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Moving from knowledge to actions…. Initiatives of
Government of Madhya Pradesh on Climate Change
Ajatshatru Shrivastava & Lokendra Thakkar

Background
Decades of scientiﬁc works to understand the changing climatic systems and its impacts on
this planet, have established that the increase in greenhouse gases (GHGs) in Earth's
atmosphere is responsible for the excessive increase in temperatures and consequent change
in climate. It is now widely agreed and experienced that the planet is warming much more
than under natural conditions and the cause is human activity.
Madhya Pradesh second largest Indian province has enough reasons to be concerned about
the impacts of climate change as it has a large population depending on its natural resources
for livelihood. The state has agrarian economy with agriculture as the mainstay of livelihood
for about 45 million people which constitutes two third of the population which
Observed climate trend analysis for Madhya Pradesh, carried out as part of the preparations
for MP State Action Plan on Climate Change and Vulnerability and Risk Assessment of MP
towards Climate Change, indicates uneven trend of rainfall in most parts of the state. The
study carried out by IITM Pune using the HADCM3 simulations downscaled with PRECIS
indicate an all-round warming over the Indian subcontinent associated with increasing
greenhouse gas concentrations. Both maximum and minimum temperatures are projected to
rise signiﬁcantly under the PRECIS A1B scenario. Rainfall is also projected to increase
under this scenario.
Thus there is a clear need for initiating actions to adapt to the impacts of climate change on
agriculture and allied sectors, water resources, forests and human health. At the State
Knowledge Management Centre on Climate Change (SKMCCC), we believe that
knowledge based interventions are required to establish not only the link between various
aspects of these sectors and climate change but also to combat the challenge posed by climate
change in a informed manner.
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Context
The Government of Madhya Pradesh has adopted a Vision Document-2018 which is a
guiding document for good governance, development and change. This mentions that a State
Knowledge Management Centre on Climate Change (SKMCCC) will be set up in
Environmental Planning and Coordination organization (EPCO). GoMP has also declared
EPCO as the state Designated Agency for Climate Change in the state and also Nodal Agency
for Climate Change Knowledge Management. Notiﬁcations to this effect have been issued
by General Administration Department of GoMP. In this context a State Knowledge
Management Centre on Climate Change has been established in EPCO. To bridge the
knowledge gap and to build the capacity of the state government ofﬁcials to better coordinate
and mainstream climate change issues in development activities and policies, the SKMCCC
proposes to facilitate integration process.

Mission
The mission of SKMCCC is to become a centre of excellence and knowledge hub in the state
to cater to the climate change related information and knowledge needs of policy makers,
scientiﬁc community and general public on issues related to climate change through creation,
collection, synthesis and dissemination.

Objectives
The SKMCCC aspires to establish a strong connect between climate science, policy planners
and development practitioners to support strategic planning of government agencies as well
as local community, with the aim to strengthen their coping capacities to climate risks.

Institutional Mechanism
The State Government has set up an institutional mechanism to review and monitor the
activities of the SKMCCC. Chief Secretary, Govt of MP heads the State Steering Committee
to provide policy guidance, directives and interdepartmental coordination. An Oversight
Committee has been constituted under Principal Secretary Urban Development and
Environment, GoMP. A Project Implementation Committee under Executive Director,
EPCO has also been constituted.
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Function
Major function of SKMCCC is to create, collect, analyze, synthesize and disseminate the
knowledge on climate change. SKMCCC intends to partner up with the organizations,
institutions that are already working in this ﬁeld and would help in strengthening their
capacity and disseminating their works.
Capacity building and training activities are being taken up in a much larger and focused way
to create awareness on climate change issues and thereby assisting the states ofﬁcials to
formulate policies and programs that strengthen its resilience.

Structure
The functional architecture of SKMCCC is designed as hub and spoke model fostering
linkages, collaborations between relevant institutions, authorities and stakeholders. The
knowledge hub is at Bhopal equipped with human resources and infrastructural wherewithal.
Subject experts from relevant sectors will take up research studies and projects and address
the information and knowledge needs of the concerning departments.
It is important that knowledge hub is engaged with the concerning departments in a
structured and meaningful way, therefore departmental climate change working groups
(DCCWG) have been constituted. 12 communities based Climate Change Pulse Centers
(CCPC) are being set up at the 10 divisional headquarters to cater to the needs of 11 agroclimatic zones across the state. These would act as the spokes. These CCPC would be run by
community, institutions, professional NGOs and would be guided by a divisional steering
committee headed by the Divisional Commissioner. The information and knowledge would
ﬂow from the hub to spoke as well as from the spokes to the hub for greater reach. A strong
monitoring and reporting system would be brought in place for efﬁcient working of the
CCPCs.

Knowledge Resources
· Madhya Pradesh State Action Plan on Climate Change (MP SAPCC): A comprehensive
State Action Plan on Climate Change based on wide stakeholders consultation and experts
inputs has been prepared which has been approved by the State and National steering
committees. This was taken up as part of the GoMP UNDP project.
· Policy briefs: A set of 12 policy briefs based on the MP SAPCC has been developed for
easy reading and comprehension.
· Vulnerability and Risk Assessment of Madhya Pradesh towards Climate Change: A detail
climate change vulnerability assessment study of the state was conducted under the MoEFGIZ project on Climate Change Adaptation in Rural Areas of India. The study analyses the
vulnerability of the state with respect to key sectors like water, forests, agriculture and health
across all the districts in different time scales, i.e. baseline, mid century (2050s) and end
century (2080s)
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· GHG Inventorization: An independent study on Green House Gases Inventorization
and Marginal Abatement Cost Curve for Madhya Pradesh has been done.
· Knowledge Portal: For better outreach through the internet, an interactive bilingual
knowledge portal to address the information and knowledge needs of different
stakeholders has been developed. The portal has all the data, information and Knowledge
products developed by SKMCCC.
· Human Resource: The SKMCCC has multidisciplinary professionals who have ability
to work on climate change related projects. The human resource requirements are
supported by the Department of Science and Technology, Gal, and UNDP as part of the
UNDP support to SKMCCC.
· Infrastructural Resource: The SKMCCC has a dedicated and aesthetically designed
ofﬁce space which offers enabling work environment to its professionals. It is equipped
with high speed net connections and latest hardware and software. SKMCCC is housed in
the EPCO Annex (old LCA building) which has well developed convention, conferencing
and training facilities.

Partners In The Progress

·

·
·
·
·

Ever since the inception of the climate change cell in EPCO which has now been
converted into a full ﬂedged knowledge centre as mentioned in the vision document of the
Government of MP, there has been a vibrant and sustained engagement with host of
institutions of national and international repute. At the same time a strong technical and
ﬁnancial support from national, bilateral and multilateral donors has ensured that the
SKMCCC functions in a truly professional manner.
Department of Science and Technology, Gol: Recognized SKMCCC as the state host
agency for the NMSKCC and sanctioned core grant support for 5 years for human
resources, equipments and technical activities.
Ministry of Environment, Forests and Climate Change, Gol: Project based support
for Climate Change related activities and support for SAPCC preparation.
UNDP-lndia: Grants for Technical studies, human resources, capacity building,
knowledge portal and equipment
GIZ-India: Technical support for scientiﬁc studies training and capacity building
activities.
DFID- India: Technical assistance to bridge the strategic knowledge gaps of SKMCCC
as part of the SPMG phase-II project.
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Activities
· Developing and testing adaptation measures
Under this component two pilot projects were implemented to test two different
adaptation measures. One project climate prooﬁng of ﬁsh farming in Dhar district while
the other is related about eco studied restoration and institutional strengthening in Mandia
district as an adaptation option.
· Climate prooﬁng of government programmes - Climate prooﬁng implies reviewing
and strengthening programmes or schemes with climate change perspective in order to
make them climate resilient and sustainable. Joint Forest Management Committees of
Betul and Khargone are being studied under this component.
· Training and capacity Bulling Activities - SKMCCC is actively involved in the
training and capacity building of key stakeholders on environmental issues with special
focus on climate change.
First step towards mainstreaming of climate change concerns in policies and programmes is
to build the capacity of the department ofﬁcials in understanding the climate change issues.
In order to build the capacity of the government ofﬁcials and professional of the research
institutes a multi pronged approach has been adopted.
· Climate Change Appreciation Course - To introduce the subject of climate change to
the ofﬁcials of the different departments this one day collaborative program has been started
in association with MP State Academy of Administration. The course material is based on the
SAPCC and nominations of ofﬁcers are received from departments.
· Training for Agriculture Department ﬁeld functionaries (ATMA) - A focused training
program for the middle and junior level ofﬁcers of the agriculture department has been
initiated with the Bhopal chapter of ATMA. The trainees are sensitized about the climate
change issues in general and agriculture in particular.
· Customized Training on Mainstreaming of CCA - GIZ India as part of the CCARAI project has developed MP speciﬁc training module on climate change adaptation and
how to mainstream it.
· Sponsoring Government ofﬁcials to attend specialized training courses - The
SKMCCC has been sending government ofﬁcials of various departments to attend various
climate change speciﬁc training programmes organized by reputed organizations in the
country.
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Knowledge Partnerships And Networking
SKMCCC intends to enter into knowledge partnerships with esteemed institutions and
development organizations to raise a vibrant knowledge ecosystem in the state and create
enabling environment for researchers and practitioners to pursue their work on issues related
to climate change adaptation and mitigation. Towards this end SKMCCC will make
proactive efforts to reach out to the respective institutions in the state, and also welcomes
proposals from prospective institutions to enter into a formal knowledge partnership.
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Contemporary Climate Change Models and
Projections for Madhya Pradesh
Ashwini Kulkarni and Savita Patwardhan

