±0.7 7.1±1.0 12.2±1.0 16.2±0.9 17.6±0.8 16.9±0.6 16.1±0.5 15.1±0.6 11.9±0.8 8.7±0.7 5.3±0.9 
 RCP 4.5 4.1±1.0 4.7±1.0 7.9±1.4 13.1±1.2 17.1±0.9 18.1±0.7 17.1±0.4 16.5±0.5 15.5±0.7 12.6±0.6 9.6±0.6 6.0±0.9 
 RCP 6.0 3.8±1.0 4.4±1.2 7.8±1.0 12.8±1.0 16.5±1.1 17.8±0.6 17.0±0.6 16.4±0.5 15.3±0.7 12.3±0.9 9.4±0.8 5.6±1.1 
 RCP 8.5 5.4±1.0 5.8±1.1 8.8±1.3 14.2±1.2 17.7±1.0 18.8±0.9 17.7±0.8 17.1±0.7 16.3±1.0 13.5±1.0 10.6±0.9 7.3±1.2 
2071-2100 RCP 2.6 3.5±0.8 4.1±1.0 7.4±1.2 12.2±0.9 16.4±0.9 17.4±0.6 16.7±0.4 16.1±0.5 15.0±0.6 12.0±0.6 8.7±0.6 5.0±0.7 
 RCP 4.5 5.2±1.0 5.6±1.0 8.6±1.3 13.8±1.2 17.4±1.2 18.6±0.8 17.4±0.4 16.8±0.6 16.0±0.5 13.0±0.9 10.3±0.8 6.8±1.0 
 RCP 6.0 5.1±1.0 5.7±1.1 8.9±1.0 14.5±1.0 17.9±1.0 19.1±0.7 17.9±0.6 17.4±0.6 16.7±0.7 13.8±0.7 10.6±0.6 7.2±0.9 
 RCP 8.5 7.5±1.4 8.2±1.4 11.8±1.4 16.8±1.1 20.5±1.1 20.8±0.8 19.5±0.8 18.9±0.6 18.5±0.9 15.8±0.9 12.9±1.0 9.6±1.0 
Patna 
Reference period  15.1±0.7 17.1±1.1 21.2±0.9 27.6±0.8 30.8±0.8 30.7±0.9 28.9±0.5 28.6±0.3 28.5±0.5 24.8±0.8 19.5±0.6 15.7±0.7 
2011-2040 RCP 2.6 16.7±0.6 18.3±0.9 22.2±0.9 28.1±1.0 31.6±0.9 30.8±1.1 29.6±0.5 29.1±0.3 29.1±0.6 25.6±0.6 20.5±0.5 16.8±0.6 
 RCP 4.5 16.4±0.7 17.7±0.9 22.5±1.1 28.3±0.7 31.4±0.8 31.4±0.9 29.7±0.6 29.1±0.4 29.2±0.5 25.6±0.8 20.5±0.8 16.7±0.8 
 RCP 6.0 16.2±0.8 18.0±0.9 22.0±1.0 28.3±0.8 31.3±0.8 31.0±0.8 29.6±0.5 29.1±0.4 29.3±0.3 25.6±0.6 20.5±0.7 16.6±0.7 
 RCP 8.5 16.3±1.0 17.9±1.0 22.6±0.7 28.3±0.8 31.7±0.9 31.2±0.9 29.6±0.6 29.3±0.4 29.3±0.4 25.7±0.7 20.7±0.6 16.8±0.8 
2041-2070 RCP 2.6 16.9±0.7 18.8±0.8 22.6±0.8 28.8±0.8 32.1±1.0 31.6±1.0 30.0±0.5 29.4±0.5 29.6±0.5 26.0±0.5 20.8±0.7 17.3±0.7 
 RCP 4.5 17.3±0.8 19.0±1.0 23.2±1.1 29.0±0.8 32.6±0.8 32.2±1.3 30.1±0.6 29.8±0.4 29.8±0.5 26.5±0.6 21.1±0.6 17.7±0.7 
 RCP 6.0 17.0±0.9 18.7±0.9 22.9±0.9 29.0±1.0 32.4±0.7 32.0±1.1 30.1±0.5 29.7±0.4 29.7±0.4 26.1±0.6 21.2±0.8 17.6±0.8 
 RCP 8.5 18.4±0.9 19.9±1.0 24.0±1.2 30.4±1.0 33.3±0.9 32.3±1.2 30.9±0.6 30.4±0.7 30.5±0.6 27.4±0.7 22.2±0.7 18.7±0.9 
2071-2100 RCP 2.6 16.8±0.8 18.7±0.9 22.8±1.0 28.6±0.9 32.1±1.0 31.5±1.3 30.1±0.5 29.5±0.3 29.5±0.4 25.9±0.6 21.0±0.6 17.2±0.7 
 RCP 4.5 17.9±0.7 19.6±1.0 23.9±1.0 29.6±0.8 33.1±0.8 32.6±0.9 30.6±0.6 30.1±0.4 30.3±0.4 26.8±0.6 21.8±0.5 18.0±0.7 
 RCP 6.0 18.2±0.8 19.5±0.8 24.1±0.8 30.5±0.7 33.5±0.7 32.7±1.2 31.0±0.6 30.5±0.5 30.6±0.5 27.3±0.7 22.2±0.6 18.7±0.8 
 RCP 8.5 20.2±1.0 21.8±1.2 26.4±1.4 32.5±1.0 35.2±1.1 34.2±1.3 32.1±0.8 31.7±0.5 32.2±0.7 29.4±0.9 24.1±0.8 20.7±0.9 
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Figure VII. Absolute values in monthly average precipitation for Uttarkashi 

 
Figure VIII. Absolute values in monthly average precipitation for Patna 
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Table IV. Absolute monthly values and standard deviation in average precipitation 

Average monthly 
precipitation  (mm)  

