Adaptation at Scale in Semi-Arid Regions
• As we understand more about the global impacts of
climate change, so we need to know how people can
effectively respond and adapt to these changes.

Adaptation at Scale in Semi-Arid Regions
• Home to hundreds of millions of people, the semi-arid
regions of Africa and Asia are particularly vulnerable to
climate-related impacts and risks.
• These regions already experience harsh climates, adverse
environmental change, and a relative paucity of natural resources.
• People here may be further marginalised by socio-economic
challenges, including high levels of poverty and low levels of
development.

Adaptation at Scale in Semi-Arid Regions
• Although many people in these regions already display
remarkable resilience, these existing pressures are
expected to amplify in the coming decades.
• Therefore, it is essential to understand how to empower
people, local organisations and government to adapt to
climate change in a way that minimises their vulnerability
and promotes their long-term resilience.

Adaptation at Scale in Semi-Arid Regions
• ASSAR aims to transform climate adaptation policy and
practice in ways that promote the long-term well-being of
the most vulnerable and those with the least agency.

Adaptation at Scale in Semi-Arid Regions
• To achieve this ASSAR is:
• Working with diverse stakeholders in a coordinated manner across
11 countries in southern Africa, eastern Africa, western Africa, and
south Asia, to investigate the root causes of vulnerability.
• Examining vulnerability through an interdisciplinary and gendersensitive lens, focusing on both climate and non-climatic
stressors.
• Engaging with multiple levels of governance – from local
communities to national and regional institutions – to understand
what is needed to proactively spur widespread, effective and
sustained adaptation that has positive and lasting effects on
socio-economic development.

Adaptation at Scale in Semi-Arid Regions
• Over its 5-year lifespan, the cross-regional and
cross-disciplinary comparison of research findings will
enable ASSAR to develop a unique and systemic
understanding of the processes and factors that impede
adaptation and cause vulnerability to persist.

Project Phases
Phase 1

Phase 2

Phase 3

REGIONAL DIAGNOSTICS

REGIONAL RESEARCH

RESEARCH UPTAKE

Investigate what people in
semi-arid regions currently
know about climate
change, and what they’re
doing to adapt to these
changes.

Use the information
gathered from the first
phase, and add to it
through novel case study
research, to explore
strategies for developing
adaptive capacity at
multiple scales - from
individuals to business and
governments - within each
region.

Promote research into use
across all regions, by
informing adaptation
practices at multiple
scales, and in different
contexts, and enabling
take-up of research
insights in policy and
practice interventions.

At the same time, compile
detailed climate
projections to highlight
region-specific
vulnerabilities and
challenges.

SOUTH ASIA
Regional Diagnostic Study

Introduction – context & challenges
• A diverse set of ecosystems, a range of risks, climatic and
non-climatic exposures, differential vulnerability profiles and
various institutional regimes. The country is complex, with
multi-hazard environments and climate change hotspots
• Current negative impacts on key rural production systems –
like agriculture, forestry; with a range of projected future
losses & impacts across agricultural, water and forest-based
systems

• Major livelihood transitions are expected to take place around
the rural-urban continuum, coupled with future incremental
urbanization

Introduction – context & challenges
• Emerging dynamics will create pockets, representative of a
massive concentration of historical and emergent risks,
compounded with climatic variability
• Additionally, significant population lives in extreme poverty
and are highly vulnerable to both everyday risk, risks from
extreme events and risks from environmental and health risks.
• Simultaneously, all regions face serious institutional and
governance challenges, compounded by contested growth
dynamics, rural-urban migration and contested fluxes on the
historical binaries of informality and formality)

Introduction – approach in RDS phase
• Outlining a biophysical framework that could be implemented
across urban and rural SARs in India
• Expanding the definition of semi-arid areas from one derived
primarily from the meteorological criterion, to one that
incorporates information from local land-use and hydrology,
and actual water scarcity stress on communities.
• An intense literature review process on climate change
research for semi-arid regions (SARs) in India
• IPCC AR5 and local literature (peer reviewed literature such as
journal articles and book chapters; grey literature such as
project reports; policy documents such as government plans)
were reviewed

Introduction – approach in RDS phase
• Informed by national and regional missions/programmes and
assessments conducted by the Government of India as part of
India’s national communication to UNFCCC.
• Specific search engines such as Google Scholar, JSTOR, and Web of
Science were exhaustively used
• The literature reviewed comprised diverse topics such as climate
science, climate change impacts, vulnerabilities in agriculture,
water, health, ecological systems
• Adaptation and development projects were reviewed and themes
of agriculture, infrastructure, biodiversity, water and land
management, and livelihood strategies were covered.
• Extensive information was derived from the development practice
domain through local NGOs working in the sub-regions (e.g. ATREE’s
connections with local NGOs; WOTR’s 30-year engagement in the
region).

Introducing the Sub-regions

Bangalore sub-region

Sangamner sub-region

Moyar-Bhavani sub-region

The regional to sub-national context
•
•
•
•

High economic growth in the last two decades
Service sector driving growth
Reduction in poverty levels
Inequality on the rise (Motiram and
Naraparaju, 2014; Jayaraj and
Subramanian, 2014)
• Increase in non-farm employment (Lanjouw
and Murgai, 2010, Himanshu et al, 2013)

Bangalore sub-region
•Services and manufacturing sector driving growth (Sudhira, et
al, 2007)
•Resource concerns
o Groundwater replenishment (Sundaresan, 2011)
o Ecological commons have been affected (Nagendra, et al.,
2014; Sudhira et al., 2007)
•Fragile quality of life
o Economy centred around an urban real estate market
(Goldman, 2011)
o Location of many informal settlements and environmental
and climatic hazards (Krishna, et al., 2014)
o Peri-urban areas with expansion of urban boundaries
(D’Souza et al, 2013)

Sangamner sub-region
• Agrarian economy (Shivaji and Vaidya, 2012)
• Hot semi-arid agro-ecological subzone of the Deccan Plateau,
with black soil (Gajabeye, 2008)
• Drought-prone and is located in a rain shadow area (Korade, 2012)
• Transformations taking place
• Out-Migration
• Greater non-farm employment
• Cropping patterns moving towards commercial groups (Pandit
and Aher, 2013)
• Low crop productivity and problems with soil fertility
• Water use and watershed developments
• Greater access to wells and canals (Rede et al. 2013; Varat,
2013)
• Watershed programs have been beneficial (Tilekar et al., 2009)

Bhavani Moyar sub-region
• At the confluence of the Eastern and Western Ghats, bounded to the
north by the state of Karnataka, Kerala and Tamil Nadu
• Agro-forestry is the dominant source of livelihood
• Reduction in crop area, yield, and agricultural income in the Bhavani
basin due to water scarcity (Malaisamy, 2001)
• Existing stressors in agriculture (SAPCC-TN, 2013) –
o Ground water dependency
o Decline in labour availability
o Low productivity
o Lower mechanization
• Forest-Dependent Socio-ecological System (SES)
o 70 % of the communities dependent on NTFP’s (SAPCC-TN, 2013)
o Tropical forests suffer from rapid land use changes (Achard et al.,
2002)

Bangalore sub-region - 1999

Bangalore sub-region - 2011

Moyar-Bhavani sub-region - 1999

Moyar-Bhavani sub-region - 2011

Sangamner sub-region - 1999

Sangamner sub-region - 2011

Biophysical changes in the three sub-regions from 1999 to 2011
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Biophysical changes in the sub-region: key conclusions

