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Preface

Anthropogenic green house gas emissions are leading to increases in
global temperature with negative consequences in many parts of the
world. South Asia is particularly at risk. Ecological zones such as the
Himalaya, the arid plains and extensive coastal zones have high levels of
direct exposure to the impacts of climate change. In addition,
populations across the region are highly vulnerable. Many live in
regions that already face the direct impact of floods, droughts and
extreme storms. At same time many depend on climate vulnerable
livelihoods such as agriculture and fishing and lack the financial and
other resources essential to adapt.

Minimizing the impact of climate change on vulnerable populations
and vulnerable regions within South Asia requires understanding both
the natural dynamics of the systems affected by climate change and the
functioning of human institutions.This publication presents twenty-two
brief analytical pieces on climate science, shared learning process,
vulnerability assessment, communication and ecosystems that contribute
to such understanding.The pieces are based on research undertaken by
a consortium of organizations working across South Asia.
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Tracing the Threads of Understanding:
Perceptions of Climate Change and
Information Communication in

Local Contexts

Marcus Moench & Sarah Opitz-Stapleton, ISET

The Challenge

Globally, research on climate dynamics and change generates new information and insights on an almost daily basis.
This information has profound implications for human understanding of climate systems and the changes we face as
climate conditions evolve, whether due to natural causes or anthropogenic forcing. These new insights, however, as
with the climate systems themselves, often remain far above the ground - distant and divorced from the daily realities
that shape lives, livelihoods and the responses of ordinary people to change. As a result, emerging insights rarely
influence the behavior of those who are, perhaps, most vulnerable. The reverse is also true. Local populations
generally have access to types of information and are aware of dynamics within local areas that are inaccessible to
outside actors.There is a saying in the community of organizations working on emergency response that “all disasters
are local.” This saying points to the fact that whether one is dealing with floods, droughts, earthquakes or other events,
the impacts of an event depends on a myriad of location-specific factors. Local topography, communications systems,
the nature and maintenance of physical infrastructure, the presence of effective governmental and private
organizations, social divisions — all such factors shape the humanitarian impact of “disaster” events in ways that are
often far more fundamental than the physical event itself. Such location specific information is just as inaccessible to
those working at a global level on changes in climate systems as the global information is to communities at local
levels. As a result, in most cases, partial information and partial understanding interweave to shape perceptions and
the decisions or courses of action different levels. The gulf between local knowledge and that generated at a global
level by experts and other actors is wide. Understanding and perceptions diverge, complicating the emergence of
proactive responses to climate change.
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This paper traces the threads of understanding between emerging global scientific knowledge on climate change and
local communities in India and Nepal. The paper summarizes the results of intensive research to explore the potential
uses of existing “information products” on global climate change in local implementation contexts.The paper also
explores the use of shared learning dialogues (SLDs) as a technique to bridge the gap between global and local
knowledge in ways that support the evolution of practical strategies for responding to climate change.

Structure of the study

This study involves exploration of the uses and limitations of available climate information products in the
development of strategies for adapting to climate change in a series of locations across India and Nepal. It was
undertaken in conjunction with a major program supported by the Canadian International Development Research
Centre (IDRC) in which local organizations are supporting the development and implementation of small-scale
pilot projects to test the viability of different strategies for adapting to climate change. Case areas involved in the
study included:
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1. Coastal portions of Bhavnagar District, Gujarat, India. Pilot testing of climate information products in this
case area was led by Utthan, an NGO with extensive experience in the region. Specific villages involved in
the case areTarasar, Sartanpar and Katpar.

2. Campierganj and Paniyara administrative blocks of Gorakhpur District of Eastern Uttar Pradesh, India. Pilot
testing of climate information products occurred in the area between the Rohini and Gandak Rivers
(tributaries to the Ganga) and was led by Gorakhpur Environmental Action Group (GEAG).

3. The Rohini and Bagmati River basins in the lower (plains) Tarai region of Nepal. Pilot testing of climate
information products in this area was led by ISET-Nepal and Nepal Water Conservation Foundation.

4.  Coastal areas of Tamil Nadu, including the villages of Pichavaram,TS Pettai,Vanagiri, Pushpavanam and the
Sonankuppam area of OldTown Cuddalore. Pilot testing in these areas was led by the Madras Institute of
Development Studies (MIDS).

The project began with an in-depth review of available climate information products with particular emphasis on the
monsoon system, sea-level rise, and the availability of global climate change scenario projections relevant to the local
case areas. With the exception of the monsoon system and general projections of climate change impacts on the All-
India Monsoon, for which ISET developed a synthesis chapter (Opitz-Stapleton 2008), little detailed information for the
specific case sites was easily available beyond the general scenarios published in the IPCC (IPCC 2007). Policies
governing the development and dissemination of information on climate and weather information in the case countries
were also reviewed with the core finding being that official sources of information are highly centralized in
organizations such as the India Meteorological Department (IMD) and, while information often is available from other
sources, it is not publicly available and can not be used as a basis for official decision making.

Following the above reviews, extensive discussions were held within the project to assist partner organizations in
developing as much understanding as possible regarding the projected regional impacts of climate change.The partner
organizations then engaged local communities and key regional actors in dialogue regarding the implications of
climate change for their local areas.The goal was to assist both local communities and the partner organizations
themselves in understanding the implications of climate change, integrating that with local insights and using the
combination of insights generated to develop location-specific response strategies. This was done through an intensive
series of shared learning dialogues (SLDs) designed to bring global information on climate change together with local
information on hazards and climate-related conditions. Overall, the project was designed to explore both the way
climate information products could be used in developing location specific studies and the gaps in understanding that
exist at various points in the chain between local and global knowledge sources and the use of that knowledge.

Key Findings

Perhaps the single most important lesson to be drawn from the project is the difficulty inherent in communicating
different types of knowledge across major cultural, educational and other boundaries.This is nothing new but it has
profound implications. Very basic distinctions, such as the difference between weather and climate, may remain as gaps
in understanding even for relatively high-level organizations that are directly involved in work on global climate
change. The foundations for this gap can be deeply coded in the structure of language. Hindi, the regional language
of much of northern India, for example, has only one word mausum that applies both to weather and climate. The
distinction between the short-term variations in rainfall, temperature and other events that are captured by the English
language concept of weather and the longer-term underlying properties of the climate system from which weather
events emerge isn’t part of the cognitive space enabled by the language. In the absence of such a distinction, even after
extensive exposure to information from global research on climate change, individuals in regional organizations and
local communities tend to equate climate with weather. Partially as a result, when discussing climate they focus on any
changes in weather they have observed and emphasize response strategies, such as the improvement of weather
forecasting and early warning systems, that relate to weather conditions.

The challenge is compounded by the very limited array of climate “information products” available that are targeted
toward regional contexts and, more profoundly, by the types of information on climate change currently produced by
the global scientific community. As discussed further below, available “climate information products” consist primarily
of scientific studies (papers in journals) supplemented by a scattering of, often difficult to access or interpret, maps and



studies. Such information is not easily understood by individuals without climate science backgrounds and not
accessible to those without journal subscriptions.This is clearly illustrated by the analysis of changes in the Indian
monsoon (Opitz-Stapleton 2008).

In addition to the scattered nature of available information, communication faces a further fundamental challenge due
to fundamental differences between the types of information local actors “would like to have” and the types of
information produced by the global scientific community. Individuals and organizations within regions seek certainty
and specificity — they want to know what will happen, where, and when. Information produced by the global scientific
community rarely provides this.This isn’t just related to the scientific and socio-economic behavioural uncertainties
inherent in producing climate change projects with general circulation models (GCMs) and downscaling those
projections to make region-specific projections. While these issues are important, much of the challenge is related to
the nature of emerging scientific knowledge on climate change and how it is communicated. Scientific findings that
point toward increased variability in climate conditions and uncertainty in our carbon future indicate that the demand
for specific projections can, for many dimensions of climate change, never be met. As a result, the core challenge
relates to the need for communicating and responding to uncertainty and variability to multiple, non-technical users
rather than specificity. Uncertainty and variability are practically and conceptually much more difficult than the
communication of specific projections would be.

The above complexities highlight the need to develop processes for communicating emerging climate information into
local contexts and integrating global and local knowledge sources. While additional information on the likely impacts
of climate change is important, it will be of little use for informing practical responses unless processes for
communication can be developed that are capable of responding to the disjuncture between user demands for
specificity and inherent scientific uncertainties. The SLD process piloted in this project and other experiments with
information communication through, for example, radio dramas represents an initial step in this direction. As clearly
illustrated in separately published case studies fromTamil Nadu, eastern Uttar Pradesh and Gujarat (Moench and Dixit
(Eds.] 2007), while the shared understanding generated through SLDs is partial at best, it can serve as a basis for
identifying courses of action that should assist local areas in responding effectively to some of the projected
consequences of climate change. Before describing the SLD process in detail, however, it is essential to review available
information on climate change in South Asia.

The Climate Information Context in South Asia

The two most comprehensive, but also somewhat dated, sources of information on climate change in South Asia are the
reports of the IPCC and India’s National Communication to the UNFCCC. These findings are summarized briefly below
starting with a brief discussion of the somewhat older findings of India’s first national communication (NATCOM) and
the institutions that produced it. Additional sources of information include journal articles published by primarily
Indian scientists at the Indian Institute of Tropical Meteorology (IITM — Pune) and the India Meteorological

Department.

India’s First National Communication on Climate Change

As part of India’s National Communication to UNFCCC, the first NATCOM made relatively macro-level projections of
potential changes in climate for India.These projections suggested that there would be little change in overall monsoon
rainfall, but that the frequency of heavy rainfall events over major parts of the country would increase. In addition, the
projections suggested a potential overall decline in rainfall across significant regions that could be accompanied by
reductions in dry season flows for major rivers. Where temperatures were concerned, analyses undertaken for the first
NATCOM suggested increases in average temperatures ranging from 2.3° Cto 4.8° C with a doubling in C02
concentrations. Some estimates also predict a change in the mean maximum and minimum surface air temperatures of
0.7° Cand 1.0° Cover land by the 2040s, compared to the 1980s (IPCC2007). In addition to changes in temperature
and precipitation, the NATCOM found that, over the short-term, the melting of Himalayan glaciers would increase
overall flows and the incidence of flash floods. Over the longer-term, however, the discharge from Himalayan river
systems would drop as snow and glacier covered areas decrease, potentially turning perennial rivers into seasonal
ones.Where coastal areas were concerned, it was projected that sea level could rise by 0.5 meters. In addition to
projecting large-scale changes such as the above, the NATCOM developed a series of national level impact assessment
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studies on the following key thematic areas: water resources; agriculture; forests and other natural ecosystems; coastal
zones; human health; energy and infrastructure.The NATCOM report and its findings have been widely disseminated
through publication and series of workshops.The second NATCOM, which is now being prepared, has plans to downscale
climate change projections to local areas. These projections are, however, not publicly available.