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  4.2±1.9 4.0±1.2 4.4±1.5 3.1±1.0 4.2±1.7 10.3±5.2 25.4±6.2 32.4±7.6 15.8±5.0 3.8±1.3 0.5±0.2 1.6±0.5 
2011-2040 RCP 2.6 4.8±1.4 3.9±1.0 4.4±1.4 3.5±1.3 3.7±1.3 10.1±4.2 25.9±8.2 29.8±8.2 19.5±6.0 3.0±1.1 0.6±0.2 1.8±0.6 
 RCP 4.5 4.9±1.7 3.5±1.0 4.1±1.3 2.7±0.9 3.7±1.0 9.5±3.5 24.2±6.6 27.6±6.1 18.8±5.8 3.7±1.4 0.6±0.2 1.6±0.5 
 RCP 6.0 4.4±1.6 3.9±1.3 4.7±1.4 3.1±0.9 3.7±1.5 10.8±4.2 27.4±6.7 27.9±5.8 16.9±4.9 3.5±1.1 0.7±0.3 1.9±0.6 
 RCP 8.5 3.7±1.8 3.2±1.0 3.9±1.2 2.8±0.8 3.6±1.0 9.8±3.8 26.5±5.7 32.8±7.6 17.5±5.5 3.7±1.5 0.6±0.2 1.8±0.7 
2041-2070 RCP 2.6 4.4±1.9 3.6±1.1 4.4±1.1 3.5±1.1 3.6±1.0 10.6±4.4 25.2±7.5 32.7±9.4 17.5±5.4 3.6±1.7 0.6±0.2 1.7±0.7 
 RCP 4.5 3.8±1.3 3.3±1.1 4.4±1.3 2.8±1.0 3.8±1.0 9.1±3.8 25.5±4.6 30.0±8.0 19.6±7.5 4.0±1.6 0.6±0.3 1.6±0.7 
 RCP 6.0 4.5±1.6 3.4±1.6 4.4±1.8 3.2±1.4 3.6±1.2 10.5±3.9 25.8±5.4 29.7±7.0 17.7±6.3 3.5±1.4 0.6±0.3 1.8±0.8 
 RCP 8.5 4.4±1.3 3.5±1.3 4.0±1.3 2.8±1.3 3.7±1.2 10.5±4.3 27.0±5.8 32.7±7.9 17.9±5.5 3.8±1.8 0.6±0.2 1.7±0.7 
2071-2100 RCP 2.6 4.5±1.6 3.4±1.6 4.4±1.6 3.1±1.3 3.9±1.4 11.0±4.1 26.9±6.6 31.7±8.1 16.3±6.0 3.8±1.8 0.6±0.2 1.5±0.5 
 RCP 4.5 4.3±2.0 3.6±1.8 4.4±1.5 2.9±1.0 4.1±1.8 10.3±4.1 28.0±4.6 36.6±7.0 17.1±4.3 3.7±1.3 0.5±0.3 1.6±0.8 
 RCP 6.0 4.4±2.1 2.8±0.9 4.3±1.4 3.1±1.5 3.8±1.4 10.2±4.9 29.7±7.6 34.1±10.0 16.9±4.9 3.1±1.7 0.5±0.2 1.6±0.7 
 RCP 8.5 4.0±1.5 2.3±0.9 3.7±1.3 2.5±1.1 3.5±1.3 10.3±4.0 26.1±5.7 33.7±9.9 21.2±6.9 4.1±1.8 0.5±0.3 1.5±0.8 
Patna 
Reference period  0.4±0.2 0.6±0.3 0.3±0.2 0.4±0.2 0.8±0.3 3.6±1.0 9.5±1.4 9.7±1.5 7.2±1.2 2.1±0.7 0.2±0.1 0.1±0.1 
2011-2040 RCP 2.6 0.4±0.3 0.6±0.3 0.3±0.2 0.3±0.2 0.9±0.7 4.2±1.4 9.5±1.5 11.0±1.6 7.7±1.3 2.6±1.7 0.2±0.1 0.1±0.1 
 RCP 4.5 0.4±0.3 0.5±0.3 0.3±0.4 0.3±0.3 1.0±0.5 3.5±0.9 9.9±1.9 10.3±1.4 7.8±1.3 2.4±1.1 0.2±0.2 0.1±0.1 
 RCP 6.0 0.3±0.2 0.7±0.5 0.3±0.1 0.3±0.2 1.0±0.4 3.8±1.5 9.7±1.7 10.5±1.7 7.9±1.4 2.3±0.9 0.3±0.1 0.1±0.1 
 RCP 8.5 0.4±0.2 0.5±0.2 0.3±0.2 0.3±0.1 0.9±0.4 3.8±1.1 10.0±2.2 10.1±1.6 7.8±1.4 2.4±0.8 0.3±0.2 0.1±0.1 
2041-2070 RCP 2.6 0.4±0.2 0.4±0.3 0.2±0.1 0.3±0.2 0.9±0.5 3.8±0.9 9.6±1.4 10.4±1.9 8.0±1.3 2.3±0.7 0.3±0.1 0.1±0.1 
 RCP 4.5 0.4±0.3 0.6±0.4 0.4±0.3 0.3±0.2 1.1±0.6 4.1±1.3 10.4±1.7 11.1±1.3 8.6±1.7 2.5±0.9 0.3±0.2 0.1±0.1 
 RCP 6.0 0.4±0.3 0.6±0.4 0.3±0.2 0.3±0.1 0.9±0.4 3.6±0.8 10.7±2.0 11.0±1.7 8.3±1.8 2.5±0.8 0.3±0.2 0.1±0.1 
 RCP 8.5 0.3±0.2 0.5±0.3 0.3±0.2 0.3±0.2 0.9±0.4 4.3±1.0 10.0±1.8 11.2±1.9 8.4±1.9 3.0±1.3 0.2±0.1 0.1±0.1 
2071-2100 RCP 2.6 0.5±0.4 0.5±0.4 0.3±0.2 0.3±0.2 1.0±0.4 4.0±1.0 9.6±1.6 11.4±1.4 8.5±1.3 2.3±0.6 0.3±0.2 0.1±0.1 
 RCP 4.5 0.5±0.3 0.7±0.6 0.3±0.2 0.3±0.2 1.1±0.5 4.6±1.3 10.8±2.3 11.8±1.7 8.6±1.4 2.9±1.4 0.2±0.1 0.1±0.1 
 RCP 6.0 0.3±0.2 0.5±0.2 0.2±0.1 0.4±0.3 0.9±0.4 4.3±1.7 10.9±2.9 11.1±1.6 9.4±1.5 3.5±2.1 0.2±0.1 0.1±0.1 
 RCP 8.5 0.3±0.2 0.3±0.2 0.3±0.2 0.3±0.2 1.0±0.5 4.6±1.6 12.4±2.5 12.6±2.3 9.6±2.2 3.1±1.4 0.2±0.1 0.1±0.1 