•Forest cover is declining, especially in the Bangalore
sub-region
•Area under agriculture does not see a significant
change
•However, since population is increasing, resource
dependency (on existing food producing systems)
is intensifying
•Sources of water, such as lakes and other water
bodies, are declining; which is symptomatic of
increasing water-related stress
•Coupled with rainfall variability, these changes in the
sub-regions denote a significant risk

Climate change: trends and projections
National temperature trends
• Mean, maximum and minimum
temperatures have increased by about
0.2°C per decade for 1971–2007
(Kothwale et al. 2010).
• Minimum temperatures have increased
faster than maximum temperatures
(Kothwale et al. 2010).
• An increase in heat waves (Pai et al.
2013, Mishra et al. 2015) and severe
heat wave days (Pai et al. 2013) has
been observed.
Source: Kotwale et al. 2010,
http://dx.doi.org/10.3354/cr00857

Climate change, trends and projections
Sub-region temperature trends
• Temperature trends were assessed in
ASSAR South Asia sub-region envelopes
(SRE) between 1901-2009 using CRU
data.
• Temperatures in the Moyar-Bhavani
SRE have increased over a 50-year
period.
• Temperatures in the Bangalore SRE
have increased over a shorter 30-year
period.
• No significant increase observed in the
Sangamner SRE.
Source: Climatic Research Unit, University of East Anglia

Climate change, trends and projections
National precipitation trends
• Indian Summer Monsoonal Rainfall
has decreased between 1970–2000
(Kulkarni et al. 2012).
• There is an increase in the frequency
of extreme rain events (EREs) are
increasing in frequency (Goswami et
al. 2006, Dash et al. 2009).
• The influence of the Indian Ocean
Dipole (IOD) on EREs has been
strengthening recently as compared
to the ENSO (Krishnaswamy et al.
2014).

Temporal variation (1951-2000) in the number (N) of (A)
heavy (R ≥ 100 mm/day, bold line) and moderate (5 ≤ R ≤
100 mm/day, thin line) daily rain events and (B) very
heavy events (R ≥ 150 mm/day) during the summer
monsoon season over CI. The dashed lines indicate the
statistical significance of the trends
Source: Goswami et al. 2006; DOI:
10.1126/science.1132027

Climate change, trends and projections
Sub-region precipitation trends
• Precipitation trends were assessed in
ASSAR-South Asia SRE(s) between
1951-2007 using APHRODITE gridded
data.
• Significant decrease in annual

average rainfall observed in the
Bangalore SRE and Moyar-Bhavani
since the 1950s .
• In the Sangamner SRE, a modest
increase in annual average rainfall
noted since the early 90s.
Source: Yatagai et al. 2012

Climate change, trends and projections
Sub-region changes in precipitation regimes
• Sparse rain and moderate
rain events decreased in
the Moyar-Bhavani SRE
and Bangalore SRE.
• Increase in total rain
events suggests increase
in extreme events.
• High variability has been
observed in these rain
events in Sangamner SRE.
Source: Yatagai et al. 2012

Climate change, trends and projections
Sub-region changes in larger climate drivers
• The La Niña phase of ENSO impacted
rainfall in the Moyar-Bhavani SRE
and Bangalore SRE.
• The IOD had no significant influence
across all Moyar-Bhavani, Bangalore
and Sangamner SRE(s).

Source: Yatagai et al. 2012

Climate change, trends and projections
Future climate
• CMIP5 models project an
increase in temperature
of 1.7-2°C by 2030s and
3.3-4.8°C by 2080s
relative to preindustrial
times under RCP6.0 and
RCP8.5 (Chaturvedi et al.
2012).
• Annual precipitation is
projected to increase
from 4-5% by 2030s and
6-14% by 2080s under
RCP6.0 and RCP8.5.

CMIP5 model based temperature and precipitation anomalies for India (1861-2099) relative
to 1961-1990 baseline for four Representative Concentration Pathways (RCPs). The
shaded area represents the range of changes projected by the 18 models and model
ensemble averages are represented as solid lines. The observed temperature and
precipitation trends from CRU are shown by the green line and the solid black line refers to
model ensemble values for historical simulations
Source: Chaturvedi et al. 2012; http://eprints.iisc.ernet.in/id/eprint/45488et al. 2012

Climate change, trends and projections
Assessments of climate models
• Seasonal mean air
temperature and precipitation
recently analysed in an
ensemble of 2 RCMs
[CCLM(MPI), SRCA(ECEH)] and
1 variable grid atmosphere
global climate model
[LMDZ(IPSL)] for 1976–2100.
• Historical record for
simulations compared against
CRU observations for summer
monsoon (June-Sep; JJAS) and
winter months (Dec-Feb; DJF).

Experiment
Name

RCM Description

Driving GCM

CCLM(MPI)

COnsortium for Smallscale MOdelling
(COSMO) model in
CLimate Mode version
4.8 (CCLM; Dobler and
Ahrens, 2008)

Max Planck Institute
for Meteorology,
Germany, Earth System
Model (MPI-ESM-LR;
Giorgetta et al 2013)

SRCA(ECEH)

Rossby Centre regional
atmospheric model
version 4 (RCA4;
Samuelsson et al., 2011)

Irish Centre for HighEnd Computing
(ICHEC), European
Consortium ESM (ECEARTH; Hazeleger et al.
2012)

LMDZ(IPSL)

Institut
Pierre-Simon
Laplace
(IPSL)
Laboratoire
de
Me´te´orologie
Dynamique
Zoomed
version
4
(LMDZ4)
atmospheric
general
circulation model ( Sabin
et al., 2013)

IPSL Coupled Model
version 5 (IPSL-CM5LR; Dufresne et al.
2013)

Climate change, trends and projections
Assessments of climate models:
Validation
• Simulated air temperatures agreed

relatively well with the observed
climate (i.e. CRU data). Systematic
biases were however, common during
winter months (DJF).
• Ensemble mean (Fig. 1b) had higher
correspondence to observed temp.
summer monsoon (JJAS) over central

India than individual simulations (not
presented).

Winter (DJF) season mean
2-m air temperature (°C;
CRU) for 1976-2005 and
biases of 2-m air
temperature in (b) multimodel ensemble mean and
(c-e) three different RCMs
described on the right.
Temperature differences at
the 5% significance level
are shown

Climate change, trends and projections
Assessments of climate models:
Validation
• Summer precipitation (JJAS) was

underestimated by the 3-member
ensemble over a large fraction of the
Indian subcontinent
• Ensemble mean had higher
correspondence with observed
precipitation than most individual
simulations.

Summer monsoon (JJAS)
season mean precipitation
(mm day-1; CRU) for 19762005 and biases of
precipitation (%) in the (b)
multi-model ensemble
mean and (c-e) three
different RCMs.
Precipitation differences at
the 5% significance level
are shown

Climate change, trends and projections
Assessments of climate models:
Validation
• Statistically significant overestimation is

found over the south peninsula during
winter months (DJF)
• SRCA(ECEH) and LMDZ(IPSL) have large
we biases over south India.