Climate change projections aside, systems for collecting and generating climate and weather information in India are
fairly extensive. Four agencies have primary responsibility for generating such information: the Central Water
Commission (CWC); the India Meteorological Department (IMD), the National Centre for Medium Range Weather
Forecast (NCMRWF); and the Indian Institute of Tropical Meteorology (IITM). The CWC monitors river flows and issues
water level and inflow forecasts for operation of some major reservoirs, principally in flood prone states. It focuses
heavily on flood forecasting and warning. Information from these forecasts is then transmitted to relevant state-level
authorities and other agencies connected with flood protection and management using telephones, special messengers,
telegrams, and wireless. How it is transmitted in any given circumstance depends on the flood situation and existing
communication facilities. IMD is the premier weather forecasting institution in the country. It monitors weather
conditions and provides current information targeted to weather sensitive sectors, such as agriculture and irrigation, and
to the general public. In addition, it provides a number of services tailored to the needs of the agriculture sector in
general and farmers in particular. This includes 48-hour weather forecasts through the Farmers Weather Bulletins and
the Agrometeorological Advisory Service in consultation with agriculture experts working in state agriculture
departments. It also produces longer-term crop weather calendars. More generally, the IMD has a major role in
projecting and providing early warning regarding severe weather phenomena such as tropical cyclones, heavy rains,
cold and heat waves. Finally the IMD conducts research in meteorology and related disciplines. In comparison to the
IMD, the NCMRWF has a more limited and targeted focus. It provides medium range weather forecasts using
deterministic methods and also supports the Agro Advisory Service for farmers. Finally, the IITM functions as a national
centre for basic and applied research in monsoon meteorology of the tropics in general with special reference to
monsoon meteorology of India and the surrounding regions, as well as studying the impacts of climate change and
landuse change on the Indian monsoon system.

While the above institutions generate substantial weather and climate related information, major issues exist regarding
the effective communication and use of such information for reducing disaster risk and adaptation to climate change. In
many situations, the information is transmitted in formats that are difficult for users to understand. Furthermore, as with
climate information in general, there is mismatch between the scale of data production and the scale needed for making
effective decisions. While substantial research is being undertaken by organizations operating at a national level in India
on climate change and this is being utilized in the preparation of India’s second national communication to the
UNFCCC, projections are not available or accessible that address changes at local or sub-regional scales. The limited
availability of such projections, combined with their inherent uncertainty, represent key factors inhibiting the integration
of such information in the activities of different sectoral ministries.The Ministry of Water Resources, for example,
continues to rely on historical hydro-meteorological information for designing flood control and mitigation structures
even though it is well known that such information can not be relied on as an indication of future conditions.

Findings of the IPCC for South Asia

According to the most recent IPCC report (IPCC 2007), annual and seasonal warming of South Asia is expected to be
above the global mean projections. Warming trends have strong seasonal and geographical differences. Geographically,
warming is projected to be less in Southern India (~2.5°C around Tamil Nadu) and to be up to 4°C above the historical
annual mean as one moves northward over theTibetan Plateau (see Figure 11.9 below, from IPCC 2007: 883).Warming
is much more pronounced in the winter (December - February) and summer (March - May) months than during the
monsoon season. This could have significant repercussions for winter crops, especially as drying is also projected during
winter and could indicate greater drought probability. Warming is less pronounced during the monsoon season (“only”
about ~2.5°C) over the wider South Asia region, but is enough to impact convective processes during the monsoon and
increase the probability of extreme intensity, short duration precipitation events.The IPCC specifically found that: “There
is very likelyto be an increase in the frequency of intense precipitation events in parts of South Asia, and in East Asia.
Extreme rainfall and winds associated with tropical cyclones are likely to increase in East Asia, Southeast Asia and South
Asia.” (IPCC 2007: 850). Generally, the GCMs surveyed by the IPCC are in stronger agreement about warming amounts
and spatial temperature trends than they are with regard to precipitation.
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In terms of precipitation projections, the IPCC projects the following for the broad region of South Asia:

Temperature Response (°c) Precipitation Response (%) Extreme Seasons (%)
Region Season Min 25 50 75 Max Tyrs Min 25 50 75 Max Tyrs Warm Wet Dry
SAS DIF (27 | 32| 36|39 | 48| 10 | -35 | 9 -5 1 15 99
MAM | 2.1 30 | 35|38 | 53| 10 | -30 | -2 9 18 | 26 100 | 14

5N,64E | JA |12 | 22 | 27 | 32 | 44 | 15 -3 4 11 16 | 23 | 45 | % | 32 1
to SON (20 | 25| 31| 35 | 44| 10 | -12 | 8 15 | 20 | 26 | 50 | 100 | 29
50N, 100E |Annual| 20 | 27 | 33 | 36 | 47 | 10 | -15 | 4 11 15 | 20 | 40 | 100 | 39 | 3

Excerpt of Table 11.1 for South Asia projections from Chapter 11 of IPCC (2007) Working Group 1.

w

As shown in Figure 11.9 andTable 11.1, there is quite a range of precipitation projections for the region and large
spread in model agreement.The IPCC surveyed the projections of 21 different GCMs and agreement between models on
precipitation projections, both in timing and amount, is not as strong as in other regions of the world. Even in other
regions, however, precipitation remains one of the most difficult variables to project as its formation depends on
complex physical interactions that are not completely understood or captured by models. As the IPCC report states:
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“Most of the MMD-A1B models project a decrease in precipitation in DJF (the dry season), and
an increase during the rest of the year.The median change is 11% by the end of the 21st century,
and seasonally is —5% in DJF and 11% in JJA, with a large inter-model spread (Table 11.1).The
probabilistic method of Tebaldi et al. (2004a) similarly shows a large spread, although only 3 of
the 21 models project a decrease in annual precipitation.” (IPCC 2007: 884)

Broadly, precipitation is expected to increase during the monsoon months of June-August and in the post-monsoon
season of September-November. Precipitation is projected to decrease during December-February and slightly
increase in March-May. Additionally, precipitation variability and extreme precipitation events are projected to
increase. However, the topography of the Indian sub-continent is quite diverse and greatly influences the convective
processes embedded within the monsoon.This diversity in rainfall timing and amount is not adequately captured by
the low-resolution GCMs synthesized in the IPCC reports.Thus, as seen in a separate study we conducted for the
Rohini Basin (Opitz-Stapleton et al., in press), and other Indian climate change studies (Mani et al. 2009; Kripalani
et al. 2007; Kumar et al. 2006), regional projections for climate change vary more than the broad IPCC projections.

The Contrast with Local Perceptions

Findings of the IPCC and assessments such as those underlying India’s national communication to the UNFCCC are,
as the sections above demonstrate, quite general.There is strong agreement that temperatures will increase.
Projections regarding changes in precipitation, while suggesting increases for the region as a whole, show far less
agreement. Although non-specific in nature, there also appears to be a general consensus that variability and the
potential for extreme storm events are also likely to increase.

In some ways, the above findings contrast significantly with the perceptions of local organizations and the
communities they work with. In other ways, however, they are consistent. Communities often express a sense of
change in the predictability and variability of the weather and seasonality that, while impressionistic, are consistent
with the general finding from the IPCC and India’s own analyses. Where contrasting perceptions are concerned, as
illustrated in the accompanying box written by partners working in the Gujarat case site, the divergence isn’t just
about the information itself or the perceptions of actual changes in climate but also relates to issues of control over
information and the uses to which it is put.

At present, most research on climate change is targeted either toward improving basic scientific understanding or
influencing policy environments, such as the ongoing global negotiations over the successor to the Kyoto protocol.
As a result, the context in which analysis of the impacts of climate change is occurring is, to a large extent, directed
upward toward often heavily politicized policy environments rather than downward toward the communities of
actors at local levels who might be able to use such information in more applied contexts. This orientation may in its
own right be as important a factor contributing to the gap between local impressions of climate change and the
perspectives emerging from higher-level scientific analysis.

What types of perspectives on climate change did the project encounter in interviews with local communities across
our pilot areas? Common elements were often contradictory and included:

1. Ageneral perception that, in often subtle ways, rainfall, temperature and wind patterns are changing in
ways that affect primary agricultural or fishing livelihoods and the behavior of birds, fish and other
wildlife;

2. In coastal areas, an impression that saline water is intruding inland and that coastal livelihoods,
particularly those based on agriculture, are being affected;

3. That climate change is a remote event that is primarily important at a global level and of less relevance
than access to reliable services for drinking water, sanitation, health and education or the resolution of
unrelated regional problems such as conflict;

4.  That climate and weather are the same thing — discussions on climate change often transited almost
immediately into debates over weather forecasts and the need for early warning systems; and

5. That local sources of knowledge are far more reliable than official weather forecasts or projections for
both weather and longer-term changes in climate.



Perception of the Villagers about Climate Change and Variability

In coastal Gujarat, fishing communities have been living on the seashore throughout historical memory. As a result, they
have evolved their own perceptions regarding climatic variability and change.The coastal communities have their own
language concerning climate change and the impact it is perceived as having on their livelihoods. According to detailed
interviews with local fishermen, the sea is behaving in an erratic manner that has changed substantially from their
historical experience. Wind velocity has increased and there is an increase in heat waves. Mohanbhai babulbhai Baraiya,
a fisherman from Katpar village (located on the coast of qulf of Khambat in Gujarat), succinctly pointed out that, “due
to irregular wind and monsoon patterns, a feature of the last 2-3 years, we are facing problems. Now fishermen cannot
now go to deep seas regularly for fishing” (Interview by the team). Mohanbhai, also stated that “climate changes are
occurring and as result, for the last two years there is increase in heat waves.The occurrence of rain has also been
affected.” In a similar way, Jayantibhai, of Bandar area of Katpar, village, categorically states, that, “the impact of
climate change can clearly be seen. Earlier the wind use to flow in one direction but now the direction of the wind is not
constant, its changing all the time, as a result the fish availability has decreased” (Personal interview with the fisherman,
May 3, 2007: visit to Katpar village). He also pointed out that for the last five years the summer temperature has
increased.This has impact on their livelihood pattern.The fish catch is less and so they have to work as labourers in
nearby villages. As a result, Jayantibhai would like to diversify his income away from fishing by doing other jobs. In
similar vein, Kuverben Chavada points out, that “for the past two years, there is an increase in heat waves, and more
water during floods. And winters are less cool as compared to earlier times.”