 IX 

 
 
 

 
  
Figure IX. Absolute values in monthly maximum precipitation for Uttarkashi 

 
  
Figure X. Absolute values in monthly maximum precipitation for Patna 
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Table V. Absolute monthly values and standard deviation in maximum precipitation 

Maximum monthly 
precipitation  (mm)  

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  23.5±10.1 16.5±4.2 19.5±5.2 13.7±5.5 21.2±14.1 39.8±29.9 67.4±28.2 73.5±18.2 49.7±21.9 21.2±7.6 2.4±0.9 8.9±3.4 
2011-2040 RCP 2.6 22.9±8.8 18.3±5.7 19.7±6.8 13.9±6.2 17.0±6.4 38.2±25.9 69.2±29.7 74.4±28.9 62.5±26.3 19.4±8.9 3.0±1.4 10.4±4.7 
 RCP 4.5 24.2±6.3 17.0±6.1 18.9±6.3 13.0±7.4 17.2±6.9 34.8±19.0 59.3±18.9 63.8±16.4 63.0±24.6 21.9±11.8 2.6±1.1 8.9±3.7 
 RCP 6.0 23.9±8.5 19.1±7.1 20.7±7.5 13.6±5.4 17.1±11.5 48.6±34.7 75.6±31.2 65.7±19.6 57.4±26.0 20.5±8.3 3.0±1.3 9.7±4.7 
 RCP 8.5 20.9±7.3 17.3±6.3 17.8±6.4 12.9±4.4 15.9±7.8 37.1±21.8 72.4±26.3 80.8±32.4 56.9±26.1 20.2±9.7 2.9±1.5 10.5±4.1 
2041-2070 RCP 2.6 24.0±10.6 17.1±5.9 20.9±8.0 15.2±6.1 17.4±8.4 45.3±24.5 68.3±33.9 78.9±29.2 65.2±28.9 20.7±9.0 2.7±1.3 9.1±5.1 
 RCP 4.5 19.3±6.7 17.3±6.3 20.1±7.6 13.1±6.0 18.2±7.5 36.3±23.3 62.4±20.9 72.5±24.3 67.8±30.5 21.1±8.5 3.0±1.9 8.7±3.4 
 RCP 6.0 26.1±9.4 16.4±5.2 20.6±9.1 15.7±8.9 17.2±9.8 41.0±21.6 67.8±29.0 69.4±22.8 57.9±26.4 20.7±10.3 2.6±1.2 8.9±4.0 
 RCP 8.5 21.4±7.3 17.7±6.6 19.0±7.1 13.8±6.7 17.7±6.9 41.4±20.8 70.2±26.6 79.8±23.5 58.1±22.7 21.8±10.0 2.8±1.2 9.7±3.6 
2071-2100 RCP 2.6 23.2±7.8 16.0±6.3 20.8±7.4 14.4±7.2 17.1±6.7 43.9±26.3 70.3±27.9 78.4±27.3 49.4±18.1 22.6±8.8 2.9±1.4 7.6±4.0 
 RCP 4.5 21.3±7.9 17.3±6.6 19.5±8.2 14.7±8.0 20.0±8.6 40.6±24.0 71.5±21.3 86.2±22.9 53.0±18.7 21.0±7.8 2.4±1.1 8.8±3.8 
 RCP 6.0 24.8±8.7 13.7±5.1 20.2±10.4 15.8±9.0 17.4±9.8 36.6±20.5 73.2±23.6 74.9±20.5 53.2±18.0 19.8±9.9 2.6±1.2 10.9±6.5 
 RCP 8.5 22.5±6.6 13.1±5.1 18.4±6.7 14.4±9.3 16.1±7.2 42.4±18.5 62.1±16.1 83.6±31.5 73.4±28.1 23.8±10.4 2.9±1.5 9.3±4.9 
Patna 
Reference period  3.7±2.0 5.3±2.8 2.9±2.0 2.9±1.8 3.7±1.3 13.9±5.3 22.1±5.7 21.3±5.7 16.5±3.6 11.2±8.2 1.8±1.5 1.3±1.2 
2011-2040 RCP 2.6 3.6±2.8 4.2±2.4 2.7±1.9 2.2±1.2 5.6±7.1 17.4±12.9 22.4±6.4 25.0±5.5 20.0±5.2 13.6±11.5 1.4±1.0 1.0±0.9 
 RCP 4.5 3.1±2.7 3.8±2.2 2.6±4.4 2.7±1.8 5.0±2.1 12.6±4.0 24.2±6.3 25.4±8.1 20.3±6.0 12.1±10.2 1.4±1.3 1.0±0.9 
 RCP 6.0 2.8±1.8 6.6±6.3 2.4±1.8 2.4±1.8 4.9±2.2 15.5±6.6 25.2±8.7 24.0±7.4 21.1±7.1 11.9±9.4 1.8±1.2 1.0±0.7 
 RCP 8.5 3.5±2.8 4.2±1.9 2.7±2.2 2.1±1.5 5.2±2.7 13.6±4.3 26.1±9.3 23.3±8.5 20.1±4.8 11.0±6.1 2.7±2.8 1.1±0.8 
2041-2070 RCP 2.6 2.9±2.3 3.3±2.2 2.1±1.1 2.3±1.2 5.9±6.8 13.3±4.6 22.9±5.7 23.5±7.5 20.7±6.0 10.0±5.1 2.5±1.9 1.0±0.8 
 RCP 4.5 3.7±2.4 4.8±3.7 3.2±3.9 2.2±1.6 5.8±3.0 15.3±7.0 26.5±7.4 25.1±6.8 22.1±6.0 11.0±5.4 1.8±1.4 0.7±0.5 
 RCP 6.0 3.3±2.6 4.8±3.7 2.4±2.3 2.2±1.0 5.4±2.1 14.0±5.0 26.4±8.1 24.1±6.0 21.4±7.7 12.2±5.7 1.9±1.8 1.1±1.2 
 RCP 8.5 2.9±2.3 4.2±3.7 2.8±2.6 2.0±1.2 5.6±2.9 16.9±6.7 25.1±7.0 29.0±7.1 21.5±7.7 18.7±14.3 1.7±1.4 1.2±1.0 
2071-2100 RCP 2.6 3.6±2.8 4.1±2.8 3.1±2.6 2.3±1.6 5.4±2.9 14.1±5.0 20.5±5.4 26.4±4.9 24.4±6.5 11.5±4.8 2.4±1.9 1.1±1.1 
 RCP 4.5 3.7±3.1 5.5±4.1 2.4±1.8 2.1±1.1 6.0±2.5 15.4±6.4 25.4±7.6 27.4±8.5 22.3±6.7 14.8±13.9 1.4±1.0 1.2±0.8 
 RCP 6.0 3.0±2.5 3.9±2.5 2.0±1.2 2.6±2.2 4.7±2.0 18.3±14.8 28.1±8.5 24.6±5.1 26.0±8.1 19.6±18.6 1.4±1.3 0.8±0.9 
 RCP 8.5 2.4±1.7 2.8±2.3 2.6±2.4 2.2±1.3 5.1±2.5 16.4±6.8 33.4±9.4 31.3±10.1 29.6±12.6 15.3±12.5 1.5±1.5 1.2±1.1 
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Figure XI. Absolute values in monthly minimum precipitation for Uttarkashi 