Introduction
Climate change arising out of global warming is humanity's greatest challenge
ever. The industrial revolution that catapulted the economies of the present day
developed countries has led to considerable increase in the emissions of green house
gases (GHGs). The increased concentration of GHGs in the earth's atmosphere is
altering the natural balance of the greenhouse effect. The outcome of this imbalance is
global warming that is contributing to unprecedented changes in global and local
climates. These changes could have signiﬁcant impact on natural systems like forests
and ecosystems, water availability, sea level rises as also human activities of agriculture,
forestry, ﬁshery and human health itself. The potentially serious changes anticipated
include increased occurrence of extreme high temperature events, ﬂoods, and droughts
in some regions. Consequences of such events would lead to increased occurrence of
ﬁres, pest outbreaks, and changes in ecosystem composition, structure, and functioning,
including primary productivity. Climate change is thus a global issue with impacts that
will manifest at local scales. There is now a strong and widely felt need for
understanding the nature of climate change at the global as well as regional levels to
deal with, and plan action for possible impacts. Strategy for mitigative action must
therefore be planned on the basis of the present assessment of changes observed and
their future projections of climate change, keeping in view the uncertainties involved.
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The General Circulation Models (GCMs) are the most advanced tools currently
available for simulating the global climate system that includes complex physical processes in
the atmosphere, ocean, cryosphere and land surface. GCMs depict the climate using a three
dimensional grid over the globe, typically having a horizontal resolution of about 250 km, with
about 20 vertical layers in the atmosphere and about 30 layers in the oceans. Recently a suite of
Earth System Models has been made available to scientiﬁc community by IPCC(Intergovernmental Panel on Climate Change) which led to ﬁfth assessment report(AR5). All these
models are coarse resolution models (100 x 100 to 300 x 300 km2) and hence they behave
reasonably well on larger space-time scales, say on seasonal to annual scale and continental to
global scales. Such coarse resolution, does not allow representation of physical processes, such
as those related to clouds or topographical features. However, developing high resolution
models on a global scale is not only computationally expensive for climate change simulations,
but also suffers from the errors due to inadequate representation of high-resolution climate
processes on a global scale. It is in this context that the regional climate models (RCMs) provide
an opportunity to dynamically downscale global model simulations to superimpose the regional
details of speciﬁc regions of interest. Hence it has been recommended to use high resolution (50
x 50 km2) dynamically downscaled regional climate models to examine the climate change
impacts on the smaller spatial as well as smaller temporal scales.
In this article we discuss the climate change projections over Madhya Pradesh(MP)
using high resolution regional climate model PRECIS (Providing Regional Climates for Impact
Studies) However, not many studies are available over the Indian regions that study the climate
change scenarios using simulations from high-resolution models. This study attempts to
examine the projected future changes in the monsoon climate over MP using a set of PRECIS
simulations made with the lateral boundary data from the Quantifying Uncertainty in Model
Predictions (QUMP) simulations of UK Met Ofﬁce. To develop the high-resolution climate
change scenarios for impact assessment studies, a high-resolution regional climate model,
PRECIS, developed by the Hadley Centre, UK is run at the Indian Institute of Tropical
Meteorology (IITM), Pune, at 50 x 50 km horizontal resolution over the South Asian domain.
Three simulations from a 17-member perturbed physics ensemble (PPE) produced using
HadCM3 under the QUMP project of Hadley Centre Met Ofﬁce, UK, have been used as lateral
boundary conditions (LBCs) for the 138-yr (1961-2098) simulations of the regional climate
model, PRECIS. Here we present the projected changes in climate parameters like seasonal
rainfall, annual average temperature, frequency and intensity of rainy days, daily minimum and
maximum temperatures, frequency of excess and deﬁcit monsoons over MP in three future time
epochs, say 2020s(2011-1040), 2050s(2041-2070) and 2080s(2071-2098) with respect to
baseline simulations 1970s(1961-1990). The high resolution daily gridded rainfall data
prepared by India Meteorological Department (IMD) and gridded temperature data prepared by
Climate research Unit (CRU) , University of East Anglia, UK have been used for validation of
model simulations.
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key sectors vulnerable to climate change : MP
MP is rich of resources. 31% of the geographical area is forest land enriched of ﬂora
and fauna biodiversity. The change in climate may impact the distribution and composition
of the types of forests in MP. The average annual rainfall of MP is 1160 mm and is drained
by ten rivers, large and small. These rivers are highly at the mercy of vagaries of rainfall. The
reduction in stream run-off will adversely affect the irrigation and hydropower projects.
70% of the rural population in MP is engaged in agriculture, horticulture and other sectors
dependent on them such as ﬁsheries, dairy and animal husbandry. Changing patterns of
rainfall and warming temperatures affect the crop production adversely. Also extreme
events like frost, excess rainfall drastically reduces crop production. New crop diseases
have been observed due to temperature increase. Animals are threatened by vector borne
diseases, reduced productivity, water stress etc. Increased intensity of heat and cold waves
affect human health

adversely. The increasing levels of pollution cause respiratory

problems, allergies etc. Thus MP is highly vulnerable to changing climate and hence it is
very crucial to study how the climate would change over MP in future.
Climate change projections over MP
To have good conﬁdence in climate projections, we must have the models which
can simulate the present climate at a place reasonably well. K Kumar et al (2011, Current
Science) have used LBCs of three QUMP experiments from 17-members of PPE to drive
PRECIS to examine impact of global warming on Indian climate. Fig 1(left panel) shows
the seasonal rainfall simulated by 5 QUMP experiments, Q0, Q1, Q5, Q14 and Q15 and
their ensemble mean. In general the spatial pattern of seasonal rainfall over MP ie more
rainfall towards the south-eastern parts (now in Chattisgarh) is well captured by all the
simulations, however Q0, Q5 and Q14 simulate a wet bias over south-eastern region. The
summer monsoon rainfall of 4-8 mm/day has been well simulated by all the

QUMP

o

simulations. Mean annual temperatures are simulated to be 24-30 C with warmer
temperatures to southwestern parts(Fig 1 right panel) . This pattern talleys very well with
the observed pattern. Also frequency and intensity of rainy days, highest daily maximum,
lowest daily minimum temperatures are well represented by the ﬁve QUMP simulations.
Hence we can have some conﬁdence in the projections of these parameters.
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As stated earlier, the projected changes are examined over three time slices 2020s, 2050s
and 2080s with respect to present climate 1970s. Fig 2 (left panel) depicts projected %
change in mean seasonal rainfall in ﬁve QUMP simulations (rows) in three time
slices(columns). During recent future (2020s), there is no much change in seasonal
rainfall, however towards the middle of the century, the mean seasonal rainfall may
increase by 5-20% while towards the end of the century it may increase by around 20o
40% with more wet over western parts. Mean annual temperatures may rise upto 1.5
o
o
during 2020s, upto 3.5 during 2050s and upto 5 c towards 2080s (Fig 2-right panel).
These rising temperatures may have adverse impact on biodiversity, forests, water
resources, agriculture etc over MP. Fig 3 shows number of rainy days (days with rainfall
at least 2.5 mm) simulated in ﬁve QUMP experiments and their ensemble mean (left
panel) and the projected changes (right panel). All the ﬁve QUMP simulations estimate
more number of rainy days, and a lot more on the eastern parts of the state (Chattisgarh).
There is a large uncertainty in projected changes in number of rainy days, however in
general the number of rainy days are projected to decrease in majority of simulations.
Fig 4 depicts simulated intensity of rainy days (left) and projected changes (right).

Fig 1 : Seasonal (June-September) rainfall (mm/day) and annual average temperature (
C) simulated by ﬁve QUMP simulations (1961-1990) compared with observed IMD
rainfall (left panel ﬁrst plot) and CRU temperature (right panel, ﬁrst plot)
o
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All the QUMP experiments simulate a strong dry bias in intensity of rainy days
however the intensity is projected to increase in future. Hence there will be more
severe extreme rainfall events which may threaten the agriculture sector and water
resources. The daily maximum and minimum temperatures are also projected to
warm with a alarming rate and the warming is more in daily minimum temperatures
than daily maximum temperatures. The unprecedented increase in night time
temperatures may affect the crop production over MP
doi:10.1029/2011GL050658

Fig 2 : Projected changes in seasonal rainfall (%) (left panels) and annual average
o
temperature ( C)(right panels) in ﬁve QUMP simulations in three time epochs
2020s(ﬁrst column), 2050s (second column) and 2080s (third column) with respect
to 1970s
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Fig 3 : Simulated number of rainy days(left) and projected changes(right)in three time
slices

Fig 4 : Simulated rainfall intensity (mm/day- left) and projected changes(right)

13

Fig 5 : Simulated highest maximum temperature ( o C - left )and projected changes(right)

Fig 6 : Simulated lowest minimum temperature ( o C- left) and projected changes(right
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Fig 5 and Fig 6 show the simulated and projected changes in highest maximum temperature
and the lowest minimum temperature in ﬁve QUMP simulations. These represent the
o

extreme hot and cold events. All the QUMP experiments simulate a warm bias of 2-3 C in
the highest maximum temperature. In near future ie 2020s there is not much warming in
o

highest maximum temperatures over the central parts of MP, however there may be 2-3 C
o

warming in 2050s and may be still more , upto 4-5 C towards the end of the century. All
QUMP experiments simulate a cold bias in lowest minimum temperatures (Fig 6 left panels)
, however the rapid warming is projected in future in these night time temperatures. The
warming seems to be projected more in night time temperatures than the day time. This may
have adverse effect on the crop production, especially the rice.
Summary
•

In near future there may not be much change in seasonal monsoon rainfall, however
the rainfall may increase by 5-20% towards 2050s and upto 40% towards 2080s
with respect to baseline

•

o

o

The annual average surface temperatures are projected to rise by 1-2 C, upto 3 C
o

and upto 5 C towards 2020s, 2050s and 2080s respectively
•

The number of rainy days may decrease , but may be more intense in future

•

Projected rise in lowest minimum temperature is more as compared to rise in
maximum temperature.
While the scenarios presented in this report are indicative of the range of rainfall

and temperature changes that could occur in the future, it must be noted that the quantitative
estimates still have large uncertainties associated with them, due to the differences between
global climate model results and the limited number of high resolution regional model
simulations available at this stage for India. Now recently under the auspices of World
Climate Research Program a new suite of dynamically downscaled high resolution (50 x 50
km2) regional climate models has been made available to scientiﬁc community under the
CORDEX-SA (Co-Ordinated Regional Downscaling EXperiment- South Asia) program
which derive the lateral boundary conditions from some of the CMIP5 models (Coupled
Model Inter-comparison Project 5) of IPCC. The data is being archived at the Indian
Institute of Tropical Meteorology , Pune as and when it is made available by the modeling
groups. The availability of the number of ensembles would help to quantify the
uncertainties in model simulations better.
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ASSESSMENT OF IMPACT OF CLIMATE CHANGE
ONFOREST SECTOR IN MADHYA PRADESH
Ravindranath N H, SujataUpgupta, MathangiJayaraman and Indu K Murthy
Introduction
The forest sector is important in the context of climate change due to three reasons namely; i)
deforestation and forest degradation contributes to about 20% of global CO2 emissions, ii)
forest sector provides a large opportunity to mitigate climate change, particularly the REDD
(Reducing Emissions from Deforestation and Degradation) and afforestation/reforestation
under Clean Development Mechanism, and iii) forest ecosystems are projected to be
adversely impacted by climate change, affecting biodiversity, biomass production and forest
regeneration. Climate is one of the most important determinants of vegetation patterns
globally and has signiﬁcant inﬂuence on the distribution, structure and ecology of forests. It
is therefore logical to assume that changes in climate would alter the conﬁguration of forest
ecosystems.
The Inter-Governmental Panel on Climate Change in its latest report of IPCC (2014) has
highlighted that many terrestrial species have shifted their geographic ranges, seasonal
activities, migration patterns, abundances and species interactions in response to ongoing
climate change. Thus according to the scientiﬁc evidence available forest ecosystems are
already undergoing change from the observed climate change. Further under the observed
projected climate change terrestrial species, in particular those belonging to forest
ecosystems face increased risk of extinction. Many species will not be able to adapt to the
changing climate or shift to suitable climates, leading to forest dieback. Further, tree
mortality and associated forest dieback that may occur in many regions inthe next one to
three decades,leading to forest dieback, pose risks for carbon storage, biodiversity,wood
production, water quality, amenity, and economic activity.
A recent study from Indian Institute of Science using a dynamic global vegetation model
showed that at the national level, about 45% of the forested grids are projected to undergo
change by 2030s under A1B climate change scenario (Gopalakrishnanet al, 2011).These
projected changes are irreversible and thus is therefore a need for assessment of impacts at
the state and district level along with an assessment of vulnerability and adaptation strategies
and measures to be adopted for forest management under a climate impacted scenario. This
chapter ﬁrstly presents the impacts of climate change on forests in particular, forest types in
Madhya Pradesh, and secondly, a set of potential adaptation strategies and practices for
climate changeimpacts are suggested.
State of Forests in Madhya Pradesh
The distribution of forests along with crown densities in Madhya Pradesh is given in Figure 1a.
The area under forests in Madhya Pradesh is estimated by Forest Survey of India at 7.77 Mha,
accounting for about 25% of the geographic area. Open forests account for about 46% of
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the total forest area followed by moderately dense forests accounting for about 45%. Dense
forests account for only about 9% of the total forest area. Among the forest types, according to
the Champion and Seth classification, Madhya Pradesh has 18 forest types. The two dominant
forest types are (Figure 1b) tropical dry deciduous forest, accounting for about 80% of the total
forest area and tropical moist deciduous forests, accounting for about 18%.

Figure 1a: Forest types of Madhya Pradesh (Source: FSI-2013).Figure 1b: Percentage area under different
forest types in Madhya Pradesh (Source: FSI-2013).