Perspectives such as those of the local villagers quoted above could be dismissed as impressionistic and uninformed. To
do so would be a grave mistake. First, individuals such as fishermen are intimately acquainted with local conditions in
ways that global science never can match. The details they observe and the impressions they generate may capture
signals of change far before the long-term monitoring systems required for scientific inquiry are able to collect sufficient
data to detect the signals of changing climate. Second, even if local perceptions are based on impressions rather than
documented change, these impressions inform behavior in far more profound ways than global information currently
can. The desire to diversify his livelihood away from fishing that was expressed by Jayantibhai and obtain other work is
a major dynamic across the Indian and, in some ways, global economy. As people respond to that desire, whatever its
ultimate cause, their vulnerability to climate change shifts in profound ways. From dependency on the subtleties of
weather and water as the basis for a fishing based livelihood, Jyantibhai could join the millions of laborers working in
sweat shops where their primary climate vulnerability might shift to global food prices or the ability to afford air-
conditioning.

As the behavior of communitites at local levels illustrated above indicates, understanding the sensitivity and vulnerability
of the environment and society to climate change is as critical as understanding climate itself. Expertise that links local
understanding of disasters, health systems, water resources, agriculture, energy and fisheries is essential if climate
information is to be translated into meaningful parameters for decision makers, policy makers and the general public.
Global ‘knowledge’ about climate change and the implications that has for disasters and the vulnerability of local
communities has, however, rarely been transmitted beyond scientific and policy groups in research organizations and
central government ministries. Adaptation to climate change and variability requires dissemination of information in
ways that reach local levels. The governance of information on climate change in South Asia is, however, deeply
embedded in a state-centric geopolitical context that often inhibits information flow. High levels of uncertainty
concerning the specific impacts of climate change, coupled with the potentially large implications such impacts may
have for society, pose major challenges for politicians and policy makers. Such actors must balance the potential
consequences of inaction with the, often far more immediate, political consequences of acting on information in ways
that are likely to prove unpopular. In addition, there is the often justified fear that dissemination of incorrect information
could undermine the legitimacy of information providers or catalyze inappropriate responses. This concern has always
been present with weather forecasting and is a major factor behind the centralization of forecasting authority in many
countries. Finally, the global context has major implications for information flow. With negotiations over emissions
reductions, the role of energy use in economic development and the impacts of climate change on developing countries
occupying center stage in global political relations, information on climate change has direct implications for national
strategic interests. As a consequence of these multiple influences, detailed information concerning climate change and its
likely consequences tends to be confined to scientific and policy making circles.
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Limitations on the flow of information exacerbate gaps in perception between actors directly involved in global debates
over climate change and local communities. Local communities do have strong impressions regarding climatic
conditions and patterns of change.Their understanding, however, is not communicated in ways that conform to or utilize
the terminology or conceptual frameworks that shape global debates or scientific dialogue. Furthermore, their
perceptions are not supported by formalized data collection or monitoring systems. As a result, it is impossible to either
substantiate or disprove such impressions.These impressions, however, shape behavior at local levels. As a result it is
important to understand climate change and variability from the lens of local communities.

The above common impressions in village communities contrast with emerging global knowledge. Rather than the
broad baseline changes in climate projected by global simulations, they point toward specific changes in local
conditions. This is probably a “natural” consequence emerging as people try to relate to broad messages of change
emerging from global work on climate change to the local context in which they live. The broad message of change has
no meaning for them unless it is related to the much more tangible factors (wind directions, storms, water availability,
etc...) with which they live. Many of the observations at local levels may or may not actually have anything to do with
larger scale changes in climate systems. Saline intrusion in coastal areas, for example, may be related to upstream
water diversions or groundwater extraction rather than climate change. Similarly, given the inherent limitations of
people’s memory and the absence of basic conceptual distinctions between weather and climate in local languages,
observed changes in wind, precipitation and temperature patterns could simply reflect cyclic natural sources of
variability in weather and local climate systems rather than larger anthropogenically induced changes.

Despite the contrast between local experiences and global research on climate change, both echo a common theme —
change is occurring but its nature and direction, particularly at local levels, have many unknown elements. Uncertainty
and variability are increasing and with that, the reliability of both formal and local sources of knowledge is changing.
This information construction contrasts with common demands for information. Whether at policy or local levels, the
demand is generally for certainty. People would like to know with certainty what the weather and climate will be
tomorrow, next week and next year. Change processes, however, suggest increased uncertainty particularly with regard
to the specific conditions encountered at any given time, rather than regional or globally aggregated conditions. The
contrast between the type of information “desired” and the types it is possible to produce creates a major communication
challenge. As outlined in the following section, this challenge was addressed through development of shared learning
dialogue (SLD) methodologies with local-level users.

Communicating Climate in Local Contexts: The SLD methodology

Given the substantial uncertainty that exists regarding the impacts of climate change at local levels, individuals
interviewed under this project often questioned the utility of attempting to communicate information on climate change
into local contexts. This perspective misses a critical point. Individuals and communities may seek certainty but perhaps
the greatest skill required for adapting to climate change relates to the development of systems for responding to
patterns of change that are inherently unpredictable. Individuals, households and communities are already responding
to change and uncertainty by diversifying livelihoods, shifting away from activities (such as coastal agriculture) as those
become less viable and relying on sources of knowledge that provide at least some degree of advance information on
weather conditions. Bringing information on climate change into local communities, translating that information into
formats that can be used and understood at that level and integrating it with local knowledge, could both support
adaptation at local levels and serve as a critical ingredient informing strategies at a global level for responding to
climate change. The development of integrated local-global perspectives on climate change could, on a practical level,
help to identify points of entry for supporting existing and emergent autonomous adaptive responses.The shared
learning dialogue process outlined below and the courses of action it helped to identify for adapting to climate change
in our case areas strongly suggest this is the case.

The SLD process

What are “shared learning dialogues”? They are, in essence, iterative small group discussions with local actors in
communities, government agencies, NGOs and sector specific organizations that are designed to bring together available
information on climate change with local knowledge and perceptions. Shared learning dialogues can serve as one
catalytic component underpinning a larger iterative learning process such as that shown in the accompanying diagram.



In our case areas, an initial series of SLDs was used to integrate global climate information and local experience in a
way that could be used to identify strategies for adapting to climate change and ultimately to plan and begin
implementation. It was, however, recognized as unrealistic to expect that comprehensive solutions for adapting to
climate change would emerge from the initial research and strategy identification process. Many strategies, particularly
the most innovative, are likely to be experimental. Furthermore, scientific information on climate change is evolving
rapidly. This will also be the case with respect to experience on the viability and relative success of different
implementation approaches. As a result, SLDs need to support iterative processes of planning, acting, monitoring and
reflecting that form the essential foundations for any longer learning process. At the time of writing, SLDs have been
used to in all case areas to support strategy identification and the development of an initial set of pilot implementation
activities (discussed further below). The longer-term learning process is, however, still in its initial stages.

Core elements in the SLD process used in our case areas focused on:
1. Openness: Actors in the external organization approached the SLD process with an open mind and the
willingness to absorb and learn from as well as communicate information to local counterparts.

2. Preparation: the external organization hosting the SLD came prepared with as much information as possible
on the implications of climate change for the area concerned. This information was presented in ways,
whether through local language material, pictures, maps, diagrams, models or (as outlined in the
accompanying box), radio dramas that could be understood by the local populations.

3. Careful selection of participants: One of the most important and, in some ways, most complex issues in
catalyzing an effective SLD process has to do with the selection of actors. In order to achieve effective
interaction and catalyze a learning process, the size of meetings needs to be kept sufficiently small for dialogue
to occur. Ideally, meetings should involve no fewer than 4-5 people and no more than 20. Given the limited
size, multiple SLDs may need to be held to capture diversity within communities and across geographic and
social scales or silos. To achieve this, the external organization carefully evaluated which sets of communities
were important to involve and then structured meetings to ensure that occurred. While our SLDs focused
heavily on local village communities supplemented, in a few cases by other key regional experts, in other
cases, stakeholders from the following types of communities would be important to involve in SLDs:

a. Neutral or balanced groups of informed actors: Academics, scientists, key civil society organizations,
community leaders. Such groups are often important to convene at the very early stages of an SLD
process in order to scope out potential areas of vulnerability or adaptation for more detailed evaluation.

b.  Local groups in villages or urban community areas that share common elements of vulnerability to
climate change: The poor residing in vulnerable locations, women, etc...;

¢.  Key government actors within regions or municipal corporations;

d.  Civil society groups working on development, disaster risk or in other areas where climate change
impacts appear particularly critical

e.  Sector specific actors: It is often most effective to have dialogue around an identified problem area (such
as urban water supply) with key actors from that sector.

4. Structuring:The SLDs were designed in ways that ensured local counterparts have the opportunity to voice
their knowledge and perceptions in ways that communicate local knowledge to the external organization.
PRA techniques, such as the construction of sketch maps depicting local conditions (flood zones, community
characteristics, etc...), were used to enable communication by communities. More sophisticated techniques,
such as the preparation of hazard maps or water models, could play a similar role when the community is
comfortable with such techniques or has those capacities.

5. Ilteration: SLDs are most effective when they involve multiple rounds of interaction. In many cases, the
implications of both local and global knowledge only become evident over time when groups have had time
to absorb and think through the information presented. The iterative nature of the small group meetings is, in
many ways, the most important characteristic required for shared learning to occur. In all case areas,
iteration — that is holding of sequential meetings to allow groups to absorb information and consider its
implications before moving toward planning and action — formed a core part of the strategy.
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As discussed in the sections below, the above process, although often difficult, enabled local counterpart organizations
and the communities they were working with to identify an initial set of specific courses of action for responding to
climate change.

Strategies Identified & Strategies Rejected

Iterative SLDs conducted in all of the case areas led to the identification of strategies for increasing the resilience of
communities in ways that respond both to the likely impacts of climate change and the immediate concerns of local
populations. As previously noted, many discussions on climate change transited very rapidly to a focus on current
weather events. As a result, improvements in early warning and weather prediction were among the most common
strategies identified by communities across all areas. Beyond this, however, the types of strategies identified by both
communities and local partner organizations evolved substantially over the course of several iterative meetings.

Initially, most communities and the organizations working with them focused on the value of relatively large-scale
protective works to protect against flooding and storm events. These types of interventions have been implemented by
the government throughout recent history as part of conventional approaches to the management of floods, storms and
other extreme weather events. As a result, local communities are familiar with structural interventions and other large-
scale works and expect such strategies to form a cornerstone of any attempt to respond to increased climatic variability.
Examples of the specific strategies that emerged during initial dialogues are listed below:

1. Coastal Tamil Nadu: Construction of sluice gates or tidal regulators across rivers to prevent the intrusion of
saline ocean water, improvements in weather information and early warning regarding cyclones;

2. Coastal Gujarat: Construction of embankments to protect low-lying areas from flooding during storms,
early warning systems to provide advance notice of flash floods along coastal streams;

3. Eastern Uttar Pradesh: Repair of existing embankments and construction of new ones to protect against
flood, development of surface and groundwater irrigation systems coupled with insurance for drought
protection, provision of seasonal weather forecasts for agriculture;

4. Nepal Tarai: Improvement in flood relief and rehabilitation (many SLDs were constructed immediately
following a major flood event), improvement in early warning systems, bank stabilization on streams.