Winter monsoon (DJF)
season mean precipitation
(mm day-1; CRU) for 19762005 and biases of
precipitation (%) in the (b)
multi-model ensemble
mean and (c-e) three
different RCMs.
Precipitation differences at
the 5% significance level
are shown

Climate change, trends and projections
Assessments of climate models:
Future climate (2066-2095)
• An increase of ≥ 2˚C over central and

northern parts of India is projected
(2066-2095) using the 3-member
ensemble for winter (DJF)
• High forcing scenario run
SCRA(ECEH:RCP85) shows warming
comparable to the medium forcing run
with the other two models.
Multi-model ensemble mean of summer monsoon (JJAS) mean air
temperature (°C) for 1976-2005 and the changes (%) in 2066-2095
relative to 1976-2005 for (b) multi-model ensemble mean and (c-e) three
different RCMs and (f) RCP8.5 scenario experiment with SRCA RCM.
Temperature differences at the 5% significance level are shown

Climate change, trends and projections
Assessments of climate models:
Future climate (2066-2095)
• The ensemble mean precipitation

changes between 2066–2095 not for
both summer monsoon (JJAS) and
winter (DJF, not presented).
• Precipitation changes are observed to
be uncertain in magnitude and in
direction for most of the year.

Multi-model ensemble mean of summer monsoon (JJAS) mean
precipitation (mm day-1) for 1976-2005 and the changes (%) in 20662095 relative to 1976-2005 for (b) multi-model ensemble mean and (c-e)
three different RCMs and (f) RCP8.5 scenario experiment with SRCA.
Precipitation differences at the 5% significance level are shown.

Framing risk
• Risks can be
o intensive (large concentrations of people and economic activities
exposed to intense hazard events involving high mortality and asset
loss) or
o extensive (dispersed populations exposed to repeated or persistent
hazard conditions of low/moderate intensity, often highly localized,
leading to debilitating cumulative impacts)
• Risks and vulnerabilities have a biophysical component (directly
impacted by climate change) and social dimension that renders some
people less able to cope with impacts.
• Risk is a function of
o intrinsic factors (exposure to hazard, state of infrastructure or
unstable political environment) and
o extrinsic factors (structural vulnerabilities arising from socioeconomic processes, historical marginalisation)

What is at risk?
• Rural socio-ecological systems
o Operate in a highly dynamic and uncertain context.
o Face climatic risks (e.g. drought, extreme temperatures, erratic
rainfall, high wind speed) (MoEF, 2008)
o Non-climatic risks (market fluctuations, irregular employment
availability, poor infrastructure, inadequate credit facilities and
erosion of traditional social safety nets (Murali and Afifi, 2014;
Berrang-Ford et al., 2011, Deshingkar, 2003; Agrawal, 2010)
o Compounded by eroding natural resources, changing land use,
poor development profiles, and international trade and policy
dynamics.
o Indian agriculture is ‘doubly’ exposed (O’Brien et al., 2004) and
sensitivity of the agricultural system to climatic and non-climatic
risks is increasing (Singh, 2014; Taylor, 2013).

What is at risk?
• Urban areas
o Climate change is likely to exacerbate existing risks, further eroding the
resilience of poor and vulnerable communities (Revi, 2008; Mukhopadhyay
and Revi, 2009)
o Potential negative effects on human health (Kovats and Akhtar, 2008).
o Persistence of substantial development deficit and widespread poverty,
adaptive capacity is limited (Dubash, 2012)
o Urban centres are faced with the dual challenge of maintaining economic
growth while dealing with climatic risks (MoEF, 2008).
o Looking at hazard exposure alone, most vulnerable urban areas fall in the
coastal regions or the Indo-Gangetic plains. However, once vulnerabilities
and capacities are integrated into the analysis, cities in semi-arid regions and
poorer states of Bihar, MP, UP, Orissa and Maharashtra are most risk-prone.
Cities such as Delhi, Bangalore, Guwahati, Chennai, Bhubaneshwar, Kolkata,
Surat, and Hyderabad are at high-risk because of their exposure to major
hazards coupled with high concentrations of people and assets.

Vulnerabilities of biophysical systems & impacts
SL. NO SECTOR
1
Water

MAJOR IMPACTS & DIMENSIONS
Water stress and water
Increased water scarcity in the semi-arid basins. Drought
related extremes
weeks during monsoon are projected to increase.

2

Wheat

Wheat yields in India declined by >5 per cent over the last
three decades, relative to a counterfactual without climate
trends and projection of higher decline.

Rice

Rice yields in India declined by about 2 per cent over the last
three decades, relative to a counterfactual without climate
trends, impact projection suggest a decline of 2.5 to 10 per
cent by 2080s (in Cauvery delta rice yield is projected to
range from a modest increase of 24 kg/ha/decade to a
severe decline of 356 kg/ha/decade)

Sorghum

Projected to decline from 14 per cent to 32 per cent by
2080s
87 per cent of the 124 endemic species showed
geographical range shifts in response to observed warming
Increasing NPP trend of 3.9 per cent per decade. Projections
suggest large scale shift in vegetation distribution and
increase in NPP

3

Agriculture

Forests

Vegetation distribution
Net Primary Productivity
(NPP)

Climate Change Impact on Livestock
• Studies (Upadhaya et al., 2008; Sirohi and Michaelowa, 2007) have
attempted to quantify range and stress levels attributed to the rise in
temperature, using Temperature Humidity Index (THI) and its
influence on livestock production
• The current estimation projects more distressful days and is
expected to have dire effects on livestock production, both direct
and indirect—including declining milk production due to changes in
the behavioural and metabolic patterns of the livestock
• A nationwide study conducted by Chauhan and Ghosh (2014),
estimated an annual loss of about 1.8 million tonnes of milk
(equivalent of 2661.62 crores INR) accounting for a 2 per cent
decline in national milk production
• The country’s huge livestock population is entirely contingent on
agricultural by-products and grass and weeds obtained from pasture
lands under both permanent and temporary cover (Chauhan and
Ghosh, 2014, Sirohi and Michaelowa, 2007)

Climate Change Impact on Livestock
• Recent projections show a negative impact on grassland
ecosystems and are also expected to affect animal fodder (together
with effects on ruminant digestibility and nutritional quality of forage
(Thornton et al., 2009)), thereby adversely influencing the livestock
population, adding to the economic constraints of rearing cattle
(Sirohi and Michaelowa, 2007)
• Research studies cited by Sirohi and Michaelowa (2007) found that
seasonality of diseases such as Foot and Mouth disease (FMD) in
hot and dry weather and clinical mastitis in hot and humid weather
showed significant variations (52 and 84 per cent respectively),
directly attributable to changes in meteorological parameters
(temperature, humidity and rainfall)
• Studies have also correlated the incidence of disease outbreak and
mass movement in animals, also an impact of changing climate
(Sirohi and Michaelowa, 2007)

Climate Change Impact on Fisheries
• Fisheries comprise a significant proportion of exports, and the
dietary charts of a major section of India’s population are
dependent on this sector (Sannadurgappa, 2011). Freshwater
fisheries thrive on large river systems and thus face the risk of
reduced flows as a result of direct impacts of climate change on
the changing precipitation patterns (ibid).
• The fisheries sector is an important source of rural income
diversification. However, this sector is highly vulnerable to
changing patterns of precipiation and terrestrial climate,
especially in states such Karnataka, Tamil Nadu and
Maharashtra due to poor adaptive capacities (Sannadurgappa,
2011).
• Regional assessments concerning these regions, reveal marked
shifts in fishery production in all kinds of aquatic systems due to
climatic variation (Dulvy et al., 2009; Sannadurgappa, 2011).