The area under forests in Madhya Pradesh has increased during the period 2003 to 2009
according to the State of Forest Reports of the Forest Survey of India. But from 2009-2011,the
total area under forests has declined due to encroachment on forest lands, mining activities and
increase in submergence areas as per SFR-2103.There is a continuous increase in the very dense
forest category during the same period but a very insigniﬁcant decrease from 2009 to 2011(Figure
2). Further, moderately dense forests have marginally declined from the period 2003-2011. While
the area under open forests increased during 2003 to 2009 but from 2009-2011 there is a
decrease(Figure 2).
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The forest area change matrix presented by the Forest Survey of India for the period 2011 to
2013 in the State of Forest Report (2013) indicates insigniﬁcant decrease in area under
dense forests while in the moderately dense and open forest categories declined by 65 and
105 sq. km, respectively (Table 1).
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Afforestation in Madhya Pradesh has increased steadily from about 19,000 ha in 2009 to
more than 40,000 ha in 2011, based on the number of seedlings planted (at 1000
seedlings/ha) as reported by the Madhya Pradesh forest department
(http://www.mpforest.org/Intranet/Plantation/). The area afforested could be vulnerable to
climate change impacts. Thus it is necessary to consider climate change impacts in planning
afforestation programmes.
Table 1: Forest cover change matrix (Area in km2) for 2011-2013. (Source: FSI-2013)
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Methods and Models
The impacts of projected climate change on forest ecosystems in Madhya
Pradeshareassessed based on the changes in area under different forest types and shifts in
boundary of forest types. This assessment is based on: (i) spatial distribution of current
climatic variables, (ii) future climate projected by the CMIP5 data, for RCP 4.5 and RCP 8.5
(iii) vegetation types as simulated by the dynamic vegetation model IBIS v.2 (Integrated
Biosphere Simulator) under projected climate change scenario.
- Climate model: An ensemble of 5 CMIP5 models(bcc-CSM1.1, Miroc5, Miroc-ESM,
Miroc-ESM-CHEM, IPSL-CM5a-LR) is used for this study. Observed climatology is
obtained from CRU (New et al., 1999), while soil data was obtained from IGBP (IGBP,
2000). The impacts are assessed at regional climate grid scales (about 50 km x 50 km).
- Scenarios of climate change:In this exercise, we consider 5 model ensemble climate
data for the two Representative Concentration Pathways (RCP) 4.5 and 8.5. Further, two
future time-frames for each RCPis considered: 1) Timeframe of 2021-2050 for RCP 4.5
(atmospheric CO2 concentration reaches 414ppm),for RCP 8.5 (atmospheric CO2
concentration reaches 419ppm). This is labelled as “2030”; 2) Timeframe of 2071-2100 for
RCP 4.5 (atmospheric CO2 concentration reaches 524ppm), for RCP 8.5 (atmospheric CO2
concentration reaches 677ppm),which is labelled as “2080”. We compare the results of
these with the 'baseline' scenario, which represents the simulation using the 1961-90
observed climatology.
-
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- Vegetation model:The dynamic vegetation model IBIS is designed around a
hierarchical, modular structure (Kucharik, et al. 2000). The model is broken into four
modules namely 1) the land surface module, 2) Vegetation phenology module, 3) Carbon
balance module and 4) Vegetation dynamics module.These modules, though operating at
different timesteps, areintegrated into a single physically consistent model. The state
description of the model allows trees andgrasses to experience different light and water
regimes and competition for sunlight and soil moisture that determines thegeographic
distribution of plant functional types or forest types.
- Input data: IBIS requires a range of input parameters including climatology as well as
soil parameters. The main climatology parameters required by IBIS are: monthly mean
cloudiness (%), monthly mean precipitation rate (mm/day), monthly mean relative
humidity (%), monthly minimum, maximum and mean temperature (°C) and wind speed
(metre/second). The main soil parameter required is the texture of soil (i.e. percentage of
sand, silt and clay). Themodel also requires topography information.
- Outputs:The model generates global simulations of surface water balance (e.g., runoff),
terrestrial carbon balance (e.g.,NPP, ecosystem exchange, soil carbon, aboveground and
belowground litter, and soil CO2 ﬂuxes), and vegetation structure (e.g., biomass, leaf area
index, and vegetation composition).
The dynamic global vegetation model IBIS has been validated by Indian Institute of Science
for itssuitability for Indian conditions (Chaturvediet al., 2011).
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Impacts of Climate Change
The IBIS model was run at the national level and the outputs are extracted for Madhya
Pradesh and presented in this section. The ﬁndings of the modeling study on the impact of
climate change at the district level are as follows:
The number of theforested grids projected to be impacted by climate change during 2030s
and 2080s in Madhya Pradesh are (Table 2):

Total number of forested grids in Madhya Pradesh is 105.
During the short-term period of 2030s, out of the 105forested grids in Madhya Pradesh, 32
(30%) will be impacted by climate change under RCP4.5 and 33 (31%) under RCP8.5.
During the 2080s, a higher percentage (40% under RCP4.5 and 61% under RCP8.5) of the
forested grids is projected to be impacted.
The percentage of grids projected to undergo no change is 67% and 47%, respectively for 2030s
and 2080s.
The key districts projected to be impacted during 2030s are:
o Shivpuri, Panna, Gwalior, Sheopur, Dharand Burhanpur
The key districts projected to be impacted during 2080s are:
o Shivpuri, Panna, Gwalior, Sheopur, Dhar, Chhindwara, Balaghat, Narsimhapur, Raisen,
Seoni and Burhanpur

In the districts projected to be impacted by climate change, the future climate may not be
suitable for the existing forest types and the species present. The forests in the grids
projected to be impacted could experience tip drying, changes in physiological and
phenological characters and in extreme cases die-back, leading to mortality of the tree
species.
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Table 2: Forested grids projected to undergo change during 2030 and 2080 under
RCP4.5 and RCP8.5.
No of
IB IS gri ds

No of gri ds to be
impacte d by
2030s RCP4.5

No of gri ds to be
impacte d by
2030s RCP8.5

No of gri ds to
be impacte d by
2080s RCP4.5

No of gri ds to be
impacte d by 2080s
RCP8.5

Alira jpur

1

1

1

1

1

Ashoknagar

2

0

0

0

0

Ba laghat

3

0

0

1

2

Barwani

2

2

2

2

2

Betul

4

1

1

2

3

Bhind

1

1

1

1

1

Bhopal

2

0

0

0

1

Burhanpur

1

1

1

1

1

Chhatarpur

3

2

2

2

2

Chhindwara

5

0

0

1

2

Da moh

4

0

0

0

2

Dewas

3

0

0

0

0

Dhar

3

2

2

2

2

Dindori

2

0

0

0

2

East Nimar

3

0

0

0

0

Guna

2

0

0

0

0

Gwa lior

3

3

3

3

3

Harda

1

0

0

0

0

Hoshangabad

1

0

0

0

1

Indore

1

0

0

0

0

Jabalpur

2

0

0

0

1

Jhabua

1

1

1

1

1

Katni

2

0

0

0

2

Mandla

3

0

0

1

3

Mandsaur

1

1

1

1

1

Morena

2

1

2

2

2

Narsimhapur

2

0

0

2

2

Panna

2

1

1

1

2

Ra isen

2

0

0

1

2

Ra jgarh

1

1

1

1

1

Ratla m

2

2

2

2

2

Rewa

2

1

1

1

1

Sagar

3

0

0

1

2

Satna

3

1

1

1

1

Sehore

2

0

0

0

2

Seoni

2

0

0

1

2

Shahdol

2

0

0

0

1

Shajapur

4

2

2

2

2

Sheopur

3

3

3

3

3

Shivpuri

3

2

2

2

2

Sidhi

3

0

0

0

0

Singrauli

1

0

0

0

0

Tika mgarh

2

2

2

2

2

Ujja in

2

0

0

0

0

Umaria

2

0

0

0

0

Vid isha

2

0

0

0

1

West Nima r

2

1

1

1

1

105

32

33

42

64

Districts

Total
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The spatial distribution of forested grids, projected to be impacted by climate change is
presented in Figure 3 and 4 for 2030s and Figure 5and 6 for 2080s.
 Forested grids mainly in the northern and south western part of Madhya Pradesh are
projected to be impacted by climate change during the short-term period (2030s)
under RCP 4.5 and RCP 8.5 (Figure 3 and 4).
 In the long-term period (2080s), in addition to the northern and south western parts,
southern, eastern and central districts of Madhya Pradesh are also projected to be
impacted (Figure 5 and 6).
 The forests in the central districts of the state are not likely to be impacted by the
projected climate change by 2030s but are likely to be impacted in the 2080s.

Figure 3: Forest vegetation change projected by 2030sunder RCP 4.5
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Figure 4: Forest vegetation change projected by 2030sunder RCP 8.5

Figure 5: Forest vegetation change projected by 2080sunder RCP 4.5
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Figure 6: Forest vegetation change projected by 2080sunder RCP8.5
The forests in the districts which are likely to be impacted by climate change will have
serious implications for the species dominance, biodiversity and ﬂow of non-timber forest
products. This will ultimately impact the livelihoods of local forest dependent communities.
IPCC (2014)has concluded that even in the short term period of next one to three
decadestree mortality and associated forest dieback will occur in many regions.Forest
dieback may pose risks for carbon storage, biodiversity,wood production, water quality,
amenity, and economic activity.

Adaptation to Climate Change
The status and quality of forests is critical beyond the sector, impacting water supply, animal
husbandry and livelihoods of forest dependent communities. It was shown in Table 2 and
Figures 5 and 6 that many forested grids of districts of Madhya Pradesh are likely to get
impacteddue to climate change. Thus, it is necessary to build resilience to reduce the impact
on forests and the forest dependent communities.Changes in forests are only partly driven
by climate. The response of forests to climate change would also be determined by
biological species richness, forest fragmentation and the level of disturbance. IPCC (2014)
has shown that other pressures such as habitat modiﬁcation, forest degradation, forest
fragmentation, invasive species, etc will exacerbate the impact of climate change
potentially leading to increased rates of extinction and loss of biodiversity.
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Forests have long gestation periods going up to centuries in responding to climate change
impacts. There is a lag in the forest response to changing climate. However, the impacts are
likely to be sooner and irreversible, for example, loss of biodiversity(Ravindranath 2007).
Given alarge dependence on forests for fuel-wood, fodder, non-timber forest products
andlivelihoods, it becomes important to consider adaptation to climate change in
planningand implementation of all forest developmental programmes.
There is no systematic research for developing adaptation strategies and practices to reduce
the vulnerability of forest ecosystems and biodiversity to climate change. Development of
adaptation practices through experimentation in silviculture and forest management would
take a long period. Thus potential largely “win-win” adaptation practices are presented
here.
Silvicultural practices
Anticipatory planting of species along latitude and altitude
Promote assisted natural regeneration and mixed species forestry
Promote in situ and ex situ conservation of genetic diversity, in particular of threatened species
Applying management techniques such as thinning, prescribed burning and selective cutting to
mitigate fire threats
Developing strategies to confront forest insects, pathogens, and invasive species
Undertaking landscape planning to minimise fire and insect damage (e.g. by introduction of
multi-species plantings and by reducing logging waste),
Altering silvicultural practices (i.e. shortened or extended rotation periods) and harvesting
patterns (i.e. reducing damage to remaining trees, and salvaging dead timber)
Develop drought and pest resistance varieties of commercial tree species
Taking account of traditional knowledge and cultural and spiritual values
Sustainable Forest Management and Forest Conservation
Develop and adopt sustainable forest management practices
Expand Protected Areas and link them wherever possible to promote migration of species
Conserve forests and reduce forest fragmentation to enable species migration
Forest Policies and Strategies
Forest planning and development programmes and policies may have to be altered to address the
likely impacts of climate change and appropriately adopt various policy and management practices to
minimize the adverse impacts and vulnerability. Examples of policies and strategies include:
Incorporate adaptation practices in forest planning both for the short and long term
Promote forest conservation since biodiversity rich forest are less vulnerable due to varying
temperature tolerance of plant species
Halt forest fragmentation to promote migration of species
Link protected areas and create corridors to promote migration
Promote community forest management to create long-term stake for communities in conserving
forests and biodiversity
Provide livelihood diversification opportunities to forest dependent communities, especially in the
most vulnerable districts
Build capacity in forest departments to develop and implement adaptation strategies and practices
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Mainstreaming adaptation in forest planning and management
Adaptation is the only way to deal with the inescapable impacts of climate change.
Therefore there is a need for dedicated efforts to mainstream adaptation. Once climate
change awareness and capacity begins to grow, integration of adaptation into national,
sectoral and local development plans can be initiated.Assessment of impacts of climate
change, development of vulnerability proﬁles and selection of appropriate adaptation
practices requires technical capacity in the forest department. It may be necessary to build
this capacity. The following approach may be adopted for mainstreaming adaptation in
forest planning and management:


Step 1:Select all the forest conservation and development programmes currently
being implemented or planned for the future



Step 2:Review the methods and procedures adopted in designing and
implementation of these programmes and projects



Step 3: Use the ﬁndings of studies such as these on impact of climate change and
develop vulnerability proﬁles



Step 4: Review the current silvicultural and forest management practices for their
implications for climate impacts and vulnerability



Step 5: Modify the existing practices or incorporate potential 'win-win' forest
management practices to reduce vulnerability to climate change impacts



Step 6: Organize consultation workshops with planners, administrators and experts
to select the appropriate adaptation practices and strategies for implementation



Step 7: Review the technical capacity of the institutions involved in planning,
implementation and monitoring of forest conservation and development
programmes for mainstreaming adaptation



Step 8:Initiate programmes to build capacity in the forest department at all levels



Step 9: Initiate programmes to create awareness about the potential impacts of
climate change in all stakeholders, in particular local communities who are also
exposed to climate change threats



Step 10: Initiate long-term research to study the response of forests to changing
climate as well as to identify climate resilient species, forest types and management
practices.
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Madhya Pradesh is one of the forest dominant states in India and according to dynamic
global vegetation modeling; signiﬁcant parts of forests in the state are likely to be impacted
by climate change even in the short-term period of 2030s. Thus there is a need for planning,
designing and implementation of adaptation measures to enable forest and forest dependent
communities to cope with the projected climate change impacts, especially since the
impacts on forests and biodiversity are irreversible.
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Climate Change Impacts on Water Resources of Madhya
Pradesh and Adaptation Options
A. K. Gosain and Sandhya Rao
Introduction
Water resources of an area are majorly dependent on the amount of precipitation it receives
and how we store and use the amount of wateravailable. Precipitation, temperature, runoff
and groundwater recharge are key variables controlling water availability. With
anincreasing population, a changing climate, and the expansion of human activity, water
management has unique and difﬁcult challenges. Our ability to adapt and cope with climate
variability and change depends on our understanding of the climate and howwe incorporate
this understanding into water resource management decisions by tracking, anticipating and
responding to the changes.Further, there is a need to determine those areas, communities
who will be most vulnerable to theprojected impacts of climate change. The capacity to
adapt to climate change is dependent on a wide variety of factors such as social,
political,economic, technological and institutional. The speciﬁc interaction of these factors
differs depending on the scale of analysis –from the level of the country down to the state,
district or from the level of the basin down to the catchment, watershed. This paper focuses
on the impacts of climate change on the state of Madhya Pradesh by performing the basin
level analysis and then translating the impacts onto the administrative boundaries of the
districts.Mechanism to arrive at some of the possible adaptation options has also been
discussed.
Major River Basins of Madhya Pradesh
Madhya Pradesh, a Central India state,has an area of 3,08,245 sq. km (9.38% of the land area
of the country) and lies between latitudes 21o 04'N and 26o 54'N, longitudes 74o 02'E and
82o 49'E. Madhya Pradesh consists largely of a plateau streaked with the hill ranges of the
Vindhyas and the Satpuras with the Chhattisgarh plains to the east.
Catchments of many rivers of India lie in Madhya Pradesh (Figure 1). The northern part of
the state drains largely into the Ganga basin and the southern part into the Godavari system.
The Narmada and Tapi rivers ﬂow from east to west.The Vindhyas form the southern
boundary of the Ganga basin, with the western part of the basin draining into the Yamuna
and the eastern part directly into the Ganga itself. All the rivers, which drain into the Ganga,
ﬂow from south to north, with the Chambal, Shipra, Kali Sindh, Parbati, Kuno, Sind, Betwa,
Dhasan and Ken rivers being the main tributaries of the Yamuna. The land drained by these
rivers is agriculturally rich, with the natural vegetation largely consisting of grass and
drydeciduous forest. The eastern part of the Ganga basin consists of the Son, the Tons and
the Rihand Rivers, with the Son being the major tributary. This is also the junction point of
the Satpura and the Vindhya ranges, with the Maikal Hills and Kaimur Hills being the
fulcrum.
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The forests here are much richer than the thorny forests of the northwestern part of Madhya
Pradesh. The Son is of great signiﬁcance in that it is the largest tributary going into the
Ganga from the south bank and arising out of the hills of Madhya Pradesh rather than from
the Himalayas.
The Narmada lows through a rift valley, with the Vindhyas marching along its
northern bank and the Satpuras along the southern. Its tributaries include the Banjar,
the Tawa, the Machna, the Denwa and the Sonbhardra rivers. The Tapi also lows
through a rift valley, the Narmada–Tapi systems carry an enormous volume of water
and provide drainage for almost a quarter of the land area of Madhya Pradesh.The
Indrawati, the Wainganga, the Wardha, the Pench, the Kanhan and Penganga rivers,
discharge an enormous volume of water into the Godavari system.
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Climate
Climate and its variation play a major role in deciding the available water resources of an
area temporally. Madhya Pradesh has a subtropical climate. Hot dry summer extends from
April to June followed by monsoon from July to September and winter months (November
to February) are cool and relatively dry. The average rainfall is about 1,370 mm (53.9 in). It
decreases from east to west. The south-eastern districts have the heaviest rainfall, with some
places receiving as much as 2,150 mm (84.6 in), while the western and north-western
districts receive 1,000 mm (39.4 in) or less.
Summer mean maximum temperature rises to about 42.5°C in northern Madhya Pradesh
and ranges from 40°C to 42.5°C. The average temperature during winters is as low as 10°C
in the north, while in the south it varies from 10°C to 15°C.

Landuse
The physiographic and the climatic factors considerably inﬂuence the landuse of an area.
There are 11 Agro-climatic zones in Madhya Pradesh reﬂecting the climatic diversityof the
state. Landuse in Madhya Pradesh (Figure 2) constitutes mainly of agriculture (52%), forest
(25%) and wasteland (10%).
Figure 2: Landuse of Madhya Pradesh
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Available Water Resources
The eastern and south-eastern part of Madhya Pradesh has more runoff because of relatively
higher rainfall, high gradient and occurrence of crystalline rocks in the major portion of the
area. The central part receives lesser rains and therefore proportionate decrease in runoff
water. Western part of Madhya Pradesh receives much less rain and hence runoff is less
relatively. Most of the streams are almost dry for 4 to 6 months in the year (Jan to June).
The total quantity of surface and ground water is distributed in different catchments areas of
Madhya Pradesh (Figure 1). Chambal – Betwa – Ken catchment (Watershed of Yamuna),
with catchment area of 1,25,080 sq.km has total available surface water of 45 cubic km and
total available ground water of 5 cubic km. Son catchment with total area of 54,255 sq.km,
has a total available surface water of 29.29 cubic km and total available ground water of 3.69
cubic km. Mahandadi catchment with total area of 87,387 sq.km, in the state has total
available surface water of 52.43 cubic km and total available ground water of 5.245 cubic
km. Narmada catchment with total area of 90715 sq.km, has total available surface water at
40.82 cubic km and total available ground water at 4.52 cubic km. Banganga and Pench
catchment with total area of 12,326 sq.km, has total available surface water at 4.53 cubic km
and total availableground water of 0.91 cubic km.

Demography
If the vunerability of climate change has to be translated to the admistrative units such as
districts, sub-districts, etc., then it is important to understand the demography of the state.
Madhya Pradesh is administratively divided into 10 divisions, 50 districts, 342 subdistricts, and 45,903 villages (Figure 3). The population of Madhya Pradesh is 7,25,97,565
million (2011 census), with a decadal growth rate of 20.3% and the population density is
236 people per square kilometre. More than 75% of state population resides in villages
whose main occupation is agriculture, while the rest of the population lives in towns. Indore
district is the most populated district. Number of females per thousand male (sex ratio) in
the state is 930 where as the literacy rate is 70.6%.z
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Figure 3: Administra ve setup of Madhya Pradesh

Agriculture
It is also important to understand the agricultural activity in the state, being the main stay of
economy of Madhya Pradesh and also the one that is very sensitive to the climate change.
About 74% population is rural, which directly or indirectly depends on agriculture. The
Agriculture and allied services contributes about 31% share in state economy and 71% of its
work force is directly engaged in agriculture. About 72% of cultivated area is subject to
rainfed agriculture. Low cropping intensity (135%) is prevalent in some parts of Madhya
Pradesh due to practice of keeping land fallow in kharif and taking only one crop on
residual/conserved moisture in rabi. Wheat is the main crop of rabi season. The other main
crops are pea, oilseeds, and gram. Agricultural production of the state is at present more than
16.0 million tonnes of food grains and about 5.7 million tonnes of oilseeds. Madhya Pradesh
is the highest producer of oilseeds and pulses in the country.
The net area under irrigation is 5.66 million hectare. Of this, 0.24 m.ha. is under paddy, 3.40
m.ha. under wheat, 1.08 m.ha. under pulses, 0.32 m.ha. under oilseeds, 0.19 m.ha. under
cotton, 0.23 m.ha. under spices, 18 m.ha. under fruits and vegetables and 0.55 m.ha. under
other crops. Government canals irrigate one million ha., non-government canals 1600 ha.,
tanks, 0.132 m.ha, wells 3.71 m.ha, and other sources irrigate 0.81 m.ha. There are 7.36
million holdings which operate 16.37 million hectares of land. Of the 15 million hectares
ofnet sown area, about 38 percent is irrigated. Surface water sources account for less
than 20 percent of the net irrigated area and the remaining is provided by
groundwater.
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Impact of climate change on water resources of Madhya Pradesh
Climate change has the potential to affect fundamental drivers of the hydrological cycle,
and consequently may have a large impact on the water resources. This in turn might affect
society in many ways andparticularly the sectors fully dependent on water. Climate change
will affect not only the state of resources but also the ways and magnitude of consumption.
Potential water resources management sector impacts are brieﬂy summarized as follows
(Sharma and Gosain, 2010):
1. Available water resources for municipal, industrial and agricultural use, navigation
support, hydropower and environmental ﬂows is a signiﬁcant concern. Potential
climate change impacts affecting water availability include changes in
precipitation amount, intensity, and timing; changes in evapotranspiration.
2. Water demand for irrigation may increase as transpiration increases in response to
higher temperatures.
3. Water quality is impacted by changing precipitation and temperature resulting from
climate change. Changes in water resources may affect chemical composition of
water in rivers and lakes.
4. Stormwater and wastewater infrastructure may need to include climate change
effects in their design and evaluation to improve performance under changing
water availability, water demand and water quality conditions.
5. Flood risk reduction structures, because of more frequent and more severe
ﬂooding. Reservoir water control plans may need to be adjusted to reﬂect new
ﬂoodregimes.
6. Drought results when precipitation is signiﬁcantly below normal, causing serious
hydrological imbalances that adversely affect land resource production systems.
7. Hydropower generation will be affected by changes in water resources where
impacts have already been reported.Hydropower production at facilities that are
operated to meet multiple objectives of ﬂood risk reduction, irrigation,domestic
and industrial water supply, ﬂow augmentation and water quality may be especially
vulnerable to climate change.
In order to work out the impact of climate change on the water resources of Madhya
Pradesh, it is important to understand the various issues about climate change.
Climate Change Scenarios
Global emission scenarios were ﬁrst developed by the IPCC in 1992 and were used in global
general circulation models to provide estimates for the full suite of greenhouse gases and the
potential impacts on climate change. Since then, there has been greater understanding of
possible future greenhouse gas emissions and climate change as well as considerable
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improvements in the general circulation models. The IPCC, developed a new set of
emissions scenarios, published in the IPCC Special Report on Emission Scenarios (IPCC
SRES, 2000). These scenarios provided input into the Third and Fourth Assessment Reports
and were the basis for evaluating climatic and environmental consequences of different
levels of future greenhouse gas emissions and for assessing alternative mitigation and
adaptation strategies. These scenarios refer to the predictions made for future conditions
mainly related to precipitation, sea level rise and temperature changes based on 'storylines'
of the alternate greenhouse gas emissions. There are four storylines (A1, A2, B1 and B2)
identifying alternate states of future economic and technological development that shall
take place over the next few decades (IPCC, 2007).
Climate models are mathematic models used to simulate the behaviour of climate system.
They incorporate information regarding climate processes, current climate variability and
the response of the climate to the human-induced drivers. These models range from simple
one dimensional models to complex three dimensional coupled models. The latter, known
as Global Circulation Models (GCM), incorporate oceanic and atmospheric physics and
dynamics. The GCMs represent the general circulation of the planetary atmosphere or
ocean. The GCMs are usually run at very coarse grid (about 30 X30) resolution. The
processes that are of more interest, such as precipitation, are highly inﬂuenced by the local
features namely orography and land use. These local characteristics are not properly
represented at the coarse scale of GCM and contribute to prediction errors on the impact of
climate change at the sub-grid scale. Therefore, these GCMs are strengthened with the
incorporation of local factors and downscaled, in general with a grid resolution of about
0.50X0.50 or ﬁner. The downscaling method can be of dynamic or statistical type. These
models are referred to as Regional Climate Models (RCM) and improve the quality of
climatic prediction for speciﬁc local areas.RCM provides climate information with useful
local details including realistic extreme events and also they simulate current climate more
realistically.
Projections with PRECIS RCM
PRECIS (Providing Regional Climates for Impact Studies) is one such RCM locatable over
any part of the globe (Noguer et al., 1998).PRECIS can be applied to generate detailed
climate change predictions and is used for vulnerability and adaptation studies and climate
research.
PRECIS is the Hadley Centre regional climate model, developed to run on a PC with a grid
resolution of 0.44° x 0.44°. High-resolution limited area model is driven at its lateral and
sea-surface boundaries by output from global coupled atmosphere-ocean (HadCM3) and
global atmospheric (HadAM3) general circulation models. PRECIS captures important
regional information on summer monsoon rainfall missing in its parent GCM simulations.
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Indian RCM PRECIS has been conﬁgured for a domain extending from about 1.5°N to
38°N and 56°E to 103°E. IPCC SRES A1B Scenario– Q14 Qump (Quantifying Uncertainty
in Model Predictions) for the time slices of present (1961–1990), mid century (2021-2050)
and end century (2071–2100) has been made available by IITM Pune.
The RCM grids for Madhya Pradesh that have been deployed to extract input to the
hydrological model SWAT for evaluating the impacts of climate change are shown in Figure
4.
4: PREC IS Data grids of Madhya Pradesh