As both communities and the local partner organizations evaluated the implications of global climate information
further, however, many of these strategies began to appear less viable. All of the major structural measures, for
example, required precise knowledge regarding the anticipated magnitude and frequency of major flood or storm
events. Ensuring embankments wouldn’t breach, thus causing more damage, was acknowledged as requiring
information on the size and frequency of future storm and flood events. Similarly, in coastal areas it was recognized
that, if sea levels and/or storm intensity increases, the installation of tidal regulators would do little to limit the intrusion
of saline water inland into agricultural areas. In fact, across most deltaic coastal areas where the gradient of the land
does not increase rapidly away from the shore, it was recognized that strategies for “living with” increasing salinity
would be essential. As a result, the focus on strategies for responding to floods, sea level rise and storms through the
construction of large-scale physical barriers gradually declined as understanding increased.

Another area where the focus shifted as knowledge on the implications of climate change increased was with respect to
the role of insurance. Insurance was initially seen by the national partner organizations participating in the study as a
potentially major strategy for spreading drought related risks. As the implications of climate change were analyzed,
however, it became clear that knowledge regarding future event probabilities is, in most cases, too weak to actually
project potential losses and thus to estimate premium requirements. Furthermore, insurance is only effective if loss-
causing events are relatively infrequent. If they become regular events that affect large areas, it is impossible to spread
risk and the benefits of insurance decline in relation to the costs (The Risk to Resilience StudyTeam 2009). As a result,
higher-level organizations involved in the SLDs had to reevaluate the potential role of insurance in assisting
communities to adapt to drought. Insurance remained as a potential strategy, particularly when used in conjunction
with irrigation, but its relevance as a stand-alone measure for supporting adaptation declined.



Early warning and the improvement of weather information systems remained as a central strategy as SLDs progressed. As
communities and the local organizations working with them increasingly appreciated the limits of climate forecasting
abilities, it became clear that long-term projections for local areas might have little meaning. In contrast, the ability to
predict weather events, whether using local knowledge or through improvement in formal forecasting systems, seemed likely
to, at minimum, remain similar to existing capacities. Furthermore, as data collection, modeling and communication systems
improve, so could the ability to accurately forecast weather even if longer-term climatic conditions continue to change. Since
storms and flood events are projected to increase in frequency and intensity, improved weather forecasting and early warning
systems could greatly assist local populations in responding to climate change.

In addition to altering perceptions regarding potential strategies that were identified during initial SLDs, alternative
strategies began to emerge. In specific, potential strategies for diversifying livelihoods away from climate vulnerable
activities, developing new livelihood activities consistent with anticipated changes and protecting assets, health and lives
in ways that should enable communities to “live with” emerging climate conditions became central in the dialogues.
Specific strategies that emerged at this phase included:

1. The development of brackish water agricultural and aquacultural systems in coastal areas. Coastal communities
in Gujarat, which have always depended on a combination of farming and deep-sea fishing, decided to explore
systems for lobster “fattening” (essentially using brackish water pools to bring lobsters up to commercial size). This
was seen as a first step toward developing more integrated aquacultural systems. Similarly inTamil Nadu, local
communities decided to explore possibilities for large-scale farming of emus — birds that are well adapted to
saline areas and where the meat and eggs have very high value. They also began to explore options for
rehabilitating existing brackish water fisheries. In both locations, such activities were seen as a starting point to
move away from agricultural systems in coastal areas that depend on large amounts of fresh water.

2. The development of household and community based structures for protecting lives and assets: In the Uttar
Pradesh and the Nepal case study areas, for example, communities began to emphasize the construction of
points of refuge from floods where assets could be protected and people could access reliable water supplies
and sanitation, rather than reliance on embankments. Specific strategies identified included:

a. Raising the plinth level of houses

b.  Constructing brick houses and other structures such as schools with flat roofs where assets could be stored
and people could take refuge during times of flood

¢.  Constructing elevated grain banks (loss of grain is a major economic consequence of flooding);

d.  Constructing wells and sanitation facilities that can be accessed from the roof of houses and other large
buildings;

e.  Reducing the impact of floods through planting of forest buffers along vulnerable stream areas; and

3. The development of early warning systems to be used for transmitting both formal weather forecasts and
information on river flows and precipitation in upstream areas. Specific pilots emerged for using cell phones,
village information centres and other institutional/technological combinations as mechanisms for improving
the functioning and institutional robustness of early warning systems.

Details on the above strategies are available in other major publications produced by the project including Working with
the Winds of Change (Moench, M. and A. Dixit (Eds.) 2007), and Catalyzing Climate and Disaster Resilience (The Risk to
Resilience StudyTeam 2009). Brief summary reports from each case site have also been produced and are available on
line at www.i-s-e-t.org and, at www.climate-transitions.org.

Conclusions

Results of attempts to identify and utilize existing climate information “products”in local areas as a basis for the
development of strategies for adapting to climate change highlight the importance of processes for translating and
interpreting knowledge from a combination of local, as well as global sources, in order for local populations to identify
potential courses of action.

Information products that identify the implications of climate change for local areas are extremely limited. This reflects
the limited number of attempts that have been undertaken to downscale results from GCM scenarios and the fact that most
research is targeted toward scientific and high-level policy audiences. On a more basic level, however, it reflects the
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nature of emerging scientific information on climate change. This information is inherently regional and, in many
cases, points more toward increasing variability and uncertainty in local conditions than toward the emergence of
specific conditions in specific areas.

While such information does have great relevance for courses of action at local levels, that relevance depends heavily
on the specific characteristics of local areas. In addition, understanding the relevance of that information often
requires changes in the mental orientation of users. People seek certainty. Where climate change is concerned, they
want to know what will happen, where and when. In many, if not most cases, climate change implies that variability
will increase. As a result, rather than planning for specific changes, local areas need to shift toward the development of
response strategies that are robust under highly variable and uncertain conditions. Possibly more than improved
climate information products per se, achieving this change in mental orientation requires processes that assist both
local and higher-level actors to interpret the implications of climate change in relation to local conditions.

The shared learning dialogue process piloted in case areas across India and Nepal successfully enabled ISET and our
partner organizations to work with local communities in identifying a broad range of strategies that should contribute
to the resilience of communities as climate changes. lterative meetings that enable the interpretation and integration of
global scientific and local information represent the core feature of this process. Additional information products that
illustrate avenues for planning under high levels of climate uncertainty in diverse local contexts would support this type
of process but are probably in themselves less important than the process itself.
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Shared Learning and Adaptation
to Climate Change

Climate change will impose upon society stresses that are both similar to and very different from those it has faced
throughout history. Climate related disasters and similar events are part of the common “hazardscape” humans have
always faced.Yet, changes in climate are likely to cause events and processes to converge in ways that are
unprecedented at a global scale and beyond the scope of existing experience. Not only are climate related disasters
likely to become more frequent, but, as events converge with fundamental shifts in base climatic conditions, recovery to
pre-disaster conditions will in many locations, no longer be feasible or desirable.This convergence is likely to severely
strain the systems society has developed as a foundation to reduce, respond to, and recover from disasters. Recovery
from disaster will become a much more difficult process of transitioning to new livelihoods and socio-economic
systems. Reducing the risk of disaster requires not just building the resilience of existing livelihoods to extreme climate
events, but also the ability to identify when livelihoods are no longer tenable. In order to successfully reduce risks, a shift
in strategies as the only technically, economically and/or socially effective mechanism for reducing vulnerability is
warranted because “average” climate conditions have become inherently more variable and uncertain.

Proactive approaches to risk reduction and will enable communities to make wise adaptation choices based on concise
and accessible information. Useable climate information depends upon iterative and shared learning between globally/
regionally-focused climate scientists, governments, and local communities who have unique insights into local climate
conditions frequently not considered by scientists or policy-makers.The complexities highlighted in this series of
brochures point toward the importance of not just additional climate information products, but of processes for
communicating emerging climate information into local contexts and integrating global and local knowledge sources.
Each of the studies utilizes a series of shared-learning dialogues (SLDs) designed to bring global information on
climate change together with local information and perspectives on hazards and climate-related conditions. SLDs are
iterative, small group discussions with local actors in communities, government agencies, NGOs and sector specific
organizations that are designed to bring together available information on climate change with local knowledge and
perceptions.

The case studies presented here were designed to explore both the way climate information products could be used in
developing location specific studies and the gaps in understanding that exist between local and global knowledge
sources and the how that knowledge is used. Perhaps the single most important lesson to be drawn from these studies is
the difficulty inherent in communicating different types of knowledge across major cultural, educational and language
boundaries. For example, in Hindi, the regional language across much of northern India, there is only a single word
mausum that applies to both weather and climate.The distinction between short-term weather variations and the
longer-term underlying properties of climate simply isn’t a part of the cognitive space enabled by the language. As a
result, in initial SLDs, communities tended to focus on short-term actions and large-scale protective works to protect
against flooding and storm events.Through subsequent rounds of SLDs, understanding began to emerge about the
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longer-term, uncertain nature of climate change projections and the high degree of climate variability that make
certain actions, such as large-scale protective works untenable. Communities then began to propose different adaptive
strategies to respond to the challenges of climate change.The evolution of communication and understanding in each
situation are documented in each case study.

The studies highlight the iterative nature of the SLD process and how it was adapted to each situation. Some of the
cases presented are still in progress and fully illustrate the necessity of repeated engagement through the SLDs and the
multiple layers of understanding present between different stakeholders. Other case studies have largely been completed
and highlight the actions being taken by communities as a result of the communication of climate information through
the SLD process and the projects. Full information about each of the completed case studies is available in the
following publications:

e Moench, M. and A. Dixit [Eds.] (2007), Working with the Winds of Change: Toward Strategies for Responding
to the Risks Associated with Climate Change and other Hazards, ProVention Consortium, ISET-International
and ISET-Nepal, Format Printing Press: Kathmandu.

e Moench, M. et al. [Eds.) (2009), Catalyzing Climate and Disaster Resilience: Processes for Identifying
Tangible and Economically Robust Strategies, ISET-International and ISET-Nepal, Format Printing Press:
Kathmandu.

e Additional information is available on the following websites: www.i-s-e-t.org and www.climate-
transitions.org