 

 
Figure XII. Absolute values in monthly minimum precipitation for Patna 
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Table VI. Absolute monthly values and standard deviation in minimum precipitation 

Minimum monthly 
precipitation (mm)  

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.2 0.2±0.2 0.7±0.6 5.7±2.8 9.5±3.9 1.7±1.8 0.0±0.1 0.0±0.0 0.0±0.0 
2011-2040 RCP 2.6 0.0±0.0 0.0±0.0 0.0±0.1 0.3±0.2 0.2±0.2 1.0±1.2 6.2±3.5 8.2±4.1 1.9±1.8 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 4.5 0.0±0.0 0.0±0.0 0.0±0.1 0.1±0.1 0.3±0.3 0.9±1.0 5.4±2.7 7.7±3.7 1.3±1.9 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 6.0 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.2 0.2±0.2 0.8±0.7 6.7±2.8 8.0±4.1 1.5±1.6 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 8.5 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.1 0.3±0.2 0.9±0.8 6.4±3.8 9.2±4.2 1.6±2.3 0.0±0.0 0.0±0.0 0.0±0.0 
2041-2070 RCP 2.6 0.0±0.0 0.0±0.0 0.0±0.0 0.3±0.2 0.2±0.3 1.0±1.2 6.1±2.8 8.8±4.3 1.1±1.1 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 4.5 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.1 0.2±0.2 0.7±0.7 5.5±2.5 9.1±5.2 1.6±1.4 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 6.0 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.1 0.2±0.2 1.1±1.0 6.0±3.3 7.8±3.7 1.8±1.5 0.0±0.1 0.0±0.0 0.0±0.0 
 RCP 8.5 0.0±0.0 0.0±0.0 0.1±0.1 0.1±0.1 0.2±0.1 0.6±0.7 6.2±3.5 9.2±5.5 1.2±1.2 0.0±0.1 0.0±0.0 0.0±0.0 
2071-2100 RCP 2.6 0.0±0.0 0.0±0.1 0.1±0.1 0.2±0.2 0.2±0.2 0.9±0.9 6.3±3.5 8.0±3.0 2.0±2.5 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 4.5 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.2 0.2±0.4 0.6±0.7 6.6±4.5 10.5±4.2 2.0±1.8 0.0±0.1 0.0±0.0 0.0±0.0 
 RCP 6.0 0.0±0.0 0.0±0.0 0.1±0.1 0.2±0.2 0.2±0.2 0.8±1.1 7.3±3.8 9.2±5.2 1.3±1.1 0.0±0.0 0.0±0.0 0.0±0.0 
 RCP 8.5 0.0±0.0 0.0±0.0 0.0±0.1 0.1±0.1 0.2±0.2 0.4±0.7 5.6±3.7 8.3±5.0 2.0±2.4 0.0±0.0 0.0±0.0 0.0±0.0 
Patna 
Reference period  0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.3±0.2 2.8±1.1 3.8±0.9 1.8±1.0 0.1±0.1 0.0±0.0 0.0±0.0 
2011-2040 RCP 2.6 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.4±0.2 2.8±0.8 4.1±1.0 1.9±0.8 0.1±0.1 0.0±0.0 0.0±0.0 
 RCP 4.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.4±0.2 3.3±1.0 3.8±1.0 1.9±0.9 0.1±0.1 0.0±0.0 0.0±0.0 
 RCP 6.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.3±0.3 2.9±1.0 4.3±1.2 1.9±0.8 0.1±0.1 0.0±0.0 0.0±0.0 
 RCP 8.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.3±0.2 3.0±1.0 3.9±0.9 1.9±0.8 0.1±0.1 0.0±0.0 0.0±0.0 
2041-2070 RCP 2.6 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.2±0.2 3.3±0.8 4.0±1.1 2.0±0.9 0.2±0.2 0.0±0.0 0.0±0.0 
 RCP 4.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.5±0.3 3.0±1.2 3.8±1.1 2.4±0.9 0.1±0.1 0.0±0.0 0.0±0.0 
 RCP 6.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.3±0.2 3.2±1.0 4.0±1.0 1.8±0.8 0.1±0.1 0.0±0.0 0.0±0.0 
 RCP 8.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.4±0.3 2.8±1.0 3.9±1.2 2.1±0.8 0.1±0.1 0.0±0.0 0.0±0.0 
2071-2100 RCP 2.6 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.4±0.3 2.9±0.9 4.5±1.1 2.3±1.0 0.1±0.2 0.0±0.0 0.0±0.0 
 RCP 4.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.4±0.4 3.7±1.1 4.3±1.1 2.4±1.2 0.1±0.1 0.0±0.0 0.0±0.0 
 RCP 6.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.4±0.3 3.3±1.5 4.2±1.3 2.6±1.3 0.2±0.2 0.0±0.0 0.0±0.0 
 RCP 8.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.6±0.4 3.2±0.8 4.6±0.9 2.2±1.0 0.1±0.2 0.0±0.0 0.0±0.0 
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Figure XIII. Absolute values in monthly average evapotranspiration for Uttarkashi 