Analysis of the PRECIS Climate Change Projection Data
The PRECIS data on precipitation, maximum and minimum temperature have been
analysed for present, mid-century and end-century scenarios forthe state of Madhya
Pradeshso as to depict the general trends in these variables. Inferences on the spatial
variations of these entities have been presented in Figure 5. Annual maximum temperature
is projected to increase by 1.80C and annual minimum temperature to increase by 2.30C
towards mid-century. The increase in annual maximum temperature is projected to be 3.50C
and annual
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minimum temperature by 4.70C towards end century respectively. Increase is projected for
average annual rainfall by 11.6% and 30.0% respectively for mid- and end-century
scenarios. It is important to emphasise that all these trends are applicable if the assumptions
of the A1B storyline are going to come true for the future.
Figure 5: Projected Change in mean annual precipita on and temperature in Madhya Pradesh

Under the A1B scenario, rainfall is projected to increase. Mean annual rainfall is projected to
increase by about 126 mm (12%) by mid-century and by about 326 mm (30%) by end-century
under the A1B scenario(Figure 6). Most of the increases occur in the monsoon period. There is a
slight decline in JF rainfall towards mid-century under the A1B scenario.
Analysis using the PRECIS simulations for future indicate an all-round warming over Madhya
Pradesh associated with increasing greenhouse gas concentrations. The mean minimum and
maximum temperature are expected to rise by mid-century ranges by 2.3°C and 1.9°C
respectively. Change for the same towards end century is projected to be around 4.8°C and 3.9°C
respectively. Increase in minimum temperature is projected to be marginally higher than the
increase in maximum temperature. Precipitation is projected to increase by about 11% and 30%
towards mid-century and end Century respectively. Furthermore, signiﬁcant increasing trend is
also observed for warm day/night and consecutive dry days whereas there has been a decreasing
trend for cool day/night, which effectively is indicating an overall warming.
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minimum temperature by 4.70C towards end century respectively. Increase is projected for
average annual rainfall by 11.6% and 30.0% respectively for mid- and end-century
scenarios. It is important to emphasise that all these trends are applicable if the assumptions
of the A1B storyline are going to come true for the future.
Figure 6: Characteristics of simulated seasonal and annual rainfall and temperature
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SWAT Hydrological modelling for Impact on Water Resources
An assessment of the impact of projected climate change on water resources in Madhya
Pradesh is made using the hydrologic model SWAT (Soil and Water Assessment Tool). The
SWAT model (Arnold et al., 1998, Neitsch et al., 2002) is a distributed parameter and
continuous time hydrological model, developed to predict the response to natural inputs as
well as the manmade interventions. The model (a) is physically based; (b) uses readily
available inputs; (c) is computationally efﬁcient to operate and (d) is capable of simulating
for long periods for computing the effects of management changes. The major advantage of
the SWAT model is that unlike the other conventional conceptual simulation models it does
not require much calibration and therefore can be used on ungauged watersheds.The model
requires information on terrain, soil proﬁle and landuse of the area as input. These three
entities are assumed to be static for future period as well.
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Spatial data and the source of data used for the study areas include:
·

Digital Elevation Model: SRTM, of 90 m resolution

·

Drainage Network – Hydroshed

·

Soil maps and associated soil characteristics (source: FAO Global soil)

· Land use (source: Global landuse)
The Hydro-Meteorological data pertaining to the river basinsof Madhya Pradesh required
for modelling, includes daily rainfall, maximum and minimum temperature, solar radiation,
relative humidity and wind speed. Climate Change PRECIS Regional Climate Model
outputs for Baseline (1961–1990, BL), near term or mid-century (2021-2050, MC) and long
term or end-century (2071-2100, EC) for A1B IPCC SRES scenario (Q14 QUMP
ensemble) has been used.
The climate change impact assessment on water resources of Madhya Pradesh has been
taken from the recent study conducted (Gosain et al, 2011) as part of the NATCOM Phase II
study of MoEF. For the purpose, analysis pertains to the modeling of River Ganga,
Narmada, Godavari, Tapi and Mahi using the hydrologic model SWAT has been used.
Discussion on the implications of climate change has been presented below using various
water balance components.
An increase in annual precipitation by about 11% (113 mm) by mid centuryhas been
projected that shall resultin increase in runoff. Evapotranspiration is projected to increase
by 4%. During the monsoon months (JJAS) increase in precipitation is projected to be about
14%, majority of this is expected to contribute to the stream ﬂow as surface runoff and the
rest is contributed to the ground water recharge. There is negligible change in
evapotranspiration. The indication is that in parts of the basin surface runoff would be
increased under the A1B mid century scenario (Figure 7). Similarly during the Rabi season
(OND), precipitation is projected to decrease by 5% resulting in decrease in ground water
recharge,but evapotranspiration is projected to increase by 3%.

http://srtm.csi.cgiar.org
http://hydrosheds.cr.usgs.gov/
http://www.lib.berkeley.edu/EART/fao.html
http://glcfapp.glcf.umd.edu:8080/esdi/index.jsp
NATCOM II – Unpublished report, 2011
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Figure 7: Change in w ater availability towards 2030s with respect to 1970s (IPCC SRES A1B scenario)in
Madhya Pradesh

Increase is projected in annual precipitation by about 29% towards the end century,
resulting in an increase in runoﬀ by 86%. Evapotranspiration is projected to increase
by 15 %. About 9% of this increase in precipitation is contributed to the ground water
recharge. The indication is that in parts of the basin surface runoﬀ would be increased
under the A1B end century scenario and would oﬀer opportunities for increased
water harvesting and groundwater recharge (Figure 8).
Maximum changes in rainfall is expected in parts of the basins of Godavari, Narmada
and Mahi, followed by Tapi and Ganga.
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Figure 8: Change in w ater availability towards 2080s with respect to 1970s (IPCC SRES A1B scenario)in
Madhya Pradesh