Further information about currently ongoing studies, particularly with regard to the Asian Cities Climate Change
Resilience Network (ACCCRN) is available by contacting the authors/institutions listed in each brochure and will,
eventually be written up in more detailed formats as the studies progress. General information about the ACCCRN
project can be found at the following website:

e http://www.rockfound.org/initiatives/climate/acccrn.shtml



Shared Learning Dialogues:
Coastal Tamil Nadu

S. Janakarajan Madras
Institute of Development Studies
Chennai 600 020

InTamil Nadu, SLDs were carried out at various levels in an iterative manner as part of the project headed by the
Madras Institute for Development Studies (MIDS) after a detailed vulnerability analysis, which is discussed in a separate
brochure. First, a series of SLDs at the village level (in the villages of Pichavaram, TS Pettai,Vanagiri, Pushpavanam
and the Sonankuppam area of OldTown Cuddalore) were held with various socio-economic groups and the number of
participants in each SLD was kept below 20 to ensure better participation. Each SLD yielded specific insights into each
group’s views on climate hazards and their perceived vulnerabilities and needs. Local knowledge of weather and
modes of communicating weather information and early warning were discussed.The SLDs were also used to
understand villagers’ behaviours during the monsoons, changes in the agricultural seasons, crop patterns and
productivity and changes in occupational characteristics. Asset ownership, community-based organisation and coping
strategies during times of disaster, and the responses by governments and NGOs were also discussed.Through the
iterative SLDs at the village levels, the differentiated natures of vulnerability were uncovered and villagers began to
develop strategies for risk reduction.
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The insights and questions that emerged at the village level SLDs were communicated and reflected upon at “higher
level” SLDs at the district level and state level. Participants at the district level SLDs included the district disaster
management officer, officials from the fire department, forest department, insurance officers, local television and mobile
telephone operators, and members of self-help groups (SHGs).The state level officers, including the Relief
Commissioner, Revenue Secretary, officials from the meteorology department, NGOs, officers from banks and insurance
companies, participated in the state-level SLDs to learn from and contribute to the experiences and knowledge gained
from lower level SLDs. A separate SLD with specialized officials in Indian Meteorological Department, National Institute
of OceanTechnology, [IT-M, and ICMAM was held to share information collected from other SLDs and elicit feedback.
Insights and questions from the higher level SLDs were then fed back to a final round of village level SLDs. Discussions
at all SLDs at all levels were conducted, recorded and transcribed inTamil and translated into English for information
sharing. Figure 1 displays the SLD process as it was enacted inTamil Nadu.

These SLDs were supported by an extensive effort to identify specific projections regarding the likely impact of climate
change on the region. As in other areas, this review identified very few specific information products aside from those
generated at a high level in India’s first national communication to the UNFCCC and in the scientific literature. The
main conclusions arising from the review, as a result, focused on the likelihood of sea level rise, saline intrusion and
increases in the frequency and intensity of coastal storms. All of these are of particular concern because the Tamil Nadu
field site is in a low-lying deltaic environment where channels of the Cauvery River enter the ocean. Furthermore, an
extensive and complex irrigation network crisscrosses the area, exacerbating flooding, waterlogging and salinisation.

Despite the limited, location-specific information available on the potential impacts of climate change, the SLDs
generated substantial discussion and resulted in changes in strategy at the local level. This is particularly true with
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local level efforts to control saline intrusion in the Cauvery delta using tailend regulators (TERs).To avoid inundation
by brackish and saline water, save freshwater for irrigation, and avoid inundation of land as sea level rises, the
agricultural population in the region was demanding construction of a series of tailend regulators close to the sea.
These regulators would, however, have implications for fishing since they would effectively eliminate much of the
brackish water zone that is a cornerstone of the regional ecosystem. As a result, conflicts exist between fishing and
agricultural populations. Furthermore, when the impacts of climate change are considered, major technical concerns
exist regarding the ability of tailend regulators to function if sea levels rise and/or storm intensity increases.

Continued interaction with village communities through the SLDs highlighted the potential disadvantages of tailend
regulators as a solution to sea-level rise and saline intrusion. As a result, dialogue began to focus on the identification
of non-structural measures to strengthen adaptive capacity and the resilience of livelihoods in areas likely to be
affected by increases in salinity. In Pichavaram andTS Pettai villages, which are currently among the most affected by
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salinity, a range of ideas emerged that focused on the development of brackish water farming and aquiculture systems.
Some ideas, such as expansion of shrimp farming, were identified but rejected (at least for the moment) because of
existing environmental concerns. Innovative strategies, such as emu farming were, however, identified and are currently
being tested. Emus have potentially major advantages in this region because they are well suited to farming as poultry
in salt affected areas, are tolerant of highly variable weather conditions and produce high-value meat and eggs. As a
result, introduction of emus could help to diversify farm income away from agriculture and into equally viable but
more climate resilient avenues.

In addition to livelihood diversification, other response strategies that emerged during the SLD process included the
following:

Improvement of weather information systems: Currently official systems provide limited advanced warning of major
weather systems such as tropical cyclones. About 90% of fishermen report that they rely on local knowledge (the types
of clouds, the characteristics of ocean waves, temperature, wind speed and the migration of birds) to predict the
weather. Improvements in formal weather forecasts were recognized as possible despite climate change. If forecasts
from these systems could be compared to the insights generated through local knowledge, hybrid systems might be
possible to develop that would be more robust than either traditional knowledge or formal forecasts under changing
climatic conditions.

Control of pollution in backwaters and brackish water zones: Currently much of the backwater estuarine zone in the
Cauvery delta is heavily polluted by industrial effluent. This has had a major impact on the previously highly
productive brackish water fisheries and other ecosystems in the delta. In the Cuddalore area, for example, pollution
affects a 2 km zone and has severely affected the livelihoods of small fishermen. Since brackish water areas are likely to
grow as a combined consequence of the rises in sea level and increased coastal storms associated with climate change,
improving their productivity and management is central to adaptation. As a result, a first step toward adapting to the
likely impacts of climate change in the delta may actually require effective control over pollution of this region.
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Improvement in credit facilities, particularly during disaster periods for vulnerable communities: At present vulnerable
communities (fishermen and farmers) lack access to the low cost credit for meeting subsistence and recovery needs
following disasters. As a result, they borrow funds from local money-lenders, The practice is called thandal and
typically involves small loans at rates of up to 120% per annum.The ability to recover from disasters and to shift away
from vulnerable livelihoods is likely to be of increased importance if the frequency or intensity of extreme storms grows
as a consequence of climate change. As a result of this, participants in SLDs identified improvements in credit facilities
as a critical entry point for supporting adaptation.

Improvement in basic drinking water and sanitation facilities: Increasing salinity and pollution are threatening locally
available drinking water sources. As identified in the Adaptive Capacity and Livelihood Resilience (Dixit and Moench,
2004) report on adaptation to climatic variability and change, access to basic water supply and sanitation services is,
however, essential if populations are to remain in regions as salinity increases with climate change. As a result,
improvements in such services represent an avenue for building climate resilience.

Overall, the SLD process inTamil Nadu resulted in the identification of numerous points of entry where practical
activities could be undertaken that, despite the limited available information on the location-specific impacts of climate
change, clearly support adaptation. Numerous interventions and disaster risk reduction strategies were discussed during
the SLDs and a few were selected for pilot implementation during the course of the project. More information on the
emu farming intervention and other piloted interventions are available in the Adaptation in Practice brochures on
Tamil Nadu, by contacting S. Janakarajan or in the report Working with the Winds of Change: Toward Strategies for
Responding to the Risks Associated with Climate Change and other Hazards.



Shared Learning Processes for
Building a Climate-resilient
Indore city, India

By ISET and TARU

Background

It is common knowledge that a large proportion of the Asian population will start living in urban centres by 2050.
Increasing urbanisation and economic growth across the region brings an increased risk to climate change along with
it. This enhanced risk is due to large urban populations, their enterprises, and that much of urban buildings and lifeline
infrastructure are highly vulnerable to climate. In the context of urban areas, it would be safe to claim that climate
change shares the stage with several other competing problems, and is interrelated or inter-linked with many of them.
Poverty and growth of urban slums are part of the many such problems that modern cities face that will be
exacerbated (or face increasing complexity) by climate change impacts.

The urban landscape, in contrast to the rural one, is quite diversified. There are complex inter-linkages and inter-
dependencies that need to be explored, assessed and understood. In order to understand the impacts of climate change
(on) and (the resulting) vulnerabilities of various facets/sections/groups of an urban area; there is a need to assess
these inter-linkages from social, economic, environmental and institutional lenses.

Shared Learning Dialogues (SLD), developed by ISET, are one of the participatory techniques that have been
extensively used in the Asian Cities Climate Change Resilience Network (ACCCRN) project for developing an
understanding of vulnerability in urban areas.These dialogues also bring understanding to the inter-linkages/
dependence between various sectors and groups in the project cities. As the name implies, the core objective of the SLD
process is shared learning — that is, to catalyze a process that enables different groups of actors to bring together
knowledge from different sources and jointly develop new insights from that knowledge. In the project cities’ context,
this translates into understanding the spatial, temporal, socio-economic and thematic (water, energy, etc.) vulnerability
factors and to identify adaptation options.The SLD process is (and will be) further augmented and enriched by
vulnerability studies (questionnaire-based surveys of different sectors/groups), focused group discussions with various
interest groups, GIS enabled spatial vulnerability analysis (for details refer to the brief GIS Enabled Urban Risk and
vulnerability Analysis: Indore and Surat for the ACCCRN Project) and specialised sectoral studies.The core of the SLD,
however, remains a consultation process that is key to getting a quick grasp of issues and helps build views on
vulnerability issues and adaptation options.

The City context

Indore is the most populated city in the central Indian state of Madhya Pradesh located near the drainage divide
between the Chambal and Narmada Rivers at an altitude of about 550 m above mean seal level (msl). It is an
important city in the western part of India with a population of 1.83 million in 2001, which is expected to grow to
about 3.3 million by 2030.This city is essentially a trading centre, on account of its strategic location, serving as a hub
for trade and commerce to the entirety of western India. Indore is located in the Deccan volcanic region with black
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cotton soil.The city lies in the Khan River Basin on flat terrain.The annual rainfall in the region is about 800 mm.The
summer temperatures often exceed 45°C.

The city is essentially radial, with the highest density in the Central Business District (CBD), and gradually reducing
towards the periphery. Indore is a young city, with over 55% of its population comprised of youth.The slum population
is more than one third of the city population.

The city of Indore suffers both from water scarcity and water quality problems (the region was declared drought hit in
December 2008).The main source of water for the city is a pipeline from the Narmada River (about 75 km from the
city).The other sources of water are the Fateh Sagar Dam and the BilawaliTank. Even with the extraction of
groundwater, water supply in the city is limited to 216 million litres per day (MLD).The Narmada Phase 3 project, likely
to be completed by 2009, is expected to increase the water supply to the city to about 385 MLD. Whether this project

will be able to close the demand gap is subject to debate.There have been studies indicating that 70% of the tube wells
in Indore are contaminated by sewage or industrial pollutants.There are two sewage treatment plants with a total
capacity of 90 MLD, which is grossly insufficient for a city of this size.

The drainage in Indore city is also not in a good condition- 80% of the roads in the city do not have roadside
drainage.The open nullahs (drains) have been converted into closed drains, thus reducing their carrying capacity.
Indore experienced a local inundation in 2006, in which some deaths were reported.