Climate Change Impact on Human Health
• Health is impacted by excessive heat and floods, and through various waterborne and vector-borne systems (Majra and Gur, 2009). For e.g., epidemics
have been reported after floods and storms (Bagchi, 2007) as drinking water
quality gets compromised and due to excessive mosquito proliferation (Pawar
et al., 2008)
• Sohan et al., (2008) have documented how contaminated urban flood waters
have caused exposure to pathogens and toxic compounds in India. A
relationship between high temperatures and mortality has been shown for
populations in India (McMichael et al 2008)
• Intense heat waves have been shown to affect outdoor workers in South Asia
(Nag et al 2007; Hyatt et al 2010). Heat stress and its various health
implications are especially relevant to the SARs. Studies from India have found
correlations between malaria prevalence and rainfall variability, though malaria
is often influenced by non-climate variability factors as well (e.g. Dev and Dash,
2007)
• Using a simple transmission window approach, Bhattacharya et al., (2006)
projected malaria transmission suitability for different parts of India using
climate change projections from HadRM2 model till 2050. The study finds the
central and eastern Indian regions (including areas around the sub-regions) to
be the most malaria endemic areas under current climate.

Climate Change Impact on Human Health
• There is some evidence that captures the impact of heat exposure on occupational health,
and according to one of the exposure indices, namely the Wet Bulb Globe Temperature
(WBGT), work capacity rapidly reduces as the WBGT exceeds 26–30°C.
•Thus, climate change could seriously affect occupational health especially in the
tropical countries like India (Kjellstrom et al., 2009)
• While malaria prevalence is often influenced by non-climate variability factors, studies
from India have found correlations with rainfall (Devi and Juahar, 2006; Dev and Dash,
2007; Laneri et al, 2010)
• Due to the density within cities and city regions, they are able to influence the local microclimate (Revi et al., 2014). A case in point is the urban heat island (UHI) effect. For cities
in India, the implications of future climate for connections between urbanisation and the
development of UHI have been established
• Increased warming and physiological stress on human comfort level, and therefore
productivity, is predicted in many cities (Thorsson et al., 2011). Hot days are known to
have significant health impacts, which can be worsened by both drought conditions and
high humidity. Effects of high temperatures on morbidity and mortality have been shown
for populations in India (McMichael et al., 2008).

Climate Change Impact in Urban Areas
• Climate change and variability is now known to have primary and
secondary impacts on urban areas.
• Climate change will lead to increased frequency, intensity and/or
duration of extreme weather events and some of the aspects of
these impacts would include urban temperature variation;
drought and water scarcity; inland flooding, hydrological and
geo-hydrological hazards at urban scale; and other emerging
human health, disease and epidemiological issues (Revi et al.,
2014).
• Moreover, climate variability is also known to affect the timing
and intensities of regular climatic events such as monsoons in
India and therefore have multiple adverse impacts in urban areas
(through water, food, migration connections).
• In India, contaminated urban flood waters have caused exposure
to pathogens and toxic compounds (Sohan et al., 2008).

Impact of Climate Change on Vulnerability from a
Gendered Perspective
CLIMATE CHANGE IMPACT
Crop failure, lower food
production

RESULTING GENDERED VULNERABILITIES
Reduced food and nutritional provision— reduced ability to grow, process, manage food,
maintain kitchen gardens, increased agricultural work, women are the last to eat, required
to undertake extra work (typically wage labour)

Fuel shortage

Household fuel provision, drudgery in collecting fuel and fodder, inability to raise small
livestock, food-fuel conflicts, impact on food consumption, and nutrition levels

Shortage of safe, clean water

Household water provision, drudgery in collecting water over long distances, exposure to
contaminated sources
Economic drawbacks, erosion of natural resource-dependent livelihoods, pressure on time
to diversify livelihoods, school dropouts
Greater incidence of mortality and morbidity, reduction in life expectancy, longer walks to
get water and fuel, loss of fodder and livestock (typically female livelihoods in SARs),
drought leading to harder soil for manual work

Resource insecurity
Extreme events and disasters
(water-logging, floods,
drought)
Higher temperatures

Higher rainfall
Species loss
Health and disease

Distress migration

Lower milk production, increased effort to work in fields (especially weeding, harvesting
which women do), longer working hours (women wake up early because afternoons are too
hot to work)
More weeding required, less fodder fuelwood available,
Some medicinal herbs and fodder unavailable or difficult to find
Lack of access to healthcare, increased burden of caring for young, sick and elderly,
malnutrition, limited healthcare options for pregnant women
Loss of livelihoods, lack of adequate shelter, conflicts, more workload on women when men
migrate, reduced social capital if moving to urban centres for work

Aspects of Socio-Economic vulnerability
• Though there has been a substantial decline in poverty levels, the level
of inequality remains high (Motiram and Vakalabharanam, 2013;
Motiram and Naraparaju, 2014).
• Change in the employment structure with large movement of labour out
from agriculture
• Employment generating capacity as measured through employment
elasticity is show below – agriculture is not supporting adequate
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Aspects of Socio-Economic vulnerability
• Urbanisation
o Central to achieving faster and more inclusive growth (11th 5 year Plan)
o Strengthened rural-urban connections and growing importance of small
and medium towns(Denis and Z´erah, 2014)
o Positive role in the reduction of rural poverty (Lanjouw and Murgai, 2010;
Cali and Menon, 2012)
o Increased pressure on land use and other environmental concerns (IIHS,
2014)
• Migration
o Led to 24% of the increase in urban population during 2001-11 (IIHS, 2014)
• Access to Public Services
o Greater pressure to provide urban infrastructure and civic amenities
o 40% of the urban households in India lack access to public provision of
water and 12% defecate in the open (IIHS, 2014)
• Peri-urban areas
o Ecological, economic and social function affects both the city and the
countryside (Allen, 2003)

Risks, impacts and vulnerability: Bangalore sub-region
Key Climatic Risks and Impacts
• Extreme rainfall events resulting in urban flooding and damage to
infrastructure
• Urban Heat Island (UHI) Effect resulting in temperature variation and irregular
rain showers
• Availability of water in Bangalore depends on the rainfall in the Cauvery River
Catchment Area, fed predominantly by the monsoon rains. Water scarcity will
be a major threat to the growth trajectory of Bangalore.
Non-Climatic Risks
• Rapidly growing informal economy characterised by low wages, low quality of
jobs, poor working conditions and low job security
• Rising disparity between the rich and the poor, unequal distribution of growth
and unequal access to resources

Risks, impacts and vulnerability:
Bangalore sub-region
Recent Development Trends
• Rapid urbanization and unplanned growth of the city
• Increasing population due to in-migration since Bangalore acts as a magnet for
livelihood opportunities for people surrounding areas
• Large-scale infrastructure and development projects that are shaping the
spatial, economic and cultural landscape of Bangalore
Dimensions of Vulnerability
• Increasing slum settlements in the city, that are particularly vulnerable due to
their location, and lack of access to basic urban services such as water supply
and sanitation.
• Increased dependency on marginal work within the informal economy
• Limited and depleting natural resource base
• Structural gender based inequalities
• Multiplicity of city planning agencies and fragmented governance processes
• Skewed public policy that does not adequately address multi-dimensional
poverty and vulnerabilities.