An attempt has been made to represent these changes in the water resources in the form of
an index that can be associated with the administrative boundaries of the state so that the
vulnerability can be expressed for these units for water managers and the policy makers to
use this analysis as feedback into the adaptation strategy as well as policy instruments.
Water Resource Index (WRI)
In order to quantify the impacts of climate change on water resources, Water Resources
Index, WRI is formulated which uses the following Water Resources Indicators for the
purpose.
Surface Water and Ground Water Availability:The impacts of climate change on
freshwater systems and their management are mainly due to the observed and projected
increase in temperature and precipitation variability. If areas (districts) have larger
availability of these water sources then it implies that theseare less vulnerable to climate
change impact.
Crop water stress (Actual Evapo-transpiration/Potential Evapo-transpiration):
Increasing crop water stress in a district is bad for the crops; hence it affects the yield of
crops.
Water Resource Index (WRI) across the 50 districts of Madhya Pradesh is constructed
using the above three water indicators. Principal Component Analysis on these indicators
and cluster analysis are performed to group the districts in four categories- very high, high,
moderate and low according to their degree of vulnerability.
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Baseline:Under the present (baseline) scenario, 13 districts belong to very high vulnerable
category. These are all in the South, South East and the South West part of Madhya Pradesh and
are Jhabua, Dhar, Barwani, East Nimar, West Nimar, Hoshangabad, Chhindwara, Harda,
Ratlam, Burhanpur ,Balaghat, Umaria and Seonidiastricts. Four districts lying in the North East
of Madhya Pradesh namely, Damoh, Satna, Panna and Chhatarpur and another one lying in the
North West namely Rajgarhare in the least vulnerable category. Water resources impact model
used to derive the required information shows that the crop water demand is low (due to
prevailing soil characteristics in these areas), hence higher water availability in these districts. It
is higher crop water stress which makes Jhabua, Dhar, Barwani, etc most vulnerable as can be
seen from the Figure 9 where all the water resource indicators cluster maps are drawn along with
the composite WRI map.
Mid century: Cluster result shows that Burhanpur, Seoni, Balaghat move to the high vulnerable
category in the end century from the very high vulnerability in the mid century indicating that
these districts are becoming less vulnerable in the end century as compared to mid century while
Indore and Dewas move to very high cluster from high in the baseline. Singraulimoves from high
vulnerability in baseline to least in midcentury whereas Rajgarh exhibit exactly the reverse of
this. Thus it is observed that for a few districts Water Resource vulnerability increases in the mid
century while for another few it decreases.
End Century:Cluster results show that Narsimhapur move to the high vulnerable category from
the very high vulnerability in the mid century as its adaptive capacity increases while the number
of districts in the least vulnerable category now increases to 14 from 5 in the baseline and mid
century. Morena, Gwalior, Bhind, Datia etc., come to the least cluster from moderate in the
midcentury. Thus it is observed that overall Water Resource vulnerability decreases in the end
century compared to the baseline and mid century.
Figure 9: Water Resources Index map showing low, moderate, high and very high cluster of districts in
Madhya Pradesh
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Adaptation Options for Climate Change
There are several water management options that might be considered to facilitate
adaptation to climate change including operational changes, demand management and
infrastructure changes. Climate change may translate into changed design and operational
assumptions for determining resource supplies, system demands, system performance
requirements and operational constraints. The strategy options available for consideration
will vary from system to system.
Some of the available options are presented below for adapting to climate change as it
occurs across various temporal and spatial scales. These options include the incorporation
of lessons from responses to climate variability into longer-term vulnerability reduction
efforts.
Operational changes make better use of existing water resources by building more
ﬂexibility into the response to climate change. Existing operating plans are based on the
historical climate such as ﬂood control rules based on historical ﬂood risk evaluations.
There may be beneﬁts from revising reservoir storage rules. Adaptation to climate change
also includes making coordinated use (conjunctive use) of surface water and groundwater
to optimize the use of both sources.
In the short term, water managers could increase the adaptive capacity to climate change
through increased operational ﬂexibility. One way could be through the use of intraseasonal to interannual climate forecasts. Much of the seasonal forecast skill is due to
predictions of the El Niño-related ﬂoods and the La Niña-related droughts that generally
led to severe socio-economic impacts.
Demand management is a strategy to make better use of water, reducing waste and
increasing efﬁciency. Reducing the demand for water has been advocated as a way to
reduce the vulnerability of water systems to climate change. Demand side management
balances water demands with limited available supplies by employing a more efﬁcient
allocation of existing supplies.
Infrastructure modiﬁcations include up-to-date maintenance, rehabilitation and
upgradation to ensure coping to a wider range of potential climate variability. One
important adaptation to a changing climate is the evaluation of the potential risk to
existing infrastructure, such as dams and levees, caused by possible increases in the
magnitude, frequency and duration of large ﬂoods.
Alternative strategies for meeting adaptation goals may need to be evaluated and may
result in modiﬁcation to infrastructure. All of these options have to be based on
comprehensive studies.
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Although scientiﬁc understanding of climate variability and climate change has expanded
dramatically, much of that information is lost on the public and on the water managers who
urgently need it to reduce risk. Most scientists have a limited understanding of the
information needs of stakeholders and of the political, institutional and economic contexts
of decisions. Educating stakeholders regarding characteristics of future climate change
relevant to the resource management activities has become an urgent need over the last
few years. In order to successfully meet this need, the scientiﬁc community must
understand thevulnerabilities to prospective climate change (both natural and human
caused); the impacts on water resources, demand and relevant quality characteristics; and
the types of information needed for incorporation into their longer-term decision-making
processes. Networks of researchers, including hydro-climatic and social scientists, should
actively seek more involvement with the water resources managers, take up activities to
address the needs of stakeholders, and commit to develop practical products and decisionsupport tools.
It is also pertinent to mention that still there is great deal of uncertainty in the future
projects on account of uncertainties in the future emission scenarios that derive the GCMs
and RCMs and in turn inﬂuence the outcomes that are used in the impacts models such as
SWAT model in the present case. Therefore, although we should make use of these studies
to develop a good understanding of the implications yet we shall need to tackle the
inherent uncertainties in some better manner so as to take up the adaptation options that
deal with the structural interventions. As of now we should engage with the non-structural
adaptation options to cope with the climate change implications to water resources.
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Agriculture in Madhya Pradesh: Impacts of climate change
and adaptation strategies
B. Venkateswarlu and V. U. M. Rao
Introduction
Agriculture is one of the most vulnerable sectors to climate change. Globally
there is great concern on the impact of climate change on agriculture, more so in
developing countries where large population depends on farming. In India too, agriculture
is identiﬁed as one of the priority sectors for investments on climate change adaptation. In
Madhya Pradesh, agriculture supports nearly 70 per cent of the rural population. With 72
per cent area under rainfed cultivation and predominance of small holders with low
adaptive capacity, agriculture sector is highly vulnerable to climate change. Therefore,
any climate change adaptation plan for the state should have agriculture sector at the
centre stage.
Current scenario
Though the ﬁrst green revolution has bypassed Madhya Pradesh, the state has
been witnessing very high growth in agriculture in recent years. During 2013-2014, MP
has recorded 25 per cent growth in production. The phenomenal performance has been
attributed to expansion in irrigation, farmer favorable policies, excellent market support /
procurement and ﬁnally efﬁcient delivery of extension services. Wheat, rice, soybean and
pulses are the major crops in the state. Madhya Pradesh has produced 193 lakh tones of
wheat, 50 lakh tones of soybean and 69.59 lakh tones of rice in 2013-2014. Madhya
Pradesh also produces nearly 50 lakh tones of pulses, of which bengal gram and red gram
are the most important. The state is a leader in soybean area and production.
Agriculture in Madhya Pradesh faces major challenges related to climate change
and climate variability. Besides, general problems related to decline in soil fertility and
ground water levels, climate related factors like droughts, excess rainfall, frost and
hailstorm are causing signiﬁcant year to year variation in production and productivity.
Large areas in the state, particularly in the western part are prone to droughts due to
uncertain rainfall, while the rice based cropping system in the eastern part records lower
productivity due to poor water management despite receiving relatively high rainfall. The
black soils in the state suffer from poor drainage and heavy rainfall in short period results
in water logging and yield reduction in soybean and pulses.
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Climate change: historical and future projections
District wise historical rainfall data analysis for the state showed divergent trends. Trend
analysis of daily rainfall data from 1961-2002 indicated a general declining pattern in all agroclimatic zones (MP SAPCC, 2012). However in the recent analysis carried out by All India Coordinated research project on agro meteorology at CRIDA (VUM Rao, unpublished) using IMD
data (1971-2012), there was no signiﬁcant trend in annual rainfall in majority districts.
1. Vice-Chancellor, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani 431 402 (MS)
2. Project Coordinator, All India Coordinated Project on Agro Meteorology, CRIDA, Hyderabad
(AP) However districts in the central and north east part show a marked decreasing trend. (Fig.1)
The trend is similar in kharif season. Rabi season did not show major change in rainfall except
few districts in south east. On the other hand, both minimum (Tmin) and maximum (Tmax)
temperatures have been rising signiﬁcantly in most part of the state in both the seasons. (Fig 1).
Historical trends show both Tmin during kharif and rabi are increasing across the state. Duhan et
al., (2013) reported that the annual, maximum and minimum temperatures increased by 0.6, 0.6
and 0.62 0C, respectively over the past 102 years (1901 to 2002). The warming was more
pronounced in winter than in summer. From crop growth point of view, minimum temperature is
more important. Increasing maximum temperature leads to more evapotranspiration where as
increase in minimum temperature affects reproductive performance of crops, particularly grain
ﬁlling.
Rainfall
Rainfall
(annual)

Min. Temp.
(annual)

Rainfall
(June-September)

Min. Temp.
(June-September)

(October-March)

Min. Temp.
(October-March)

Fig. 1 : Trends in rainfall (1971-2011) and minimum temperature (1971-2012) in Madhya
Pradesh
(Data source : Rainfall; IMD district wise data; Temperature : 0.5 degree CRU monthly
data converted into area weighted district)
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Climate change projection using PRECIS-A1B scenario for 2030 (2021-2050) indicate a
11.6 per cent increase in annual rainfall as compared to the base line (1961-1990). Most of this
increase is projected in the kharif season, where as in the long term i.e. by 2080 (2071-2098),
an increase in rainfall across the state is projected. However, this increased rainfall may also
cause more ﬂoods and soil erosion as Goswami et al (2006) in their analysis observed that
extreme rainfall events of above 100 mm are increasing in frequency as compared to moderate
events in central India including Madhya Pradesh. The model also projected an average
increase of 1.81 to 2.0 0C rise in daily maximum temperature and 2.0 to 2.40C rise in minimum
temperature by 2030 where as in the long term (2080), the temperature rise may go up to 4 0C in
the entire state. To summarize, Madhya Pradesh is likely to receive relatively more rainfall
than today in future but in more intense storms and a generalized warming across the state
which will have strong implications for crop production and water resources management.
Outline of impacts on agriculture
In short term, the impacts on agriculture will be more due to climate variability, i.e. inter
annual variation in rainfall, erratic distribution over time and space leading to frequent
droughts and ﬂoods. However in the long term, climate change impacts are likely to manifest
in terms of long dry spells, heavy rainfall in a short period and other extreme events like heat
waves and cold waves which will have compounding effect on agricultural production.
Warmer temperatures, in particular will impact crop growth and reproduction signiﬁcantly.
The impacts of excess/deﬁcit rainfall and warmer temperatures vary depending on the crop
and season. A generalized mechanism by which climate change is likely to impact key crops in
Madhya Pradesh is given in table 1.
Crop
Rice

Nature of impact
Water shortage in rainfed rice during kharif due to long dry
spells. Pollination and grain filling in transplanted rice to
be affected due to high temperature.

Wheat

Negative impacts of higher minimum temperature on grain
filling duration and grain size leading to reduced yields.

Soybean

High temperature during kharif to increase water demand
by crop canopy. Heavy rainfall events to cause water logging
and yield reduction.

Red gram

Heavy rainfall events during kharif to cause water logging
and impact yields.

Bengal gram

Higher minimum temperatures up to 1.5 to 2.0 0 C may
have beneficial effects in the short term, but greater
warming in long run may impact reproduction and seed
development.

Horticultural crops

Unseasonal rains, hailstorms and frost whose frequency is
likely to increase may cause physical damage impact quality
of produce and increase the incidence of pests and
diseases.
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Impacts on speciﬁc crops
Wheat, rice, soybean, red gram, bengal gram etc. are the major crops in Madhya
Pradesh. Wheat and bengal gram being the rabi crops are mainly affected by increased
temperature while the impact on kharif crops is essentially due to either excess or deﬁcit
rainfall. Globally, climate change impacts on crops are studied through simulation modeling.
Rainfall, temperature and other weather variables are projected for future periods depending
on different GHG emission scenarios. There are many uncertainties on such model out puts as
they are based on several assumptions. Nevertheless, it is the only approach to study future
impacts on agricultural crops. Based on the out puts of such modeling studies, the likely
impacts on major crops grown in Madhya Pradesh are summarized below.
Wheat : Many Indian and global studies using a variety of models (INFOCROP,
DSSAT) reported that rising minimum temperatures during maturity period may signiﬁcantly
reduce wheat yields in India including Madhya Pradesh (Naresh Kumar et al., 2014; Bapujirao
et al., 2015). The Central and South-Central region of the country may be more effected. The
average reduction in yields may range between 6 to 23 per cent by 2050 (Naresh Kumar et al.,
2014). Wheat yields are sensitive to higher minimum temperature during post anthesis period.
Durum wheat cultivars were more susceptible to heat stress as compared to aestivum cultivars
according to study carried out by IARI (NPCC, 2007). Madhya Pradesh is the leading state
growing durum wheat. Timely planting of wheat is key to reduce this vulnerability. However,
in large parts of the state where wheat is grown as a sequence crop after rice or soybean, the
planting may be delayed due to delayed sowing soybean / transplanting of rice when south
west monsoon onset is delayed. Therefore development of early maturing, heat tolerant wheat
lines is critical for tackling feature climate change impacts in the state. Other innovation may
include adoption of conservation agriculture systems where wheat is planted after harvest of
kharif crops without tillage. Prudent fertilizer and water management practices will further
enhance the adaptation.
Rice : InfoCrop rice model was applied to quantify the impact of climate change on
irrigated rice in the country (Naresh Kumar et al., 2013). On all India basis, irrigated rice yields
may decline by 4 % (2020) and 7 % (2050) where as, the yield decrease in rainfed rice will be
around 6 %. In Madhya Pradesh, the impact will be lower than the all India average at > 5 %.
Due to increased rainfall, the water availability to rainfed rice may increase in future which
may beneﬁt the crop, provided location speciﬁc scientiﬁc water management practices are
adopted. For irrigated rice crop in the state, improved genotypes and better agronomic
management will be crucial to adapt to the changing in climate.
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Soybean : Modeling studies carried out at Directorate of Soybean Research at Indore
using InfoCrop for A1B scenario indicated that in general soybean crop yields are expected to
increase in many parts of Madhya Pradesh in future due to projected increase in rainfall and
CO2 fertilization effects (NPCC, 2007). An average yield increase of 9-12 % is projected.
However, if the warming is more than the model projection, there could be some negative
effect on production besides the impacts of unseasonal heavy rainfall which might cause water
logging and yield reduction in a particular session. Rain water management is therefore key
for climate change adaptation in soybean. Similar, results were found in case of groundnut
which is another important oil seed crop.
Pulses : Detailed studies carried out on rainfed bengal gram using InfoCrop model
also indicated the likely increase in yields by 2030 to 2080 in the state (NPCC, 2007). The
average increase is projected be 24 % by 2030. This increase is attributed mainly to projected
increase in winter rains and elevated CO2 levels. Controlled experiments on bengal gram under
green house conditions (irrigated) indicated that increasing temperatures beyond 210 (26 / 16
0
C day / night) reduce bengal gram yields (Jumrani and Bhatia, 2014) indicating temperature
increase more than projected in the models might negatively impact this crop and therefore
breeding for heat tolerant varieties by improving reproductive efﬁciency is an essential part of
climate change adaptation strategy in this crop. Not many studies were carried out on red gram
through modeling. Red gram is a highly adapted pulse crop particularly for drought
conditions. However, with expected high intensity storms due to climate change, water
logging could emerge as a major production constraint in future. Rain water management
through land conﬁgurations like BBF to provide adequate drainage needs greater emphases in
this crop.
Horticulture : Mango, guava, banana,
oranges, papaya are some of the fruit crops grow in the
state. Potato and chills are also important vegetable
crops in some districts. While the long term impact of
climate change on these crops is unclear due to limited
studies on modeling, horticulture crops are known to
be highly vulnerable to extreme climate events like
heavy rainfall, heat wave, cold wave, frost, hailstorm
etc. Such factors can inﬂuence the yields through
delaying / advancing ﬂowering, fruit development,
fruit quality and most importantly increasing
incidence of pest and diseases. The most important
strategy for this sector will be putting in place a robust
pest / disease surveillance system along with close
monitoring of weather factors and promotion of
weather based crop insurance among farmers.
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Adaptation strategies
The impact of climate change are complex and no single strategy will address the issue
adequately. A combination technology and policy related interventions are required
(Venkateswarlu and Shankar, 2009). Considering the natural resources, cropping systems and
the projected climate scenario for the state, the following strategies are important.
•