Climate Change Impacts on Indore

Global climate models indicate a potential increase in precipitation on the order of 200 to 400 mm, increased
variability and an increase in extreme precipitation events for this region. With the city population growing at a rate of
nearly 4.6 percent per annum, any increase in rainfall will be offset by the increased demand for water.

Summer temperatures are expected to increase by about 1.5 to 2°C by 2070, which will be over the current
temperature peaks of 45°C in the pre-monsoon season.The increase in rainfall and extreme rainfall events, in
combination with inadequate drainage and high population growth, may worsen the pluvial floods.

The SLD process

The SLD process in Indore has had three rounds of consultations at different levels to date.The first round of SLDs
consisted of one-on-one discussions conducted with various city actors. Sharing was done mainly on the city problems
and issues, as well as, the project objectives and activities. Most of the persons that the team met with, shared their
concerns regarding water, sanitation and solid waste management issues in the city.The main issues brought forward
during these consultations were as follows:

a.  Water scarcity isTHE major problem in Indore and is felt by all sectors/end-users. Drinking/potable water
availability is a major challenge for the entire city.The city-wide water supply is intermittent (less than one
hour every alternate day) and acute water shortages during summers (supply reportedly less than 80 Ipcd)
are experienced.

b.  Sewage pipelines and proper evacuation of sewage is almost non-existent in the city, with a drainage system
of almost 70 years old and the majority of slums without any drainage system.

¢.  There are several slum areas in Indore ~ 600-+. Only about 40% of the slums are in slightly better condition
with some sanitation and/or water taps; the main livelihood in these slum clusters is unskilled labour

d.  The health facilities available in most of the slums are very poor and the people end up paying much more
for private health care.

e.  Road transportation and public transport systems are also in poor condition.

f. Soyabeans (solvent plants for processing), cotton (power looms) and pharmaceuticals are the three main
industries in addition to several motor parts ancillary units.

The second round of consultations/interactions were conducted with specific stakeholder groups — city NGOs,
communities (Slums and Residents Welfare Associations), industry groups, as well as institutions and urban local bodies
(Indore Municipal Corporation-IMC and Indore Development Authority-IDA). This round of consultations focused on



taking the discussions further based upon the preliminary findings from the earlier round of SLDs (city specific issues)
and learning more about the causes, context, spatial and social dimensions of these issues.The insights gained were as
follows:

a. The city is growing rapidly due to the ‘push’ and ‘pull’ migration — mostly labourers and students.The
hinterland is predominantly agricultural with no other source of livelihood and Indore is developing as an
industrial, commercial and educational hub in the region.

b.  Water scarcity is likely to continue or worsen due to increasing demand and high energy costs combined
with affordability issues. Inequitable distribution of water and leakages (and thefts) due to worn out pipes
(approx. 35-40%) contribute to this shortage.

¢.  Several slum clusters (and even middle income group localities) depend upon tankers and private borewells
and pay much more for water than other households. Water tankers are usually deployed during the months
of April, May, and June.

d. Rainfall has reduced over the past few years. Rainwater harvesting and groundwater recharge is not being
implemented seriously in the city. While the IMC is confident that there will be no water shortage, at least for
some years after completion of the Narmada Phase 3 project, the other stakeholders remain skeptical.This
skepticism is due to a variety of factors like the time lag between actual supply augmentation and an
increase in demand during that period.

e.  Groundwater is being extracted in an ad hoc manner — the water table has declined to 500 ft below the
surface and most of the tube wells become dry from January until the onset of the monsoon season (there are
about 23,000 registered tube wells in the city while approximately a similar number of tube wells are
unregistered!).There have been reports of excessive fluoride content in groundwater.

f.  The sewerage system is limited to the old part of the city and the existing drains are very old.The biggest
problem is fecal contamination of drinking water (several parts of the water distribution system are very old
and the water pipes are often laid below the drainage pipes).

g. While many households have septic tanks, open defecation is common — especially in slum areas. Solid
waste management is another major issue in the city as was evident both by personal observations and
discussions with stakeholders.

h.  The city lies in the black cotton soil area, which has low infiltration capacity. The impervious surface in the
city has been increasing steadily, mainly on account of an increase in road surfaces and hard paving.
Waterlogging is very common. Road levels are often higher than the plinth level of the buildings in many
parts of the city, causing floodwaters and sewage to enter buildings.

i.  Theincrease in rainfall and extreme rainfall events can worsen the situation. With large sections of low-
income households living along the drainage lines, the vulnerability of these settlements is likely to remain
high.The two lakes, located upstream of the city, have an increased risk of breaching and the resulting floods
due to extreme precipitation events.

j.  Water scarcity, combined with extreme temperatures can increase the stress on the city population, especially
during summer months — both in terms of access to clean drinking water and thermal discomfort.

k. Power availability has not yet been a problem area and is available on demand (connections are provided).
Energy efficiency (both in public and private sector) is not high on the agenda.The Municipal Corporation of
Indore has recently undertaken a project to convert all street lights to CFLs. Given the kind of growth the city
is witnessing, there is a need for creating awareness on issues like energy efficiency in small and medium
industries (SMEs) and green buildings.
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The third round of SLDs were conducted with a smaller group of key persons identified as the City Advisory Committee
(CAC).This round focused upon the specific steps and action items related to vulnerability studies in the city.The main
outputs from this round were the formation of sub-groups for various sectors/themes and identification of sectoral
studies to be undertaken in the cities.

The consultation process undertaken in Indore is shown in the matrix below:
From the above matrix, it is clear that the process of engagement with city stakeholders proceeded in a pre-determined

manner, wherein the previous level of engagement and the outputs were taken as inputs for the next level of
engagement. In Indore city, the consultation process was also paved with challenges.There are conflicting voices and



Level of SLD Consultation Key persons/groups Key outputs Time period

First level (1-on-1) ADB Project director, NGO heads, Major issues and problems faced | Dec 2008 —
some concerned citizens by citizens in the city Jan 2009
Second level (specific groups) | IMC,Water Supply Department, IDA,| Deeper understanding of the Feb-March 2009
Hotels, Educational Institutions, issues identified during the first
Industry Associations, PvtTankers rounds and identification of key
Association, Community persons for the inclusion as
Associations members of City Advisory
Committee
Third level (City Advisory Key persons identified for their Sub groups for specific sectors March and July 2009
Committee) interest in the project formed, sectoral studies identified

views on almost every issue and there is a lack of collective-action spirit. One of the glaring examples is that
development in Indore has been occuring for the last 17 years without an effective master plan due to litigations.The
SLD process however, through different stages, provided space to divergent views and actors.This process of gradual
advancement in engagement levels helped to build trust and confidence within the city actors.The IMC was enthused to
take on a leadership role in identifying key persons for CAC and to convene the meetings.The CAC now includes
members from IMC, IDA, NGOs, prominent citizens, Industry Association representatives, etc.

Furthermore, learning during the SLDs also provided key inputs to the process of vulnerability assessment of
households, communities and other sectors (developing questionnaires for surveys, prospective sectoral studies, etc.).
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Ways forward

Water scarcity, lack of sewerage/drains and solid waste management are the major current issues for Indore. Even
though the proposed Narmada Phase 3 project is expected to improve water availability across the city, high energy
inputs and costs of water are likely to be continuing issues in this city.

After three rounds of consultations in the city, the CAC is now almost ready to take on the role of a more informed and
enthusiastic partner of the project. Sub-groups were formed during the last SLD conducted and sectoral studies have
been identified. The city mayor has been nominated as the patron of this body and a team of three persons (from IMC,
IDA and Industry Association) has been identified to take on the lead role in moving this process forward.Thus, the
project has buy-in from the key urban local bodies and a major private body (industry) from within the city. The CAC
will be providing guidance on the sectoral studies and in their next meeting, will also decide upon the pilot project(s)
that could be implemented in the city under this project.

Later on in the project, the CAC will develop the city resilience plans, action points and proposals (with facilitation
from ISET andTARU) once the results from the surveys, sectoral studies and pilot implementation projects are obtained.



Shared Learning Dialogues and
Identified Response Strategies in
Gujarat, India

Nafisa Barot - Utthan, Sara Ahmed - IDRC and Eva Saroch - ISET

A series of Shared Learning Dialogues (SLDs) at the village, district and state level were held at different phases of the
NOAA project. At the state level, a one-day SLD on “Climate Resilient Development and Adaptation”was held at the
Ahmedabad Management Association (AMA) in June of 2007. A heterogeneous group comprising civil society,
academician and government experts participated in this SLD. In the context of communication activities, it was
agreed that radio, local TV channels, etc. must be used to alert the coastal communities in case of calamities. Secondly,
by using local NGOs’ community network organizations, such as the Indian Space Research Organization (ISRO),
climatic information can be disseminated.Thirdly, it is important to strengthen the communication dissemination
system and make use of the Right to Information Act (RTI) to get information at the community level. Lastly, there is a
need to develop linkages with audio-visual media to build awareness about the issues and early warning systems for
the fishermen.
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At the village level a series of shared learning dialogues were conducted in the villages of Katpar, Sartanpar and
Tarasara in the state of Gujarat, field sites where Utthan has been supporting pilot projects to increase resilience to
climate change.The focus of these SLDs was to capture the diverse perceptions of the communities in these villages
about climate variability and change.The process included carrying out resource mapping of the entire village,
vulnerability mapping in the context of floods and cyclones through focus group discussions, and Participatory Rural
Appraisal (PRA). Additionally, the process included performing situational analysis, as well as, in order to uncover
possible adaptation alternatives.These processes were carried out at different levels, including the government and
other agencies.

To facilitate these SLDs, Utthan conducted an extensive, but unsuccessful, search for location specific information on the
likely impacts of climate change. Given the absence of such information products, they reviewed existing scientific
literature with relevance to the region and prepared materials to support the SLDs. These materials conveyed very basic
messages concerning climate change, including: (1) the potential for changes in sea level; (2) the likelihood of
increases in climate variability; and (3) the potential for increases in extreme climate events such as floods and coastal
storms.This was done mainly through collecting data from websites, from various government departments (which was
very time consuming), through personal interaction, and by carrying out a historical timeline of various disasters such
as droughts, floods, cyclones.These hazards are related to climate variability and to change in the overall local
ecosystem.The major challenge was to decipher the differences between manmade vulnerability and natural hazards.

Climate products available at the national and state level included climate maps and rainfall data are used at various
levels for different purposes. Of such products, monsoon maps, annual rainfall maps, average temperature maps,
monographs of river basins, annual snowfall data, and marine climatological atlases were all available at the national
level. Materials such as annual, daily and average rainfall, as well as humidity and temperature are available at the
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state level and possibly smaller jurisdictional levels. Additionally, records of daily temperature, wind speed, wind
velocity and wind direction are available to NGO’s and communities from various sources like print, visual media and
web portals.There are flood zone maps, drought zone maps and cyclone zone maps of Gujarat.The Indian
Meteorological Department’s (IMD) area cyclone warning centers at Chennai, Calcutta and Mumbai and the cyclone
warning centers at Ahmedabad, Bhuvneshvar andVishakhapattinam (Vizag) issue cyclone warnings, bulletins for
fishermen and bulletins for ships at sea.There is also short range forecasting made available by IMD that provide
predictions of weather conditions two days in advance.