Risks, impacts and vulnerability:
Sangamner sub-region
Key livelihoods and their vulnerabilities
• Agriculture
o Sorghum and millet losing out to maize, soybean and cotton (Singh and
Bantilan, 2009)
o Lower agricultural productivity than the national average (Shroff and Kajale,
2013)
o Rural-urban migration leading to labour deficit for agriculture
o Drought prone area (ICRISAT, 2006), small farmers especially vulnerable to
agricultural impacts of erratic rainfall
• Livestock
o Livestock contributes to 40% of agricultural GDP (WOTR, 2013)
o Source of half of the income of small holders (Birthal et al, 2003)
o Common property resources (CPR) critical for livestock rearing
o Livestock productivity especially non indigenous varieties vulnerable to the
impacts of climate change

Risks, impacts and vulnerability
Key Risks
• Climatic
o Drought
o Erratic rainfall
• Biophysical
o Erosion of Common Property Resources (pasturelands and forests)
o Decreasing soil fertility
o Over extraction of groundwater
• Non Climatic
o Indiscriminate digging of wells owing to lack of regulatory mechanisms
o Introduction of less climatic resilient more profitable varieties of crops and
livestock
o Faulty natural resource governing mechanisms

Risks, impacts and vulnerability: Moyar Bhavani sub-region
Key livelihoods and their vulnerabilities
• Agriculture
o Rainfed agriculture is predominant in the Moyar side of the sub region.
o Irrigated agriculture: Primary sources of irrigation include borewells, surface water
oIncrease in irrigated agriculture due to enabling policies and subsidies for irrigation.
o Increasing shift from food crop to cash crop production
• Non Timber Forest Products (NTFP) collection
o Tribal forest dwellers depend on NTFP collection to supplement their income.
oNTFP’s include high value products such as honey which are sold in external markets.
o Rights for collection of NTFP are provided by the forest department
• Fisheries
o Primary livelihood of communities living on the edge of the Bhavani Sagar reservoir.
oTraditional fishing rights given by the Fisheries Department
• Pastoralism
o Livestock highly susceptible to wildlife attack and disease (Shamsudeen et al., 2013).

Risks, impacts and vulnerability: Moyar Bhavani subregion
Key Risks
• Climatic
o Temperature increase
o Erratic rainfall
• Biophysical
o Increased Ground water abstraction leading to depleting ground water
table (Rajagopal and Jayakumar, 2006)
• Non Climatic
o Competition between urban water usage and agricultural water usage
(Krishnamoorthy, 2013; Maheswari, 2007 )
o Defunct water cannels (CSTEP, 2014)
o Increasing ground water stress
o Increasing human-wildlife conflict (Maheswari, 2007)
o Threat of relocation of tribal hamlets from protected areas.
o Labor shortage for agriculture due to urban rural migration

Summarizing: Risks, impacts and vulnerability
Elements

BANGALORE



Key
livelihoods


Climatic
risks



IT and ITES sectors supported by
manufacturing, textile and service
sectors.
Informal economy: construction and
transport sector, waste collection,
catering and food industry,
handicraft trade, home-based fabric
industry and other domestic
activities such as cleaners and
helpers.

Reduction in rainfall by 10-20% by
2050 (Government of Karnataka)
Urban heat island effect (UHI)
(Ramachandra and Kumar, 2010)
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Agriculture
Livestock




Drought
Increasingly erratic
rainfall (shift in season

start, more frequent dry

spells, heavy downpours
in a short period, failure
of monsoons)




Rainfed agriculture
Non-timber forest
products
Pastoralism
Fishing

Erratic rainfall
Temperature increase

Summarizing: Risks, impacts and vulnerability

Biophysical risks







Non-climatic
risks




Encroachment of lakes,
natural flood plains and
drainage channels
Reduction in tree cover
by 79% between 20022009
Lack appropriate flood
protection or flood
resilient infrastructure
Reduced availability and
access to regular quality
water. One-third of the
population has partial
or no access to piped
water (Benjamin, 2000)
43% population lives in
multi-dimensional
poverty
Poor solid waste
management and
sewage water
treatment











Erosion of common
property resources
such as pasturelands
and forests
Decreasing soil
fertility

Lack of legal measures
to stop indiscriminate
dug wells
New seed varieties and
crossbred cattle are
not tolerant to stress
conditions
Lack of robust and
well-functioning village
institutions for natural
resource management.



Water abstractions in the
basin are projected to
increase by 30% in the
coming decade



Competition between
urban water usage and
agricultural water usage
(Krishnamoorthy, 2013)
Unauthorised water
pumping from the river and
unregulated groundwater
extraction
Defunct water cannels
Increasing human-wildlife
conflict (Maheswari, 2007)






Summarizing: Risks, impacts and vulnerability



Development
dynamics


Uncontrolled urbanisation
and increase in built up
area (632% increase from
1973-2009)
Increasing income
inequality






Increasing digging of wells 
leading to over-extraction
of groundwater

Rural mobility to
neighbouring towns






Resulting
vulnerabilities




Low lying areas are prone to
floods
Over-extraction of
groundwater and water

from neighbouring basins is
driving water prices
Health impacts of UHI and
increasing pollution

Slum dwellers face multiple
vulnerabilities (limited asset
base, low access to public
services, low levels of
literacy, employment in the
informal sector)


Impact on livestock
productivity which are a
crucial subsidiary
livelihood
Small and marginal
farmers most vulnerable
to erratic rains



Threat of relocation of tribal
hamlets from protected areas
Increasing population
Shift from food crops to cash
crops and commercial crops
(e.g. marigold, sugarcane)
Increasing irrigation due to
policies favouring extraction
(Senthilkumar et al., 2008)
Rearing of hybrid cows
More rural mobility
High poverty rates, high decadal
growth rates, low sex ratio, poor
access to basic amenities and
financial resources make tribal
communities especially
vulnerable (CSTEP, 2014).
Women especially vulnerable
because of the added burden of
low productive activities like
collection of water, firewood
and NTFPs apart from
agricultural work.

Risks, impacts and vulnerability

Tribal hamlet in the Moyar Bhavani subregion

Irrigated agriculture practiced in the region

The adaptation-development spectrum
International framings of adaptation
o Adaptation as necessary for development: Mainstreaming CCA in development by
systematically including climate risk and adaptation considerations in planning decisions
and processes instead of implementing adaptation measures as isolated, distinct projects.
Can occur at multiple scales and in different areas of decision-making (policy-making,
decision-making to screen for adaptation-oriented projects, planning, implementation
and monitoring) (OECD, 2009). In India, adaptation is embedded in the development
agenda though the National Adaptation Programmes of Action (NAPAs), National Action
Plan on Climate Change (NAPCC).
o Disaster risk management (DRM) and adaptation: The UN Hyogo Convention helped
create national and local-level DRM plans that identify ‘low-regrets measures’ and
incorporate climate projects into adaptation plans. Convergence of CCA, DRM, and social
protection programmes helps operationalise CCA mainstreaming (Sharma, et al., 2014;
Davies et al., 2013). Also reduces risk of unintended maladaptation (Mimura et al., 2014).
o Risk-based frameworks: Adaptation is a behavioural change in response to climatic and
non-climatic risks (IPCC 2014a). Acknowledges that people, communities, and
policymakers do not respond to climate change alone and negotiate multiple risks when
deciding on a response strategy. Also focuses on how values, objectives, asset bases, and
planning horizons shape perceptions of climate change impacts (and risks), mediate their
decision making, and motivate ongoing and potential adaptation responses.

The adaptation-development spectrum
• Evolution of climate change adaptation policy in India
o Post-independence: Focus on development (poverty reduction, food
security)
o 1990s: Market liberalisation, economic growth
o 1980s, 90s: Growing concerns about environmental costs of growth
(connected to Earth Summit and other international debates)
o National Environmental Policy (2006) first Indian document to
explicitly talk of climate change
o IPCC Assessment Report 4 (2007) paves way for mainstreaming
climate change adaptation
o National and State Action Plans on Climate Change APCC, 8 National
Missions (3 with adaptation focus)
o Present: ‘co-benefits’ (NATCOMM 2), framing adaptation as part of
development goals (e.g. MNREGA)
o Increasing fiscal federalism and incentives for sustainable
development (e.g. forest cover as an indicator for financial transfers)

The adaptation-development spectrum
MISSION

AIM

Enabling forestdependent
National
communities to adapt
Mission on
to climatic variability,
Green
enhancing carbon
India (GIM)
sinks of vulnerable
species/ecosystems

Implementation of activities will be in
conjunction with existing programmes and
policies such as the MGNREGA, Compensatory
Afforestation Fund Management and Planning
Authority (CAMPA), and the National
Afforestation Programme (NAP).