Providing timely and micro level weather forecast to farmers along with appropriate agro
advisories.

•

Water management is the most crucial part of climate change adaptation in the state.
Efﬁcient use of irrigation water and in situ and ex-situ rain water harvesting are critical in
irrigated and rainfed agriculture, respectively.

•

Evolving crop varieties tolerant to multiple abiotic stresses (eg. heat, drought,
submergence etc.), through coordinated research efforts by public and private sector.

•

Promoting conservation agriculture and other practices to build soil organic carbon.

•

Formulate state speciﬁc weather based insurance policies and encourage farmers for
wider adoption of such products for minimizing losses during extreme events like heavy
rainfall, ﬂoods, hailstorm, heat wave, cold wave, frost etc.

•

Integrate climate change adaptation as a key component in all the development plans at
state level for agriculture sector. In other words, while any new policy is formulated
regarding the utilization of natural resources, energy use, and providing inputs to farmers
etc. its impact on climate change adaptation should be critically examined.

Conclusion

Madhya Pradesh Agriculture is showing robust growth in recent years, but the projected
climate change, particularly in medium and long term, is a major challenge for sustaining this
growth. The state should invest on research and development for evolving climate ready crop
varieties and promote prudent water management practices besides improving the advisory
services to farmers and encourage them to adopt weather based crop insurance.
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Urban Climate Change Initiatives in Madhya Pradesh
Usha P. Raghupathi andRohitVirmani