 
Figure XIV. Absolute values in monthly average evapotranspiration for Patna 
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Table VII. Absolute monthly values and standard deviation in average evapotranspiration 

Average monthly 
evapotranspiration  
(mm)  

 Jan Feb March April May June July Aug Sep Oct Nov Dec 

Uttarkashi 
Reference period  0.9±0.2 1.7±0.2 2.9±0.2 4.1±0.3 4.0±0.5 4.5±0.5 5.3±0.4 5.6±0.3 5.4±0.3 4.0±0.3 2.3±0.2 1.3±0.2 
2011-2040 RCP 2.6 1.3±0.2 1.9±0.2 3.1±0.2 4.1±0.3 3.9±0.5 4.5±0.6 5.5±0.5 5.9±0.4 5.8±0.3 4.3±0.3 2.3±0.2 1.4±0.2 
 RCP 4.5 1.2±0.2 1.8±0.2 3.1±0.3 3.9±0.4 3.8±0.5 4.4±0.5 5.4±0.6 5.6±0.6 5.7±0.4 4.2±0.4 2.4±0.3 1.4±0.2 
 RCP 6.0 1.2±0.2 1.9±0.3 3.2±0.2 4.1±0.4 4.0±0.5 4.4±0.7 5.6±0.4 5.9±0.3 5.7±0.3 4.2±0.3 2.5±0.2 1.4±0.2 
 RCP 8.5 1.2±0.2 1.8±0.2 3.1±0.3 3.9±0.4 3.8±0.4 4.5±0.6 5.5±0.6 5.9±0.4 5.9±0.3 4.4±0.3 2.5±0.2 1.4±0.2 
2041-2070 RCP 2.6 1.2±0.2 1.9±0.3 3.1±0.3 4.1±0.4 4.2±0.5 4.5±0.6 5.5±0.5 6.0±0.4 5.9±0.4 4.4±0.3 2.4±0.3 1.4±0.2 
 RCP 4.5 1.3±0.2 2.0±0.3 3.1±0.2 4.1±0.5 3.9±0.6 4.5±0.7 5.6±0.5 6.1±0.4 6.1±0.3 4.7±0.4 2.6±0.3 1.5±0.2 
 RCP 6.0 1.4±0.2 2.0±0.2 3.2±0.3 4.0±0.6 3.8±0.6 4.6±0.7 5.7±0.6 6.0±0.5 5.9±0.4 4.5±0.3 2.5±0.3 1.5±0.2 
 RCP 8.5 1.5±0.3 2.1±0.3 3.2±0.4 3.9±0.5 3.7±0.5 4.4±0.6 6.1±0.4 6.4±0.4 6.4±0.3 4.8±0.4 2.6±0.4 1.6±0.2 
2071-2100 RCP 2.6 1.2±0.2 1.9±0.2 3.1±0.3 4.0±0.4 4.0±0.6 4.6±0.7 5.6±0.5 5.9±0.6 5.9±0.4 4.4±0.4 2.4±0.3 1.3±0.2 
 RCP 4.5 1.4±0.2 2.0±0.3 3.1±0.4 3.9±0.4 3.9±0.5 4.5±0.8 5.8±0.6 6.3±0.4 6.4±0.2 4.8±0.2 2.6±0.2 1.5±0.3 
 RCP 6.0 1.4±0.3 2.0±0.4 3.1±0.4 4.1±0.5 3.8±0.5 4.6±0.9 6.0±0.6 6.3±0.4 6.3±0.5 4.7±0.4 2.4±0.3 1.4±0.2 
 RCP 8.5 1.6±0.3 2.2±0.4 3.1±0.4 3.5±0.6 3.3±0.6 4.5±0.9 6.4±0.5 6.8±0.5 7.0±0.5 5.4±0.6 2.8±0.4 1.6±0.3 
Patna 
Reference period  1.9±0.1 2.4±0.1 3.0±0.1 2.5±0.2 1.3±0.2 2.2±0.5 6.1±0.7 8.4±0.7 7.9±0.7 4.8±0.6 2.7±0.3 1.9±0.1 
2011-2040 RCP 2.6 2.1±0.1 2.5±0.2 3.0±0.1 2.5±0.1 1.4±0.3 2.5±0.5 6.3±0.8 8.9±0.5 8.4±0.5 5.3±0.8 3.0±0.3 2.1±0.1 
 RCP 4.5 2.0±0.1 2.4±0.2 3.0±0.2 2.4±0.2 1.4±0.4 2.3±0.5 6.3±0.7 8.6±0.6 8.3±0.7 5.1±0.6 2.9±0.3 2.0±0.1 
 RCP 6.0 2.0±0.1 2.5±0.2 3.1±0.2 2.4±0.1 1.4±0.2 2.4±0.5 6.2±0.8 8.7±0.7 8.5±0.6 5.2±0.7 2.9±0.3 2.0±0.1 
 RCP 8.5 2.0±0.1 2.5±0.2 3.1±0.1 2.4±0.1 1.3±0.3 2.5±0.5 6.3±0.7 8.6±0.7 8.2±0.7 5.1±0.7 3.0±0.2 2.1±0.1 
2041-2070 RCP 2.6 2.1±0.1 2.5±0.1 3.0±0.1 2.5±0.1 1.3±0.2 2.4±0.6 6.2±0.7 8.7±0.5 8.5±0.6 5.1±0.7 3.0±0.3 2.1±0.1 
 RCP 4.5 2.2±0.1 2.6±0.2 3.2±0.2 2.5±0.1 1.4±0.3 2.7±0.7 6.6±0.7 9.0±0.5 8.8±0.6 5.7±0.7 3.1±0.3 2.1±0.1 
 RCP 6.0 2.2±0.2 2.6±0.2 3.1±0.1 2.5±0.1 1.4±0.2 2.3±0.6 6.5±0.7 9.0±0.6 8.8±0.6 5.4±0.8 3.1±0.4 2.2±0.1 
 RCP 8.5 2.2±0.1 2.7±0.1 3.3±0.1 2.5±0.1 1.3±0.2 2.7±0.5 6.5±0.8 9.0±0.5 8.8±0.7 5.6±0.8 3.2±0.4 2.2±0.1 
2071-2100 RCP 2.6 2.1±0.1 2.6±0.2 3.1±0.1 2.5±0.1 1.4±0.3 2.6±0.6 6.4±0.7 8.9±0.6 8.8±0.5 5.5±0.5 3.0±0.3 2.1±0.1 
 RCP 4.5 2.2±0.1 2.8±0.2 3.3±0.2 2.5±0.1 1.4±0.2 3.0±0.6 7.0±0.9 9.3±0.6 9.0±0.5 5.8±0.7 3.2±0.3 2.2±0.1 
 RCP 6.0 2.3±0.1 2.6±0.1 3.2±0.1 2.6±0.1 1.4±0.3 2.6±0.5 6.7±0.9 9.2±0.6 9.1±0.5 6.1±0.8 3.3±0.5 2.3±0.2 
 RCP 8.5 2.5±0.1 2.9±0.2 3.5±0.2 2.6±0.1 1.4±0.3 3.0±0.7 7.4±0.8 9.9±0.6 9.6±0.7 6.3±0.9 3.5±0.4 2.5±0.1 
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Appendix 2 
 