Adaptation and mitigation strategies
embedded in existing R&D programmes and
schemes such as including Rashtriya Krishi
Vikas Yojana (RKVY), National Horticulture
Mission (NHM), National Food Security Mission
(NFSM) and National Agricultural Insurance
Scheme (NIAS). National Initiative on Climate
Resilient Agriculture (NICRA) seeks to scale up
outputs through Krishi Vigyan Kendras. NICRA
to research adaptation and mitigation in 100
vulnerable districts.
To conserve water,
Adaptation planning is developed by instituting
minimise wastage,
appropriate mechanisms (for coordinated
ensure more equitable actions), capacity building and awareness
distribution across and programme (rural and urban local bodies),
within states
active participation of the youth in the process

To transform Indian
agriculture into a
climate resilient
production system
National
Mission for through suitable
Sustainable adaptation and
Agriculture mitigation measures in
the domain of
agriculture and animal
husbandry.
National
Water
Mission

MECHANISM OF IMPLEMENTATION

DRAWBACKS
Timely decentralisation and
implementation will prove difficult
Absence of addressing crucial issue of
reducing the rate of diversion of forest
for non-forest use
The danger of being reduced to a
plantation programme for commercial
purpose.
Need to address currently weak
agricultural extension services and
insufficient credit and insurance
availability to poor farmers
New regulatory frameworks and
capacity to address climate change are
missing in institutions responsible for
implementing agricultural policy.

The water sector is poorly integrated
with climate change and development
concerns. Demand management of
water has not been prioritised.

The adaptation-development spectrum
•
•
•
•

Reviewed 78 projects funded by 10 main funding agencies in India
21 projects completed, 57 ongoing
35% at national and 65% at regional or local scales
Most projects focused on water and agricultural sectors
5%
6%
24%

4%

Biodiversity consevation
Livelihoods strengthening

4%

Infrastructural

4%

Agriculture, food security
Health
Disaster risk reduction

12%
14%

Governance, institutional
Watershed development
Explicitly climate change

27%

The adaptation-development spectrum
Risk management in India occurs at multiple scales and by
multiple actors
SECTORS
Natural
ecosystems

Agriculture

Water

NATIONAL
Green India Mission
India Forest Act
National Initiative for Climate Resilient
Agriculture (NICRA)
National Mission for Sustainable Agriculture
Rashtriya Krishi Vikas Yojana (RKVY)
National Agricultural Insurance Scheme (NIAS)
National Agricultural Development
Programme
Participatory watershed management through
Integrated Wasteland Development
Programme
Integrated Watershed Management
Programme
National Watershed Development Project for
Rainfed Areas (NWDPRA)

REGIONAL
Reclamation of Alkali Soil was launched as part of
the VII five-year plan to address alkalinity
Incentives for solar energy, drip and sprinkler
irrigation and organic agriculture.
Millet Cultivation using the System of Rice
Intensification in semi-arid regions of Karnataka
(Mandal, 2014)
Using temperature tolerant rice cultivars and
biofertilisers (Geethalaxmi et al. 2011)
Tamil Nadu: World Bank assisted dam
rehabilitation and improvement project (DRIP)
TN Irrigated Agriculture Modernisation and Water
Bodies Restoration and Management Project (TN
IAMWARM)
Comprehensive Watershed Development Program
(COWDEP) in Maharashtra

The adaptation-development spectrum
Risk management in India occurs at multiple scales and by
multiple actors
SECTORS

Health

Urban

Socioeconomic

NATIONAL
National Environmental Policy (2006)
National Health Mission
Rashtriya Swasthya Bima Yojana (2002)
Community-Based Health Insurance
Scheme
National Urban Renewal Mission or
Jawaharlal Nehru National Urban Renewal
Mission (JNNURM, 2005)
National Urban Transport Policy (NUTP)
Mahatma Gandhi National Rural
Employment Guarantee Scheme
(MGNREGS)
National Rural Livelihood Mission

REGIONAL
Karnataka: Yeshasvini Co-operative Farmer Health
Care Scheme (2003), AYUSH Grama Yojane
Integrated Child Development Scheme (ICDS) and
the Tamil Nadu Integrated Nutrition Project (TINP)
Maharashtra: Navsanjivani Yojana for rural areas
Karnataka Municipal Water Energy Efficiency Project
North Karnataka Urban Sector Investment Program
The Bangalore Water Supply and Sewerage Act
(2009) which has made rainwater-harvesting
mandatory in Bangalore
Maharashtra: Employment Guarantee Scheme (EGS)
TN: Mahalir Thittam is a socio economic
empowerment programme for women based on SHG
approach

The adaptation-development spectrum
Adaptation options suggested for different sectors (from modelling studies)
SECTOR

Water

ADAPTATION OPTIONS
KEY IMPACTS
 Adaption options should be no different from present day stresses.
 Application of Integrated Water Resource Development at
Decreased water availability
different levels (from households to catchments)
in many of the semi-arid
The best adaptation option may be artificial restoration of
basins
hydrological system by enhancing water storage and infiltration

STUDY

Gosain et al. 2006

Do not prescribe specific adaptation options, rather sub-basin level
Decreased water yield in
model outputs for the whole country. Users should draw adaptation
many river basins in SARs
inferences at local level

Gosain et al. 2011

Increase in surface run-off may be unevenly distributed across the
seasons, there is a need to create storage to smooth out the peaks
in water availability throughout the year, otherwise greater run-off
volumes may induce flooding.

Fung et al. 2011

Increased water availability
in Ganga basin

New wheat cultivars are needed to adapt to changing environments High yielding wheat area loss Ortiz et al. 2008
Impact of two low-cost adaptation options were tested: a) change in
Decreased yields of Sorghum
variety and b) change in sowing date. Adaptation strategies yield
Naresh Kumar et al.
under climate change
Agriculture positive results as these are projected to reduce the climate change
2013
scenarios
impacts in both the monsoon and winter sorghum
Suggested adaptation strategies: system of rice intensification, using
Rice yield loss
temperature-tolerant cultivars, green manure/biofertilisers
Forestry

Inclusion of CC concerns in long term forest policy planning
Reduce forest fragmentation. Anticipatory planting to cope with
future CC

Geethalaxmi et al. 2011

Forest type shifts

Ravindranath et al. 2006

Forest type shifts

Chaturvedi et al. 2011

Rural risk management
o Coping and adaptive strategies in tandem
o Multiple scales (household, community, larger levels)
o Multiple actors (central and state-level governments, NGOs, international actors, CGIAR)
Strategy
Livelihood
strengthening

Storage

Agricultural
practices

Market, credit
access

Risk management strategy
- Seasonal migration, involuntary migration, agro-pastoral migration
- Wage labour
- Livelihood diversification
- Food storage (grain, forest products)
- Agricultural input storage (seeds, fertilisers)
- Water (tanks, RWH, ponds)
-

Leave land fallow in one season, sowing a second time, sharecropping,
Leave land fallow all year round, appropriate crop selection
Multiple, rotational cropping, zero till, organic or low input agriculture
Improved water and soil management (land levelling, contour bunding)
Improved irrigation methods (drip, sprinkler), nutrient management (vermicomposting)