Introduction
Climate change is becoming an important factor in planning for economic growth and
development in India. Rapid urbanization in India has brought focus of the government
on urban climate change issues. Cities contribute to climate change and are also impacted
by climate change. Cities are engines of growth and any disruption to the economic
activities and social life in cities can have serious consequences for the economy of the
country.
At present, over 380 million people live in urban areas of the country and climate change is
likely to impact their lives and livelihoods.Many large cities in the country suffer from
pollution (air, water and land), congestion, inadequate basic services and poverty,
amongst others. India's urbanization is also characterised by peri-urban growth. These
areas grow in an unplanned manner and lack basic urban services. The impact of climate
change will be much worse for residents of these areas.Encroachment on green spaces,
cutting of trees, and occupation of river ﬂood plains are some of the common
characteristics of urban growth in India. The impact of such development path will be
severe and consequences can be disastrous with climate change. In the recent years many
cities have faced the problem of ﬂooding, extreme weather conditions such as heat waves,
cold waves, and have also faced severe water crisis. Therefore, building resilience of
cities to climate change is necessary and must be recognised by all planners and
administrators.
The Central Government has recognised that climate change will impact the country
adversely and that steps need to be taken to tackle the problem. This recognition led to
the launch of National Action Plan for Climate Change (NAPCC) in 2008. The
NAPCC has eight submissions and the National Mission on Sustainable Habitat
(NMSH) is one of them, which focuses on urban areas. This also indicates the
importance the Government
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attaches to urban areas and the initiatives that need to be taken to address climate change
impacts in urban areas.
NMSH focuses on promoting energy efﬁciency in buildings; urban waste management
and recycling, including generation of energy from waste; and modal shift to public
modes of transport leading to reduction in GHGs. Standards for different urban services
(water supply, sewerage, drainage, solid waste management) and urban planning were
prepared under NMSH. However, the mission has not made much progress.
Other programmes, such as the Urban-LEDS, funded by the European Commission, and
implemented by UN-Habitat and ICLEI, are helping cities take steps to move to low
carbon growth path by offering the selected local governments integrate low-carbon
strategies into different sectors of urban planning and development. Eight Indian cities
are participating in this programme. Thane and Rajkot are two Model Cities under this
programme and the other six cities are Coimbatore, Nagpur, Gwalior, Panaji, Shimla and
Pimpri-Chinchwad. These cities have implemented (and are implementing) projects in
energy, transport, water, and wastewater relating to mitigation and adaptation.
Action on addressing urban climate change issueshas been initiated in many states in the
country and Madhya Pradesh is one of them.
Madhya Pradesh and Climate Change
Madhya Pradesh has over 72.5 million people residing in urban areas (Census 2011) and
the proportion of urban population to total population is 27.6 per cent, up from 26.5 per
cent in 2001. Although Madhya Pradesh was one of the 'BIMARU' states in the 1980s and
90s, its economic growth improved after 2005 and ithas registered the country's highest
GDP growth rate of 11% in 2013-14(as per CSO data reported by Indian Express).
While embarking on the high economic growth path, the state has also realised the
threat that climate change poses to the economy and wellbeing of people. Madhya
Pradesh (MP) was one of the ﬁrst states to work on a State Action Plan on Climate
Change (SAPCC) in 2009. “MP has invested in planning processes associated with
climate change. The state has created a dedicated agency – the Climate Change Cell in
EPCO, and sought to build capacity in the area. In addition to the SAPCC, there are
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several other initiatives on climate change, supported by various donors, on both
mitigation and adaptation”.
EPCO has carried out a study on vulnerable zones in MP. The study predicts that 34
districts in the state may be affected by adverse climatic conditions in future (in the
business as usual scenario).As per the Indian Meteorological Department's (IMD) report
'State Level Climate Change Trends in India 2013', Madhya Pradesh has registered a
signiﬁcant increase in the annual maximum temperature between 1951 and 2010 with a
decreasing trend in the annual rainfall. Heat wave and heavy rainfall events are projected
to increase in the future, as per IPCC Assessment Report 5. The SAPCC indicates that the
average surface daily maximum temperature in MP, in the 2030s is projected to rise by
1.8-2.0oC while the minimum temperature may rise between 2.0oC to 2.4oC.
Indore leading climate change actions
Indore, one among the four major cities of Madhya Pradesh, has taken a lead in
implementing measures to become climate resilient.Indore is one of the core cities of the
Asian Cities Climate Change Resilience Network (ACCCRN) project. Under this
initiative a comprehensive risk assessment of the city was done. The assessment found
that water scarcity is the biggest risk in Indore today. The city has experienced explosive
growth of population and also temperature extremes. The city's water scarcity is also
because it is located on a higher elevation (ridge) than its surrounding areas, and is not a
natural recharge zone. The city's soil type is hard rock and basalt which have less water
holding capacity and therefore, the ground water levels are generally low.
However, poor drainage system and choked drainsis a cause of ﬂooding in the city,
affecting 40% of the area during heavy spells of rain. As per ACCCRN ﬁndings, the 2009
dengue epidemic was the result of ﬂooding in the city.
The city has undertaken projects to address water management from both supply and
demand side. The city gets water from Narmada which is 70 kms away. Rapid expansion
of the city has lead to loss of surface water bodies and reservoirs in the city. Indore is house
to 26 seasonal and perennial water bodies, which earlier used to support the water demand
from the city but now lie defunct or are completely lost to urbanization. Under ACCCRN
initiatives, Indore Municipal Corporation (IMC) and Indore Development Authority
(IDA), along with technical guidance from TARU Leading Edge Pvt. Ltd., aimed to
restorelakes through stakeholder involvement (including RWAs, real
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estate developers, etc.).An innovative idea of ﬂoating island has been introduced in the
lake Lasudia Mori, which has saplings growing on the top and their roots submerged in
water to reduce high nitrate and phosphate levels, increase dissolved oxygen and promote
aquatic life. This initiative also included solid waste management, as the upper catchment
of lakes and talabs were found to be choked and polluting water in the reservoirs.Rain
water harvesting structures at household level have been constructed in Ganesh Nagar,
which has ensured sustained ground water supply in dry season. Such water conservation
initiatives help the community manage water requirements even when the municipal
water supply is not continuous. Through these projectsthe city is demonstrating that water
scarcity can be managed effectively.
Indore city has also demonstrated how liquid waste can be treated and re-used to manage
water demand. The city supplies treated water of one grade only and it is used by
consumers for all potable and non-potable purposes. For judicious use of water and
reducing dependence on ground water supply, Kamla Nehru Zoological Park
implemented a decentralised waste water treatment plant, where most of the water usage
is for non-drinking purpose which does not require high quality water. The treatment plant
uses biological process to treat the water,isbased on gravity system and is low on energy
consumption. The capacity of the treatment is 50,000 litres per day. The treatment plant
can be replicated, and if need be, it can also be made completely underground. It is suitable
for old and new colonies develop within or outside of city limit having more than 30
families.
Indore is also implementing, on a pilot basis, the cool roof project, lead by TARU. This
pilot project aims to provide thermal comfort, during summer, to residents. Different
techniques of cooling, including reﬂective white paint, Chinese tiles, green roofs, etc. are
being used to bring down the temperature in the rooms. Based on the success of the
techniques, these will be used in different buildings to bring relief from heat and reduce
energy consumption in buildings. The poor will especially beneﬁt from such measures as
the pilot is also being undertaken for giving thermal comfort to the poor.
Other Initiatives in Madhya Pradesh
Such initiatives help municipalities in reducing their dependence on ground water and
surface water; this eventually also reduces pollution levels in water bodies. Other cities of
Madhya Pradesh have also taken initiatives that would help in building resilience. For
instance,the Municipal Corporation of Gwalior (MCG), in collaboration with AKC
Developers Ltd., has started managing its solid waste in an environment friendly manner.
The MCG collects the solid waste from households and transports it to a designated site
where the private player segregates and recycles the waste and makes
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compost of the wet waste. The remaining inert waste is sent to the landﬁll site. This
initiative can be replicated in other cities as wet waste when unscientiﬁcally disposed
pollutes the ground water as well as surface water. Methane capture from this process can
add value to the efforts being taken by Gwalior.
Focus on public transport has increased in Madhya Pradesh and the cities of Indore and
Bhopal are good examples. In the absence of a reliable public transport system people
either tend to use their own privatevehicles or use mini vans, tempos, auto rickshaw etc.
The Indore bus system, which is also cited as a good practice, has an added feature– a GPS
installed in buses. With the help of this, the actual position of the bus is known to the
operators, and the information of expected arrival of the bus on a certain route is displayed
at the bus stop. This is a very useful feature that adds reliability to the system.
Bhopal has a Bus Rapid Transit (BRT) system. The BRT route is 24 km. long and
connectsthe various parts of city to sub-urban 'Misrod' area atHoshangabad Road to
'Bairagarh' area at other end. Bhopal BRT system is identiﬁed as 'MyBus'. Currently
around 45,000 passengers use BRT daily and by the next year the number of users is
expected to increase to 1,00,000. These bus systems should help people move from
private modes of travel to public transport system, contributing to reduction in emissions.
Mitigation and Adaptation Strategiesin Cities of other States
India today is emerging as an economic power with concern for the environment,
including climate change. Many Indian cities have demonstrated that climate change
adaptation and mitigation can be mainstreamed. Cities have taken up projects in different
sectors like power, sanitation, public transport, water, health, etc.
The good and innovative practices in selected cities are discussed below:
Kolkata – Energy efﬁcient residential complex
At present, buildings use more than 30 percent of India's electricity; and two-thirds of the
buildings that will exist in India by 2030 are yet to be built. InKolkata,a huge residential
complex (SIRSA) has been made energy-efﬁcient by installing grid-connected solar
power panels.Ninety six ﬂats in the complex, including a guest house, its seven lifts, and
the 24-hour ﬁltered water supply system run on solar power.Moreover, this complexalso
supplies excess power to Calcutta Electric Supply
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Corporation. Instead of opting for battery-driven solar panels, grid-connected solar power
generation system was chosen, mainly for three reasons:
1. Capital cost of battery-supported system is about 80 per cent more;
2. Recurring cost of replacement of batteries is high; and
3. Disposal of used battery is hazardous.
By using solar power instead of conventional electricity, the project (at the residential
society SIRSA) has saved Rs 233,000, 52 tonnes of carbon emission and 284 kilolitres of
water till September 30, since its inception in February 2014. The plant at SIRSA can
generate 37.5 kilowatt of energy and till September 30, it produced 31,536 units of
power.The success of the solar plant at SIRSA has given rise to the idea of setting up a biogas plant by using the kitchen waste of the residents of SIRSA.
Tambaram – Bio-methanation from Sewage Gas in low income settlement
A project on Bio-methanationhas been undertaken by the Tambaram Municipality with its
own funds. Tambaram is a part of Chennai urban agglomeration. In this project the sewage
gas from a community toilet in a low-income settlement is connected to a community
kitchen in the same complex. The community toilets are at the rear and the community
kitchen in front. The gas provided in the kitchen is free and there are 12 gas stoves, with
one burner each. The women using the kitchenused to earlier purchase ﬁrewood or
kerosene for cooking which was expensive. The community awareness campaigns by the
municipality ensured that the community did not attach stigma to the sewage gas being
used in the kitchen. A shredder next to the kitchen shreds vegetable waste which is added
to the digester. The problem of open defecation prevalent in the settlement (Bharat Nagar
in ward no. 21) has been taken care of by this project which was inaugurated in June 2013.
Ahmedabad – Heat Action Plan
Ahmedabad is the ﬁrst city in South Asia to address the health issues arising from heat
waves. The Ahmedabad Municipal Corporation (AMC) has prepared and implemented a
comprehensive Heat Action Plan as heat waves are a regular summer phenomena in the
city. To address the heat induced health threats and mortality,a coalition was formed
comprising of the Ahmedabad Municipal Corporation, Indian Institute of Public Health –
Gandhinagar, Natural Resource Defence Council (NRDC), CDKN, Georgia Institute of
Technology and Indo-US Science and Technology Forum, along with other partners, by
preparing an early warning system and heat preparedness plan.
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The city appointed its health department to lead and coordinate with all the municipal
departments, collect and assess meteorological data, send health alerts in different
departments and media. The plan help in – a) increasing capacity of urban health centres to
address the health related problems during heat wave event ; b) Improving disaster
response planning in the city; c) improving communication with the government and with
the public ahead of heat wave event by issuing advance warning.
Surat - Urban Health and Climate Resilience Centre
Surat is a city that is prone to ﬂooding, prolonged water logging and .vector-borne
diseases. To deal with these problems the city established an Urban Health and Climate
Resilience Centre (UHCRC) with the main objective of improving urban health
management through evidence-based research. The centre will help in recording health
problems and minimizing health risks due to climate change. The main beneﬁt of
UHCRC isimproved prediction of epidemics which also helps prevent incidents leading
to epidemics. UHCRC was launched in March 2013 and functions under the health
department ofSurat Municipal Corporation.
Focus areas of UHCRC are development of vector borne and water borne disease
surveillance system; inter disciplinary research, convergence network development,
community and social inclusion in relation to climate change and disasters, training and
documentation of the practices.
Surat - End-to-end Early Warning System
Surat has set up an early warning system to warn the city about the release of water from
Ukai dam, which has caused ﬂoods in the city over the years. Before this system was put
in place, the city used to get just a few hours notice about the release of water from thedam
giving very little time for the city to prepare for the ﬂood. The early warning system has
developed a meteorological hydro reservoir modelsto improve reservoir operations for
ﬂood management at Ukai Dam. The models provide four days advance warning to the
city before ﬂood water from Ukai Dam enters the city.Setting up an end-to-end early
warning system has also helped the city administration take timely action in case of
extreme precipitation events. The citizens of Surat are also now well aware of the
measures they should take for dealing with ﬂoods, and the early warning system helps
them prepare for dealing with ﬂooding.
Gorakhpur –Urban Community Based Micro Resilience Model
Gorakhpur is one of the fastest growing cities in the mid-Gangetic plains but the
development of basic urban systems in the city has not kept pace with its growth.The
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city regularly faces the challenge of ﬂooding, waterlogging, and other water-related
problems.
To tackle these problems,an NGO, the Gorakhpur Environment Action Group (GEAG),
implemented two projects in the city –Peri-Urban Agriculture, and Ward Level Micro
Resilience Planning. The main objective of the Peri-Urban Agriculture project was to
make the existing livelihood(agriculture)of the villagers in these areasmore proﬁtable and
lucrative and discourage them from selling their land to developers, saving crucial open
spaces required to prevent ﬂooding in the area. GEAG has built the capacity of the village
communities by sensitizing them to the problem and informing them about the beneﬁts of
peri-urban agriculture by introducing them to ﬂood resistant agriculture andmixed
cropping. They have also been asked tobuild machaans (raised platform) to protect
seedlings from ﬂoods. These initiatives have helped the villagers save money (which they
earlier spent on maintaining the ﬁelds post ﬂoods) and signiﬁcantly reduce the losses
during ﬂoods. This has also prevented the villagers from selling their agriculture land to
developers.
The second project implemented by GEAG is Ward Level Micro Resilience Planning.
This project aimed at involving community in Mahewa Ward for solving ward level
problems. Resilience buildinginterventions were made in the ward in water andsanitation,
community health, drainage, agriculture,building (house, community toilet and school),
andlivelihood improvement for women.“The Mahewa ward micro resilience
planningdemonstrates ways to incorporate concerns of urbanvulnerabilities to climate
change in decentralisedplanning. The whole process of micro planning
andimplementation in the ward aimed at buildingresilience of various urban systems and
diverseagents (including ward level functionaries and localcommunity) to climate
variability manifested inform of recurrent ﬂooding and waterlogging”.
Thane: Energy Efﬁciency in Street Lights
Thane, since 2001, has achieved power saving in H.T. connections by providing
Automatic Power Factor Control panels. Energy saving achieved by microprocessor
based 3 phase cyclic switching timer: As a part of energy saving, Thane Municipal
Corporation has provided more than 170 microprocessor based 3 phase cyclic switching
units in streetlight panels for precisely switching ON/OFF of street lights considering
seasonal changes. This item has also been included in regular maintenance schedule of
street lighting.On an average, a minimum 30 % energy saving can be achieved through
this, though, the percentage of energy saving will vary as per the streetlight switching
ON/OFF pattern.Savings achieved about 15,00,000 units per
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annum. More saving is achieved due to reduction in maintenance expenditure due to
reduction in burning hours of lamps.
Rajkot: Energy saver Units for Street Lights
In 2011, RMC installed 27 (1 unit = approx. for 100 lights) energy savers at central road
with heavy trafﬁc. It has an intelligent control system which minimizes maintenance cost.
It has alert controls and it saves energy of 30% & above. The alteration of light has ceased
and no dark spots are there on road.
Rajkot: MSW processing plant
The Rajkot Municipal Corporation (RMC) set up a municipal solid waste processing
plant, with a capacity of 400 MT per day in 2005 under Public-Private Partnership (PPP)
model. The By-products of the plant include Bio-Fertilizer, Fluff (Green Coal),
Eco–bricks, Recyclable plastic, metal & others. RMC provided 12 hectares of land to the
private partner for setting up the plant. The capital investment in the plant was made by the
private company which bears the O&M cost. The plant utilizes nearly 85% to 90% of
waste and only leaves behind 10% to 15% of total waste as rejects. Improved
management of solid waste minimizes the ground water pollution.
Coimbatore: Wind-solar PV hybrid system in new bus stand
Coimbatore has installed a hybrid wind and solar photo-voltaic energy system at the
Coimbatore Mettupalayam bus stand, displaying the combined beneﬁts of both solar PV
and wind energy (3kW wind generator and 0.5 solar PV Panel).
The hybrid energy project has the following targets:
· To establish the hybrid energy system as a primary back-up power source for the
bus stand.
· To promote the usage and establish the importance of hybrid energy in the city.
· Emissions reduction from the bus stand.
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Panaji: Waste Wise (Waste education for school children)
“In order to educate Panaji's students about segregation at source and the responsible
disposal of household waste, the Corporation of the City of Panaji (CCP) launched 'Waste
Wise' initiative. The initiative involves the active participation of 10 Panaji-based high
schools, with around10,000 students coming forward to gather waste and dispose it at
collection centres near theirschools along with a corporate sponsor. The students will be
given a 'Waste Wise' passbook, wherea student will earn a stamp for bringing waste to the
centre. The stamps can then be redeemed toavail of gifts like bags, cycle, caps and so on.
CCP has identiﬁed spaces around the schools to set up the collection centres. The city
waste will be collected in a four-bin system with four different composting bins at the
centres. The bins are colour-coded, with grey for glass and metal, brown for paper and
cartons, orange for plastic and purple for thermocol, ceramics, rubber, leather, batteries
and tube lights. There are about 125 composting units across the city. Panaji generates 60
tonnes of waste every day. Waste is egregated to make bales, some of which is sent to a
cement plant in Karnataka, where they substitute the waste for coal to generate energy."
Bales are compressed blocks of garbage, made bya bale press machine, turning the loose
items into a squashed solid block”.
Shimla: Ban on Polythene Usage
In October 2009, Shimla imposed a ban on production, storage, use, sale and distribution
of all types of polythene bags made of nonbiodegradable materials. The government
mobilised citizens, tourists and traders to switch over to jute, paper and cotton bags. A
series of public campaigns kept the pressure on polythene users to discard plastic carry
bags. The government has now expanded the banned items list to includeother plastic
materials such as disposable plates, cups and glasses. Himachal Pradesh's polythene ban
won the Prime Minister's Award for Excellence in Public Administration for the year
2009-10.
Conclusion
Climate change and rapid urbanisation are changing the world today and citiesneed to
proactivelytake steps to address the emerging concerns. Much of the focus of
governments and cities is on mitigation aspects, but attention needs to be focussed on
adaptation and resilience aspects too. Indian cities are now beginning to understand the
impact of climate change on cities and also the contribution of cities to climate change.
Though few in number, Indian cities have started taking steps to address climate change
mitigation and adaptation and there area few examples cited in this
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Conclusion
Climate change and rapid urbanisation are changing the world today and citiesneed to
proactivelytake steps to address the emerging concerns. Much of the focus of
governments and cities is on mitigation aspects, but attention needs to be focussed on
adaptation and resilience aspects too. Indian cities are now beginning to understand the
impact of climate change on cities and also the contribution of cities to climate change.
Though few in number, Indian cities have started taking steps to address climate change
mitigation and adaptation and there area few examples cited in this
paper. There are huge opportunities available for innovation for tackling climate change
impacts and Indore in Madhya Pradesh stands out as an example for other cities to follow.