 
International Workshop on Changes in Water Resources and Adaptation 

Options in the Ganges Region 
National Institute of Hydrology, Roorkee, March 9-10, 2017 

 
 
Dear participant of the “International Workshop on Changes in Water Resources and 
Adaptation Options in the Ganges Region”, in preparation for the workshop to be held at 
NIH in Roorkee, we kindly ask you to fill in this questionnaire and please return to XXXX 
prior to the workshop, either electronically prior to the workshop or as a hard copy upon your 
arrive. All information asked for in this questionnaire will be treated confidentially and will 
only be used for research purposes. If you have any concern about the information you 
provide, please let us know.  
 
Many thanks in advance 
 

Questionnaire 
1. What is your expertise and interest in the services the Ganges and its tributaries 

provide (e.g. fresh water supply; water supply for agriculture, electricity generation 
or industry; nutrient and water cycling; space for recreation; rituals etc.)? Which 
region of the Ganges interests you the most? 
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2. Which sector and/or type of organisation do you represent (multiple choices 

possible)? 
 
� Energy provision (hydro-power) 
� Farming 
� Fresh water supply 
� Government organisation  
� Industry 
� NGO 
� Private sector 
� Research and academia (please specify scientific field:  
� UN agency 
� Other (please specify: 

________________________________________________________) 
 
 

3. What are your greatest concerns with respect to water resources in the Ganges basin 
(multiple choices are possible)?  
 
� Natural disasters (floods, cloud bursts, landslides etc.)  
� River flow (extremes, averages)  
� Snow availability  
� Soil water content  
� Dry spells 
� Droughts  
� Rainfall frequency 
� Rainfall intensity  
� Evapotranspiration 
� Salinity 
� River transportation material (minerals, silt, pebbles, boulders )  
� Water quality 
� Other (please specify: 

________________________________________________________) 

Please indicate which of your ticked boxes the two most important ones are, and 
why:  
 _____________________________________________________________________ 
Please indicate the respective time horizon you are concerned about (e.g. 
short/mid/long term, next decade, 2017 to 2030, mid-century): 
________________________________________________________________________
______ 

 
4. Have you observed any impacts of climate change on water flows in the Ganges 

region? If so, please describe these impacts. 
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5. Where do you see the greatest current and future challenges in the services (listed 

under Q. 1) the Ganges provides?   

 
 
 
 
 
 
 
 
 
 
6. According to your perception, what is the knowledge across citizens about the 

importance of the services (listed under Q. 1) the Ganges provides?  
 
 
 
 
 
 
 
 
 
 

7. What could be done to raise awareness across the water-related sectors of the 
environmental changes that affect the Ganges water flows?  