-

Take loans from moneylenders or relatives
Daily wage labour
Pawn jewellery, mortgage/sell land, distress sale of livestock
Insurance (crop, life, health), loans from banks

Survival/safety - Buy food on credit, subsidised food, decrease food intake, food from relatives
nets
- Relief (Food for Work)

Urban risk management
o Individual
o Municipality, state-driven
o Corporate/Private companies
AREA OF INTERVENTION
Storm water
management
Lake and wetland
restoration

Groundwater
management
Waste water treatment
and reuse
Green infrastructure and
UPA

RISKS ADDRESSED
Flooding
Flooding (improved
drainage system);
livelihoods; heat stress;
quantity and quality of
groundwater
(groundwater recharge)
Water scarcity

ECOSYSTEM-BASED ADAPTATION APPROACH
Combining traditional storm water drain interventions
with Sustainable Drainage Systems (SUDS)
Ecological restoration which goes beyond mere
engineering options (such as desiltation and
cementing); protection of groundwater dependent
ecosystems (wetlands); turning lakes into drinking
reservoirs

Water harvesting and groundwater recharge through
wetland restoration and green infrastructure.
Water scarcity and water Neighbourhood-scale treatment and reuse, with lakes
quality
acting as water storage structures
Heat stress, flooding;
Urban afforestation and tree conservation with a focus
livelihoods; ground water on tree density, large canopy trees and other species
recharge
that maximise ecosystem services.

Implications for adaptive capacity
Strengthening local capacity (e.g. watershed development in Maharashtra)
PROJECT
Watershed development in
Shekta Watershed,
Ahmednagar District,
Maharashtra
Bahirwadi Watershed in
Ahmednagar District,
Maharashtra

IMPLICATIONS FOR ADAPTIVE CAPACITY
Impact assessment showed that watershed development was
economically beneficial with a benefit cost ratio (BCR) of 1.5 and
internal rate of return (IRR) of 16%. Diversified farming systems with
high-value crops and livelihood sources benefited people in terms of
increased crop yields, income, and reduced seasonal migration by 60%.
Total income per ha from crop production and livestock activities
increased 101%. Increased irrigation, milch animals enhanced annual
employment of male and female workers by 43.2% and 51.7%.

Development started from ridgeline to the valley. Ameliorative
measures on barren slopes, marginal lands and farms. Results:
increased livestock population, agricultural productivity, per capita
income and water availability. Reduced debt, workload of women,
migration, and runoff.
Net Present Value (NPV) of the watershed development project in
WOTR-implemented project, Kumbharwadi ranged from $5.07 to $7.43 million and equates to
benefits of $5,573 to $8,172 per ha treated or $29,650 to $43,479 for
Kumbharwadi watershed
each of Kumbharwadi’s 171 households.
Impact of watershed
Watershed development activities have had a significant impact upon
management in semi-arid
ground water recharge and access resulting in the expansion of
tropics, India
irrigated area.
During 2012-13 increase of 30-50% in productivity, due to adoption of
National Mission on Micro
high yielding/hybrid seeds, micro irrigation
Irrigation in Tamil Nadu
Participatory integrated
watershed management
programme in Sundarwadi
Watershed, Aurangabad

SOURCE
Sreedevi et
al. (2008)

Tilekar et
al., 2009

Aher and
Pawar
(2013)
Gray and
Srinidhi
(2013)
Palanisami,
et al., 2011

MoEF 2005

Climate Change and Women – Aspects of Risk
Management
• Although India spends 2.5% of its GDP on CCA (MoEF 2012), it is not
clear how much of this explicitly addresses the gendered impacts of
climate change (Alternative Futures 2014).

• In India, 20 per cent households still do not have access to adequate
water for domestic use (MoEF 2012).
• To meet household water demands, women spend significant time and
effort in collecting water (Krishnan et al., 2004).
•This burden of carrying water often falls on young girls, resulting in
relatively school attendance (Aggarwal et al., 2012).
•With climate change projected to reduce per capita water availability
further, (5177m3/capita/year in 1951 to 1654 m3/capita/year in 2007
and 1140 m3/year by 2050) time and effort spent in water collection is
expected to increase drastically, with implications on drudgery for
women.

Climate Change and Women – Aspects of Risk
Management
• Studies from mountainous landscapes of northwest India find that while drinking water
supply interventions reduce the distance women walk to reach water sources and the
drudgery of negotiating steep mountain slopes, they result in an increase in volume of
water women are expected to carry (Narain 2014).
• A study in Rajasthan found that relatively lesser participation in community decisionmaking, lower access to vital social networks within and beyond the community, and
limited access to information channels such as extension officers and mobile phones,
affect women’s perceptions of climate variability and their ability to respond to climatic
and non-climatic stressors (Singh 2014).
• In addition, exclusion from male kinship relations, patriarchal land inheritance norms and
poorer education and health status of women result in multiple vulnerabilities.
• A state-level index-based study exploring climate vulnerability in 2025, found that
wherever there were projected improvement in social and economic indicators of
women well-being, such as literacy rate, life expectancy, incomes; it invariably led to
vulnerability reduction to climatic stresses (partly due to their increased ability to lobby)
(MoEF 2012).

Discussing maladaptation
• Identifying certain pathways and strategies as maladaptive is difficult due to:
o temporal issues (the impacts of certain decisions may not be apparent
immediately),
o spatial issues (trade-offs between catchments within a larger river basin),
and
o data insufficiencies (accurate trade-off analysis of interventions is
missing/unclear).
• Potentially maladaptive strategies:
o Individual: unrestricted groundwater extraction
o Community-level: subsidised construction of farm ponds in Maharashtra
o System-level: Shift from traditional subsistence agriculture to resourceintensive farming
o Urban areas (Bangalore): Unplanned urbanization (construction on lake
beds), unplanned location of infrastructure (e.g. airport far from the main
city leading to the development corridor to the airport in a water stressed,
region), and poor water provisioning (leading to growing informal water
tanker market)

Barriers to adaptation
• Physical and biological
o Transformations and regime shifts: Climate change will lead to land degradation and
acute water stress conditions in arid region of India (GoI, 2004), which will influence
crop yields and farm-based livelihoods.
o Present adaptation choices affect future options: The effectiveness of adaptation can
be constrained due to the loss of local knowledge around ecological thresholds (Folke et
al., 2005).
o Restricted rource availability and access: Intensification of groundwater use for
agriculture in arid regions of India will lead to resource depletion, secondary salinisation
and depleted quality of groundwater (Shah, 2009) influencing the stability of farming
livelihoods in the face of hydro-climatic variability and hence their capacity to adapt.

• Knowledge, awareness, and technological
o Lack of locally downscaled climate information (Kumar et al., 2010), and poor data on
state-level climate vulnerability and sectoral impact assessments (Patra, 2014).
o Limited knowledge of adaptation costs and benefits (Agrawala and Frankhauser, 2008).
o Lock-in pathways: Green revolution technologies have locked-in Indian agricultural
systems into a trajectory of input-intensive farming, which has repercussions on future
adaptation options (Singh, 2014, Thompson et al., 2007).

Barriers to adaptation
• Economic and financial
o Restricted access to financial capital can challenge the implementation of specific
adaptation strategies and options (IPCC, 2014a).
o Economic development and urbanisation may increase vulnerabilities by increasing
pressure on natural resources and ecosystems. For e.g. sugarcane farming in
Karnataka is economically profitable but it is water intensive.
o Lack of adequate resources limits low-income groups from proposed adaptation
mechanisms like climate-risk insurance. In India, microfinance is led by commercial
firms (Humle and Maitrot, 2014) which charge usurious interest rates (Ventures,
2011). While index insurance is valuable to business entities and local governments,
they might not be effective for individual farmers (Ramaswami, 2010).