Climate and weather information available at the district level is collected/gathered mainly by government agencies/
departments in the Bhavnagar district.The collection of weather information is done by the Water Resources
Investigation Division, the Gujarat Maritime Board at the ports, the Fisheries Department and the Agricultural
Universities Research Station.The district disaster management cell and the district administration, along with the
Taluka and village level administration then communicate this information down to the community level. Apart from
this existing arrangement, both early warning and less urgent climate/weather reporting is done via media-print and
electronically from both within and outside of the district. Within the district, no telecom services providers provide the
climate/weather alerts through the value added services.The NGOs in the district work mainly on disaster rehabilitation
and recovery phases.They do not directly give/gather/use the climate/weather information and are not as actively
focused on disaster mitigation or risk reduction.The People’s Learning Centre-Coastal Livelihood and Disaster
Mitigation has now started providing the climate and weather information (temperature, rainfall, pressure, humidity) at
the information centers located at five locations within the Bhavnagar district. Communities can access the weather
information through the local weather station in their villages.There are two weather stations inTarasara and
Sartanpar and people can easily access those weather stations.

During the SLDs, local participants highlighted three aspects of climate where they believe changes are occurring: (1)
increases in the number of rainy days and rainfall intensity; (2) extension of the length of the winter cold season!; and
(3) higher levels of variability between seasons, e.g. this year 60% of Gujarat has received less then 50% of rainfall.
Such changes were consistent with some regional projections of climate change, excepting the lengthening of the
winter cold season, identified by Utthan but were recognized as not necessarily being a consequence of climate change
processes.Villagers did not observe any perceptible change in sea level over the past 80 years but recognized that it
could occur.

Another SLD with youth groups from selected disaster sites in the coastal areas of the Bhavnagar and Amreli districts
were organized.The discussion covered the following key points:

e To understand climatic variability and perceived changes in the region during last 30-40 years

e Toinitiate discussions and increase awareness on climatic change and its impacts on youth

¢ Toincrease the involvement of youth in addressing the climate change related impacts in the area

Outcome of Shared Learning Dialogue with Youth Groups

The following synopsis summarises feedback received during the youth-focused SLDs. According the youths (based on
knowledge passed down from previous generations), 40 years ago the coastal area was rich with trees and greenery
and high-quality freshwater was easily available. In the last 25 years, the availability of high-quality freshwater has
deteriorated due to overdraft of groundwater and increased salinity, making it more and more difficult to get water for
drinking and irrigation.There have changes in the agriculture patterns in the coastal area, as well. Food crops have
been replaced by high water intensive crops like ground nuts, onion and cotton. Mango and guava trees have been
replaced by chickoo fruit trees. New crop diseases have also emerged. In the last 7 years, slow changes in housing

! The perception of a lengthening in the cold season highlights the difficulty in communicating weather and climate information in Hindi.There is only one word mausamin
Hindi to describe both weather and climate, that is to say, there is no distinguishment between the two within the cultural concept-space. During the 2007-2008 winter cold
season, the cold spell lasted longer than to what the communities are accustomed. Actual climate records for the region, and much of India, indicate a shortening of the
cold season and fewer cold spells over the past few decades. However, due to different conceptions of weather and climate, a few recent incidents are perceived as
indicating the winter season is becoming longer.Thus, in their mental mapping, this recent incident is indicative of “climate change”, even though it such an individual
event cannot be constituted as climate change within the Western mental map.



construction patterns can be seen - those who are financially capable are constructing their houses to be more resilient
to natural hazards. People have replaced the earlier grass roofs with tiles. More recently, slabs are being used for roofs
and improved construction technology is increasing resiliency to natural climate hazards like floods and cyclones.

Additionally, the duration of the winter season has become longer, according to the youth. Normally, after Uttarayan
(14" January) it becomes less cold, but last year itself (2007-08) the winter season extended until 14" February (refer
to the footnote).The duration of the monsoons has increased in the last few years, as well as an increase in the average
rainfall, leading to alarming flood situations in this area (and other low-lying areas). Lastly, the frequency and
intensity of floods and cyclones have increased in the last 5 years. Again, the aforementioned concepts are based on the
youths’ perception and/or witnessing of changes/adaptations seen or made within the communities in past years or
based on stories from family members.

Climate Change Forums, Discussion in Coastal Area-People’s Learning Centre:

The People’s Learning Centre displays local climate and daily weather information for the district at its three
information centres within the district. Such weather/climate information is also displayed at five other information
centres located outside of the district in Bhavnagar and Amreli. Ongoing work in these areas is planned, such as the
discussion, communication and knowledge exploration about climate change at various forums (i.e. schools, adult
education programs, Gramsabhas and Sarpanch Sammelans, etc.). Utthan also plans on discussing the impacts of
climate change at higher secondary schools for opinion formation of the younger generation. Better ways of
disseminating climate information to communities are being explored. Effective forums like Gramsabhas and Mahila/
Sarpanch Sammelans could be used to spread awareness about climate variability, change and building resiliency.
Information Education Communication (IEC) materials depicting local climatic impacts/conditions in vernacular
languages are currently being developed.
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Lobster fattening: Utthan has initiated a small, but viable, lobster fattening programme in a couple of coastal Gujarati villages
with technical support from the Coastal Salinity Prevention Cell (CSPC).This pilot intervention is a part of community-based,
coastal initiatives to strengthen local sources of employment, particularly through Self Help Groups (SHGs) and to demonstrate
aquaculture as a potentially significant income generating activity in this region.The coastal belt of Gujarat is suitable for spiny
and rock lobsters, commonly found along rocky shores. Under the programme, demonstrations on lobster fattening were
conducted at two selected sites: Akthariya in Mahuva taluka, Bhavnagar district and Chanch-Bawadia in Rajula, Amreli dstrict.
Prior to Utthan’s intervention, the majority of lobsters caught in this area used to fetch a lower price in the market, as they
weighed around 100 grams only. With the fattening programme, now the lobster weighs around 150 gm and the value of the
live lobster can command a good price in the market.This programme has so far directly benefited 48 families belonging to two
SHGs (70% of these come from BPL households) within these two clusters, and has generated employment for 120 people-days
in a year. Following this pilot demonstration, the National Centre for Sustainable Aquaculture (NACSA), as well as the Marine
Products Export Development Authority (MPEDA), has shown interest in replicating and upscaling this activity to other coastal
villages. Efforts are underway also to engage women’s Self Help Groups (SHGs) in rope making by linking them up with Area
Level Federations (of SHGs) for inputs and marketing on products (Ahmed, et al 2008).

Identified response strategies

Drawing on a combination of local perceptions and broad insights from the scientific literature as summarized by

Utthan, strategies for coping with climate change were identified. These included:

¢ Institutionalising gender and people-centric mechanisms that would proactively respond to the needs of the

communities, especially the most vulnerable.This will enable sensitisation, capacity building, awareness
creation, inclusive participation, linkages and implementation of pilots, extract learning and sharing at
various levels for policy, behavioral change, etc. Above all, it would develop practices of good governance
and ownership that would sustain the process.
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e The development of early warning communication systems.These would help to reduce existing storm and
flood risks for portions of the community engaged in agriculture and fishing. Improvements in such systems
were viewed as particularly important if the occurrence of extreme events increases. In addition to
technologies, participants emphasized the need to establish linkages with relevant government officials,
particularly the District Collector, Mamtladar, dam site authorities and port authorities.They also emphasized
the need to establish effective communication systems in the village so that individuals and households can
strengthen their preparedness measures.

e Improvement of sanitation and safe drinking water facilities that can continue to function during extreme
events, as well as construction of houses for temporary shelter. Access to shelter, sanitation and drinking water
is currently a major problem during storms and floods at present and is likely to be exacerbated as climate
change proceeds.

e Livelihood security and development of livelihood activities consistent with sea level rises and increases in
salinity ingress due to coastal storms. Although communities did not observe any changes in sea level,
salinity ingress in the region is a major concern during storms. As a result, they identified lobster fattening
(using cages to bring small lobsters up to the size required for marketing) as a new livelihood activity that
could be tested and would be consistent with potential climate change impacts. Community members also
suggested placing increased emphasis on the plantation of salt tolerant crop varieties in the coastal saline
region as a related strategy. Additionally, this would reduce soil erosion along the riverbanks.

There is a need for strategies to respond to the protection of human life, food security, gender needs, especially in the
face of increased climate variability and as yet, unquantifiable climate change. Presently, there are no policies that help
communities to recoup losses or livelihood damages caused by cyclones, floods or drought unless and until such an
event occurs over a large area. Additionally, the increase in intensity and frequency of rains has had an adverse impact
on the agriculture crops. However, the villagers have yet to come up with strategies regarding changing cropping
patterns, whether by shifting crop varieties or the timing of planting.The major limitation blocking use of existing
climate change information in daily life are as follows:
e People believe in existing impacts of the climate change, but they don’t see this to be relevant at a local level
(their community), and
e They conceptually understand what the major impacts of climate change are (i.e. sea level rise), but they
haven’t recognised these types of change in their area or how change might impact their livelihoods and
activites.

Given these two perceptions, it is difficult to encourage people to change their behaviours to adopt livelihood
diversification and explore other options to increase resiliency. More work needs to be done on education and
communication of weather and climate information in order to affect change.

References
Ahmed, S., S. Lodhia and E. Saroch (2008), Mapping Disasters in Gujarat
State, Civil Society and Disaster Risk Reduction, Case Study for the Risk to Resilience programme.



Projecting Climate Change Impacts on
Smaller Geographic Scales:
Downscaling to the Rohini Basin, Nepal

Sarah Opitz-Stapleton: ISET-International
Subhrendu Gangopadhyay - University of Colorado at Boulder

Why Climate Downscaling?

In order to understand the manner in which floods, droughts, storms or other weather related disasters may change as
climatic conditions evolve, analysts are limited by the current state of scientific understanding, the computational
requirements of general and regional circulation models (GCMs and RCMs), and the length and quality of observational
data. Projections, such as those synthesized by the Intergovermental Pannel on Climate Change (IPCC) in its reports are
very general.They discuss trends and broad patterns of global and continental change.They also identify geographic
regions, such as the Himalayas, where available information points toward the potential for substantial change but limited
scientific consensus exists regarding the magnitudes of change and, as a result, uncertainty in projections is high. Moving
beyond general projections requires familiarity with climate science, which is evolving rapidly, and the ability to make
projections for the specific region and hazard of concern.This later element, the downscaling of global model results to
produce specific projections for specific locations, is the main step required for developing adaptation strategies regarding
future climate risks.