 
 
 
 
 
 
8. Are you aware of (regional and/or national) water management plans that reflect the 

effect of environmental/climate change on Ganges water flows? Please provide some 
information about those. 

 
 
 
 
 
 
 
9. What is the role (if any) research should play in improving the understanding of the 

effects of environmental/climate change on Ganges water flows and related issues? 
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10. What suitable (equitable, affordable, efficient, timely…) options for the 

adaptation to climate change effects on the services the Ganges provides could you 
think of?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
11. Please add any further comments you would like to make: 
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Appendix 3 
 
Notes from the breakout sessions with the farmers. 
 
Minutes provided by 
FARMING GROUP 
Moderator:  
Rapporteur:   
Breakout session 1  dated: 09-03-2017 
In this session, the discussions were held with 3 farmers of Roorkee and these were based on 
their experiences and observations: 
Experience/observation 1 :  
Change in crop pattern: 
The crop pattern has been changed from Cereal-pulses – mainly grams to cereals like paddy 
wheat, mustard due to the wild life menace (Antelope). 
This has resulted in poor soil fertility. 
Experience/observation 2:  
Change in crop calendar: 
Sowing time of Rabi (winter) crop has been shifted from October 15 to November 15 or later 
Experience/observation 3 :  
Length of winter season has decreased (Good winters less diseases) 
No Hot winds: No hot winds are blowing during summer as these are helpful in 
checking/minimizing the pests growth 
Experience/observation 4 :  
Development in mechanization: the agricultural practices became easier. Even the poor 
farmer can have these facilities on subsidized rates 
Suggestions by farmers 

x Some measures may be taken to control wild animals 
x Appropriate prices may be provided for the yields 
x In some rainfed areas (about 10% of total) more borewells should be dug 
x Loan should be provided at 0% interest 
x Payments should be provided at the spot 
x A specific crop policy should be formulated 
x Water quality issues are growing due to increase in industries- some measures may be 

taken to check these. 
 

Breakout session 2 dated: 10-03-2017 
The discussions were held with 8 farmers, 3 from Roorkee and 5 from Vikas nagar, Dehradun 
In Vikasnagar, Dehradun - Largest land holding is 0.25 ha and smallest is 0.05 ha; Terrace 
farming is practiced 
Rabi crops (winter): Wheat, Mustard. Kharif crops (Summer): Rice, maize, millets, ginger 
Horticulture: Mango 
Mode of irrigation- streams, springs. There is shortage of water 
Since last 10 years there is shift towards the organic farming with some benefits as: safety 
from chemicals, soil fertility is maintained, higher returns. 
The farmers have similar observations as were found in the case of Roorkee farmers as: 
Experience/observation 1:  
Change in crop calendar: 



 XX 

Sowing time of Rabi (winter) crop has been shifted from October 15 to November 15 or later 
Sowing time of Kharif (summer) crop has been shifted from June 15 to June 30 
 Experience/observation 2:  
No winter rainfall 
Experience/observation 3:  
Frost in 2011 – even trees were dried.  
Experience/observation 4:  
In floods the land gets eroded and sometimes there is cutting also. 
Experience/observation 5:  
Pests and diseases in mango prevent flowering 
Experience/observation 6:  
Seasonal rivers span is increasing due to bank erosion and some land mining problem is also 
found 
Experience/observation 7:  
No insurance is provided for losses 
Experience/observation 8:  
Fertile soil from hill slope is eroded and gets deposited in plains 
Experience/observation 9:  
Major Incidences 
In Roorkee: Sugarcane sweetness was lost in 2013 
In Dehradun: all rice crop was lost due to flood 
Heavy hail storms in 1971, 2014-15. 
Experience/observation 10:  
In Dehradun, wild boar (night time) and monkeys (day time) damage the crops. Government 
should notice this and should provide some help 
Suggestions: 

x Underground piping should be done for distribution of water for irrigation 
x Check dams should be constructed 
x Indian Institute of Soil and Water conservation should take some initiative in all areas 

as they are doing work on pilot basis 
x Some steps should be taken to check the disease in ginger crop which is unpreventable 

presently 
x Some measures should be taken to check water logging as this is also damaging the 

ginger crop 
x Initiatives should be taken to check the  pests/diseases in mustard crop and other oil 

crop locally known as toria 
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Minutes as provided by  
Breakout group day 1: Farming community 

- The farmers had the perception that the rainfall had decrease, from 120 centimetre to 
80-90 centimetre  

- They thought that wild animals were a huge problem as they eat up the pulses, which 
lead to that the farmers converted to cereals. The increase in wild animals (some sort 
of antelope) is due to habitat loss as anthropogenic activity lead to degradation of for 
example forests. The habitat loss could indirectly be linked to climate change as well. 

- The period for wheat has changed, before it started in around 15th of October (or 
November?) and now the season is between the 15th of December until March. Winter 
wheat seemed to be difficult to grow 

- Losses of harvest was often caused by frost or hailstorms, however hailstorms are not 
a new problem and the frequency of the problem has reduced during later years 

- The farmers believed that the intensity and severity of rainfalls is worse, whilst the 
opposite applies for the hailstorms 

- Irrigation increase, summer is cooler due to increase in vegetation ??? Didn’t follow 
here so I don’t remember the context. Think I mixed it up a bit 

- The farmers believed that there were less problems with there farming nowadays 
thanks to improved technology 

- The profit has reduced over the years as the farmers need to invest more in 
technologies etcetera 

- There are thereby market issues, they market price was not correspondent to the 
farming investments 

- Poor farmers are hit harder when the market price is wrong as they don’t have a buffer 
- The farmers did have insurance, but that was for their animals and not for the crops 
- They are more dependent on chemical fertilizers due to decreasing animal holding (?) 
- The most important measures the farmers believed the government could implement 

were: 
o Control of wild animals 
o Right market price, price stability 
o Bore wells 

- Another concern they had was that payments are not provided directly, meaning that 
there is a delay in the farmers’ profit, which can cause problems for them. 
Furthermore, sometimes the government require farming of specific crops that doesn’t 
have a market, meaning that it doesn’t make sense for the farmers to cultivate those 
crops. 