• Socio-cultural
o Adaptation decisions involving women are constrained by cultural and institutional
pressures that favour male land ownership (Jones and Boyd, 2011) and limit access to
hazard information (Ahmed and Fajber, 2009).
o Caste as a barrier: A history of socio-economic and political isolation makes tribal
farmers perceive themselves as more vulnerable than upper caste, educated farmers
(Singh 2014).

Barriers to adaptation
• Governance and institutional
o Multiplicity and redundancy: Disaster risk management for drought in India displays a lack of
coordination in government departments (Prabhakar and Shaw, 2008). Municipal authorities lack
the jurisdiction needed to tackle environmental challenges. Decision-making is often overlapping
and fragmented (IIHS, 2014).
o Fragmented governance: Fragmented governance where different actors have different
objectives, jurisdictional authority, and levels of power or resources make reducing risk
challenging (IIHS, 2014).
o Top-down approaches: Planning often at higher levels of government. Local bodies, civil society,
and communities tend to play a role in implementation with little room for innovation.
o Institutional rigidity: Path dependency where past policies, decisions, habits and traditions,
constrain the extent to which systems can learn or adapt to climate change (e.g. formulation of
SAPCC - new goals (adaptation to climate change) were undertaken by the existing state-level
bureaucracy using existing processes).
o Low capacity to deal with unprecedented changes: Existing institutional arrangements may not
be sufficiently equipped to handle new shocks such as within and across-country migration in
India resulting from sea-level rise (Byravan and Chella Rajan, 2009).
o Absence of certain actors and sectors: Sectors such as food security, rural and urban housing for
the poor, and health and education infrastructure have received inadequate policy attention
(Ganguly and Panda, 2010). Regional priorities and needs are sometimes subverted. Lack of
knowledge exchange between think tanks and grassroots organisations in India results in weak
representation of such actors and their opinions in policymaking (Mandal, 2014).

Enablers of adaptation
• Social learning and capacity building (e.g. in Lower
Bhavani Basin)
• Appropriate technology with proper demonstration (e.g.
System of Rice Intensification and System of Crop
Intensification)
• Knowledge and information sharing (e.g. agroadvisories)
• Multiple stakeholder processes (e.g. SAPCC formulation
in Karnataka)

Conclusions
Major river runoff
Water supply
Phenology and growth rates
Distributions of species, biomes

OBSERVED
IMPACTS
√
X
X
X

PROJECTED
IMPACTS
X
X
X
√

Inland waters

X

X

X
X
X
X
X
X
X
X
√
√

√
√
X
X
X
X
X
√
√
√

√

√

√
X
X
√
√
√
X

X
X
X
X
X
X
X

SECTOR

TOPIC/ISSUES

Freshwater
resources
Terrestrial
Ecosystems
Inland water
systems

Rice yield
Wheat yield
Corn yield
Food production
Other crops (e.g. barley, potato)
systems and Food
Vegetables
security
Fruits
Fisheries
Pests, disease occurrence
Human
Flood-plains
settlements,
Population and assets
industry,
Industry and Infra
Infrastructure
Flood related
Drought related
Human health
Heat related
and Livelihood
Water-borne
Vector-borne
Livelihood and poverty
Livestock
Livestock

State of knowledge on the
impact of climate change in
South Asia on different
natural systems relevant to
SARs (Hijoka et al 2014).

√= relatively sufficient information;
knowledge gaps need to be addressed but
conclusions can be drawn based on existing
information;
X = Limited information/no data; critical
knowledge gaps, difficult to draw
conclusions

Conclusions
Vulnerability
• Dearth of studies that assesses medium- to long-term impacts on key
sectors (especially at the interface of climate change and health
impacts).
• Limited understanding of globally and locally-driven ecosystem and
biodiversity impacts, partly due to the poor quality of data availability.
• Insufficient understanding of climatic impacts on multiple crops, with a
high degree of certainty (rice is the most studied crop in the Indian
context but still suffers from significant model uncertainties).
• Lack of reliable and sufficient climate data (at very high resolution, with
limited bias) to understand local level natural and physical changes, with
lower levels of uncertainities or bias.
• Dominant dependence on single climate and impact model (leading to
poor reliability), coupled with incomplete sensitivity analysis.

Conclusions (from key informants)
Vulnerability
• Lack of nuanced understanding of local drivers of social vulnerability. Particularly
in credit constraints (including access), increased exposure to output and input
price shocks, poorly remunerative livelihood structures, lack of adequate rural
infrastructure, inadequate investment in the social sector (e.g. expenditure on
health and education is very low especially with respect to other countries) and
inadequate/expensive provision/availability of public amenities like health
services.
• In the urban context, gaps in understanding the formal-informal binary, poor
understanding of the role of human and social capital, access to public good
services, health, housing, and mobility patterns and their roles in reducing urban
vulnerabilities.
• Lack of studies that understand how social cleavages determine regional
inequalities and poor developmental outcomes.
• There is a lack of understanding about pastoralism as a livelihood source,
particularly in the context of pastoral landscapes being considered as wastelands.
• Insufficient understanding of the dynamic impacts of climatic and non-climatic
drivers (in various sectors and contexts) in shaping risk and vulnerability profiles,
particularly in the context of forest-based systems.

Conclusions (from key informants)
Adaptation
• Insufficient understanding on how different actors, at different levels, address adaptation
planning.
• There is a lack of adaptation planning that addresses contiguous landscapes. For e.g., need to
study the underlying processes that define conservation planning around biodiversity and landuse management and the associated incentive mechanisms.
• Lack of understanding on issues related to scaling up of local level adaptation initiatives and the
associated enabling processes/mechanisms.
• Need to understand utility of creating tailored climate-messages that are sufficient to create
adaptive responses maintaining a balance between immediate and long-term strategies.
• Medium to long-term climate information for decision making lacks evidence and is insufficiently
tested in India.
• There is a need to create more evidence, on how institutional innovations (such as the role of
communities) and the associated risk sharing and transfer mechanisms can foster effective,
widespread and sustained adaptation response.
• Lack of understanding on creating an evidence-based understanding of how trade-offs between
diverse adaptation practises are determined/understood, to enable adaptation mainstreaming.
• Maladaptation requires intensive enquiry, particularly in the distortions created by certain
practices in the context of creating new groups/segments of gainers and losers.
• Weather-based insurance, including a more holistic farm income-based insurance mechanisms
has emerged as a key risk mitigation strategy in recent times. Increasingly, farm-income based
insurance mechanisms are gaining prominence, which requires robust evidence for
mainstreaming as an effective adaptation strategy.

Conclusions
Three major ‘transformative adaptation’ options exist in India:
• Increase productivity of existing biophysical and socioeconomic systems,
• Create new sustainable livelihood forms and/or,
• Shift population from fragile ecosystems
The choices should be able to:
• Sustain existing ecosystems (to some extent),
• Respect embedded socio-cultural dynamics,
• Innovate around governance and institutional structures and
• Respond to current and projected non-climatic and climateinduced risks

Key is to understand
• What forms of planned intervention and
spontaneous innovation have been effective?
• Which of these can be deepened and/or scaled
and in what potential sequence?
• What strategic institutional, technological and
policy gaps could pragmatically be filled and at
what scale?
• Delineate the role and type of principal agencies
and processes that could take forward the
(transformational) development agenda.
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