The majority of climate change projections are made using general circulation models (GCMs) for a global scale, with a
geographic resolution of 100-200km.The resolution of GMCs is too broad to be of use in developing disaster risk reduction
and adaptation measures, at smaller scales such as river basins.The ability of cost benefit analysis (CBA) and other
techniques to assess the economic viability of DRR investments, or the development of structural interventions such as
embankments, requires probabalistic information about the frequency of occurrence and potential magnitude of events
such as floods and droughts.

There are two common downscaling techniques used to translate large-scale GCM projections to smaller scales: 1) regional
climate models and 2) statistical downscaling models. RCMs are more physically complete as they attempt model physical
land-ocean-atmosphere interactions that govern weather and climate, but take enormous computational power and time
to run. Statistical downscaling techniques are potentially less accurate as they attempt to establish a statstical relationship
between point source weather variables, such as precipitation, and large-scale climate fields such as wind or air pressure at
different atmospheric levels. However, statistical methods are conducive to situations in which time is short and
computational power limited and can give reliable, first-pass estimates of potential climate change for a small region.

The Risk to Resilience project, funded by NOAA and IDRC, assessed the viability of current DRR investments and investigate
their continued relevance under various climate change scenarios for eastern Uttar Pradesh.To do this, we developed a
robust statistical downscaling technique for relating large-scale climate information, such as wind or atmospheric pressure,
to rainfall patterns in the Rohini Basin. We must caution, however, that while the method presented here can provide key
insights into potential climate change impacts in the basin, the projected changes in basin rainfall patterns (timing and
amount) exhibit a high degree of uncertainty that remains unresolvable for the near future.
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Climate Downscaling Methodology

There is significant disagreement between GCMs about current precipitation patterns for South Asia (Kripalani et al.
2007), which contribute to a high degree of uncertainty and a broad range in projections of current and future
precipitation estimates (Christensen et al. 2007). Global temperature projections are fairly robust; most agree that
temperatures are increasing and will continue to increase (Christensen et al. 2007).The global precipitation
projections, though, vary widely in timing, geographic distribution, amount and variability between all the GCMs.
However, the GCMs are able to simulate large-scale climate fields, such as wind, specific humidity and geopotential
height (atmospheric pressure) quite well and are generally in agreement (Trigo and Palutikof 2001; Osborn et al.
1999).

We took advantage of the GCM’s ability to reliably simulate large-scale climate fields to derive basin-scale rainfall
forecasts for the Rohini Basin.The model employed is a non-parametric, stochastic downscaling approach based on
the k-nearest neighbour (K-NN) algorithm (Yates et al. 2003; Gangopadhyay et al. 2005). We modified the algorithm to
forecast monthly precipitation ensembles, based on various climate change scenarios that were then disaggregated to
daily precipitation estimates.The steps taken to perform the downscaling are described below:

Step 1: Data Collection

The Rohini Basin straddles the border of Uttar Pradesh (India) and Newalparsi (Nepal) with approximately 70% of the
basin lying in India.The basin receives the majority (70-90%, depending on location) of its annual precipitation
during the monsoon months of June-September. After some difficulty, daily rainfall data for five weather stations on the
Nepali side were acquired with the most complete datasets running from 1976-2006. No information exists about how
the data were collected or the steps taken to ensure validity. Unfortunately, due to budgetary constraints, we were not
able to purchase data sets for the Indian side of the border.Thus, information on rainfall patterns for the geographic
majority of the basin is missing in this study.

After collecting rainfall data, selection of the large-scale climate fields commenced. Selection of large-scale climate
fields is governed by two sets of assumptions that determine the physical relationship between the local variable
(rainfall) and the large-scale variables.The first set is based on the necessary atmospheric conditions that allow for
convective activity, upon which most of the Rohini’s monsoon rainfall is based:

1) changes in air pressure that lead to atmospheric instability (measured through geopotential height)

2) moist air (measured through specific humidity)

3) warm air (measured through air temperature)

4) atransport mechanism to move the warm, moist air (measured through winds)

The second set of conditions is governed by their climate change relevance (von Storch et al. 2000):
1) the large-scale climate predictors have a direct physical relationship with the local variable and are
realistically modelled by the GCMs
2) the physical relationship between the large-scale predictors and the rainfall is expected to remain relevant in
the future, regardless of climate change
3) the large-scale climate predictors capture the climate change signal.

We selected the large-scale climate variables — geopotential height, zonal and meridional winds, specific humidity and
air temperature, according to the two sets of conditions just outlined. Large-scale variables from the historical period
of 1976-2006 were obtained from the NCEP/NCAR Reanalysis datasets (Kalnay et al. 1996).This set of observed
climate patterns was gathered to test the ability of the model to replicate past rainfalls. If the model is able to replicate
past rainfall well, we have some confidence in the climate change projections.

The second set of large-scale climate variables was gathered from the Canadian Third Generation Coupled Climate
Model (CGCM3).This set represents potential climate change scenarios and are used to simulate future rainfalls for the
basin. Selection of data from the CGCM3 was done after a literature analysis to determine which GCM is currently best
able to replicate key features of the South Asian Monsoon. Kripilani et al. (2007) analyzed the ability of 22 AR4 GCMs
(the same the IPCC summarized) to reproduce historic key features of the Indian monsoon and found that only six
models performed well. No literature could be found comparing GCM performace over Nepal, so a large assumption



was made that the studies of model performace for the all-India monsoon would be representative of Nepal. Out of the
six possible GCM candidates Kripilani et al. identified, data from the CGCM3 proved easiest to access.Thus, we chose
this model to provide climate change scenarios to drive the rainfall downscaling in our model. Partners involved in this
project agreed that we would use the A2 and B1 climate change scenarios.! Due to the planning timescales critical to
DRR interventions we only utilized climate change scenarios for the years 2007-2050.

Step 2: Final selection of climate variables

The physical relationships between the large-scale climate indices and the basin rainfall can be established using
correlation analysis. We performed correlation analysis between each month’s total rainfall (1976-2006) with various
large-scale climate indices from the NCEP dataset.The correlations were tested for significance and the climate index
that had the highest correlation with the month’s rainfall was identified and used to form the predictor set.

Step 3:Testing the model over the historic period 1976-2006

During the testing phase, the model is run in drop-one, cross-validation mode.This means that the year for which the

model is trying to predict rainfall is dropped from the rainfall and large-scale climate datasets. For instance, if we are
trying to project the rainfall for May 1980, the rainfall and large-scale climate indices of May 1980 are dropped from
the datasets.The model then makes the rainfall prediction using the remainder of the data.

The model works by finding an anaolgue between the rainfall/large-scale climate variables of the month (say May)

and year (1980) to be projected and all data for that same month for the whole historic period (all Mays 1976-2006,
except May 1980) minus the year to project.The years with the most similar large-scale climate features to May 1980
are retained (the K-NN years) and resampled to make projections.The resampling process generates multiple rainfall
values (ensembles) to give a range of possible rainfalls under those particular historic large-scale climate conditions.

Step 4:Verifying the model over the testing period 1976-2006

Each ensemble forecast is equally probable for the period 2007-2050. We won’t know until the future is history which
forecast the most accurate. We can only test the model’s accuracy, and whether or not the large-scale climate variables
choosen capture the majority of physical processes governing rainfall in the Rohini Basin, by seeing how well the
model could hindcast rainfalls for 1976-2006. We employed several comparison techniques to test the model’s
performance.

Step 5: Generating future rainfall conditioned on climate change scenarios A2 and B1

The generation of future rainfall for the Rohini Basin is based on comparing the projected large-scale climate
variables from CGCM3 with the historically observered large-scale climate variables from NCEP. Say we are trying to
predict rainfall for May 2020.The large-scale climate indices of May 2020 calculated from CGCM3 are compared with
the large-scale climate variables of all Mays 1976-2006 calculated from NCEP.The rainfall amounts of the K-NN from
the historical period are resampled to produce the mean rainfall projections for May 2020.The residuals are then
resampled and added (bootstrapped) onto the main projections to generate rainfall ensembles.

Results and Discussion

The model was better able to hindcast rainfall for some months than others for the period 1976-2006, in particular the
months of February-May, August, November and December.The model had limited, but still useful, confidence in rainfall
hindcasts for June and July.The rainfall hindcasts for January, September and October exhibit little skill.

The ability to hindcast rainfall in certain months over others is largely due to atmospheric conditions and the ability of
the selected large-scale variables to capture the atmospheric conditions. January is dry in most years. When rainfall
does occur in this month, it is usually due to remenants of depressions that formed over the Mediterranean that
transport moisture into Nepal.The timescale of these depressions is on the order of a couple of days, and aren’t

1 For a detailed description of the A2 and B1 climate change scenarios, refer to the IPCC (2000) Special Report on Emission Scenarios.
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captured in the monthly timestep of the model. During September and October, the atmospheric conditions that create
and sustain the monsoon are falling apart and the atmosphere doesn’t stabilize until November.The model cannot
capture these rapidly changing atmospheric processes.There is a great deal of uncertainty in the future projections of
climate change impacts on rainfall in the Rohini Basin. For the future, the rainfall predictions are shown below:

IPCC - South Asia Rohini Basin
AlB Bl A2
Season 25th 50th 75th 25th 50th 75th 25th 50th 75th
Dec - Feb -9 5 1 -104 -89 -59 -37 -24 -1
March - May -2 9 18 -59 -52 -28 -60 -55 -35
June - Aug 4 11 16 -4 1 11 -3 0.5 10
Sept - Nov 8 15 20 -19 -13 -1 -15 -9 2
Annual 4 11 15 -12 -7 4 -10 -6 5

lllustrative comparison of the interquartile IPCC projections for the entire South Asia region (to period 2080-2099) with the downscaling interquartile
projections for the Rohini Basin (projections for 2010-2050). Values are in percentage departures from the historic mean (1980-1999 for IPCC; 1976-2006 for
Rohini Basin). Thus, a direct comparison should not be made to the values.

lllustrative comparison of the interquartile IPCC projections for the entire South Asia region (to period 2080-2099)
with the downscaling interquartile projections for the Rohini Basin (projections for 2010-2050).Values are in
percentage departures from the historic mean (1980-1999 for IPCC; 1976-2006 for Rohini Basin).Thus, a direct
comparison should not be made to the values.
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The median rainfall projections show a significant decrease in rainfall during non-monsoon months and a slight
increase in precipitation during the monsoon. However, there is a high degree of variability in projections for all
months of the year, indicating that the rainfall can be much higher or lower than the median projections in each
month. Without having done the downscaling using output from several GCMs, it is impossible to put bounds on the
uncertainty in the Rohini rainfall projections. However, the rainfall projections during non-monsoon months, while
low, are consistent with the downward rainfall trends over all of India during non-monsoon months projected by
other scientists (Kumar et al. 2006; Gosain et al. 2006). Likewise, other studies are projecting increases in monsoon
rainfall, althought the projections in rainfall amounts vary.The most