- When the rainfall pattern changes the farmers changes the cultivars 
- They believed that water availability is not a problem 
- There is a problem with groundwater that has been heavily depleted. It used to be 

good before but the groundwater level has decreased 
- 2000mm rainfall is required for growing sugarcane 
- They have a slight problem with salination 
- The return is much higher now when they have implemented an irrigation system 
- They had farms that had a size about 2 ha 
 
The farmers we talked to today have quite good conditions and are able to adapt to 
changing conditions. Farmers that live in hilly areas often have harder conditions, they are 
both poorer and have smaller farms about 1/10 of the size. Market price issues and that 
farmers’ profit is decreasing is a general problem in the agricultural sector. It is hard to 
motivate new generations to continue with farming as there are better conditions 
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elsewhere where they can have a good salary and a good life (meaning getting another job 
than farming). The big concern is therefore the input vs. the output in monetary terms. I 
asked the XXX about giving up farming as an adaptation option, and they were of the 
opinion that it would not be good at all and wouldn’t consider it as a solution.  

 
Breakout group day 2: Farmers 
There were three farmers from Roorkee, those farmers were also participating during the first 
day. 5 new farmers participated; all of them came from Dehradun.  

- They farmers from Dehradun are performing terrace farming. The maximum size of 
those farms is 0.25 ha and the minimum size is 0.05 ha. 

- The distance between Dehradun and Roorkee is 18 km, there is a difference in 
cropping season but not in the crop cultivated 

- The main crops for the Dehradun farmers 
o Kharif: Rice, maize, millet, manoola (?). The area under millet is decreasing 

due to wild animals 
o Rabi: Wheat, mustard 

- Maize and ginger are the main cash crops 
- Earlier they used to cultivate a local Dehradun basmati rice sort but during the last 10 

years they have switched to Tarawachi (? Don’t remember the name). The yield is not 
as high as for the basmati rice, but the market is better 

- There is often a middle-hand between the farmers and the market and the farmers are 
therefore not getting the right price. This was applied specifically for basmati rice (?) 

- When cultivating basmati rice it is not possible to use fertilizers 
- The main reason for growing basmati rice is that the market is better even though it is 

more labour intensive. The market return is better 
- Cereals and other similar crops have been kept for household consumption 
- The main source of irrigation for the Dehradun farmers is spring water 
- Basmati rice is rainfed 
- Kind of irrigation 

o Roorkee: Tube wells, electricity, and pumps, diversion channels 
o Dehradun: Diversion channels, natural spring water, continuously flowing 

source, circulated throughout the field 
- Changes in growing season for Dehradun: 

o Kharif depends on rainfall, the farmers have observed a shift in the season of 
one to two weeks. The season used to start in the first week of June, lately it 
has started in the last week of June.  

o The sowing of wheat has shifted from October to November, due to changes in 
temperature. However, the wheat is still harvested at the same time as earlier. 
They use a local variety of wheat 

o They also tried a variety of Maize. The local variety of maize can handle 
observed changes 

- Kharif rice criteria for sowing: 
o There exist a short and a long duration variety of rice. The sowing is either 

direct or transplanted. The rice cannot be sown until there has been a proper 
rainfall, which indicate the monsoon period. If the proper rainfall occurs in 
early June the farmers can grow long duration rice. If the rainfall occurs in late 
June the farmers grow short duration rice.  

o The farmers have rice nurseries, the moisture in the nurseries most be retained. 
The rice is densely sowed in the nurseries and are then moved to other fields 
(?) 
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- Disasters: Small water flows creates a river that the farmers are dependent upon. All 
these springs are often flooded. 

o 2013 was a disaster year, the farmlands were flushed away 
o Every other year their farmlands are flushed away, not as disastrous as in 2013, 

but as mentioned above the springs and rivers are flooded 
o They have no insurance for lost land and harvest 
o There is an insurance scheme but the farmers in Dehradun can’t access it, most 

of the banks won’t give the farmers a loan 
o The schemes are for droughts and floods 
o The whole district of Dehradun is considered as disaster prone (?) 

 
- Dehradun: Extreme rainfall events, not all regions in Uttarakhand are prone to 

landslides. The farmers can handle the shock of rainfalls, one reason is that the terrace 
farming protects them from landslides. 

- Roorkee: The farming is on flat land, their fields will be filled with water during heavy 
rainfalls but will sooner or later disappear. Storms and frost causes problems for 
sugarcane and rice 

- Sugarcane is not grown in the mountain regions 
- The Dehradun farmers and the Roorkee farmers are differently affected 
- The disaster in 2013 lead to that the farmers lost their whole harvests, both in Roorkee 

and in Dehradun. 
- Before 2013 there was a disastrous hailstorm in 1971 
- There were hailstorms in 2014 and 2015 
- The general perception seems to be that hailstorms are less frequent. They also 

mentioned that there is less rainfall (?) 
- Knowledge dissemination programs are available for the Roorkee farmers. The 

Roorkee farmers are well connected with the government. 
- The Dehradun farmers do not have access to the knowledge dissemination programs, 

it does not reach out to the farmers there 
- Dehradun has seen a change in cropping patterns, one wish they had was that the 

government would supply them with irrigation so that they could irrigate all of their 
fields 

- Another requirement/adaptation option they had that the government could supply 
them with was small check dams on the small water springs 

- Wild animals are a big concern for the farmers 
- There exist a scheme implemented for springs. There are policies already in use 
- Recently ginger has rotten, it seems to be a water lodging problem 
- There have been insect attacks on mustard, which also has started to happen to the 

local variety mustard, which was not the case before. The insect’s attack happens 
when it is cloudy and humid.  
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