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MESSAGE

Our country is facing many challenges including rapid economic growth. The phenomena of
climate change is one such challenge which has direct impact on all living organisms in an area and
various ecosystems, which are in fact, the life support systems for their sustenance. This threat
has originated from the accumulation of Green House Gases in the atmosphere which is the result
of human activities in the form of intensive industrial growth.
The State of Gujarat is very sensitive due to variations in climate, geomorphic condition and
maritime status. Kachchh being the largest district faces low rainfall, arid conditions and geosensitivity. Though there are rich natural resources, there are challenges for development and in
the living conditions.
I am sure this study report will serve as a handy tool for a number of stake holders including
decision makers in planning a development strategy keeping in view the outcome of this report.
I feel extremely happy that Gujarat Ecology Commission has come out with such a report which
will go a long way in taking due adaptation measures.

(Mangubhai Patel)
Minister
Tribal Welfare, Forest & Environment,
Government of Gujarat

MESSAGE

Climate change has two fold impacts on the area, increase in the temperature which ultimately
affects different weather parameters and Sea Level raise which affects the fragile coastal zone as
well as the Rann area in the district of Kachchh which is located as a lower lever. The conditions
become all the more aggravated due to industrial development and biotic interference. Enhanced
developmental activities have already started bringing the natural as well as human induced
systems under stress resulting in coastal erosion in another part of the coastal area almost 100 to
150 km away.
It is needless to emphasise that such trends are required to be understood in order to devise an
appropriate mitigation strategy.
It gives me immense pleasure that Gujarat Ecology Commission has published a document on the
effects of Climate change on Ecology of Kachchh district.
I am sure, this document will be useful for students, researchers, professors and other stakeholders
in understanding the trends of changing climate for the long term planning and a sustainable
development.

(Kiritsinh Rana)
Minister of State for
Forest & Environment,
Government of Gujarat

MESSAGE
The variety of life underpins our social and economic well-being and will become an increasingly
indispensible resource in the battle against climate change. However, our consumption and
production patterns are depriving ecosystems of their capacity to withstand climate change and
deliver the services we need from them. We need to act quickly and take advantage of existing
solutions to prevent irreversible damage to our planet. Natural ecosystems provide significant
opportunities to cut emissions dramatically and to preserve the adaptive potential of our biosphere.
As we understand more about the ways that climate change is impacting biodiversity, it becomes
clear that we cannot tackle the two crises separately. Their interdependence requires us to address
them together. We are already experiencing changing weather patterns impacting food production
and species migration. Fresh water scarcity is becoming even more acute in drought-stricken areas
and flooding may increasingly threaten our coastal communities and directly impact hundreds of
people each year. Conflict is increasing over strained ecosystems and local communities stand at a
risk of being forced to migrate from their homes.
I hope, this document will be able to cater to the requirement of understanding the impacts of
changing climate and taking appropriate action in mitigating its ill effects.

Dr. S. K. Nanda, IAS
Principal Secretary
Forest & Environment Department
Government of Gujarat

MESSAGE

Indian peninsula having longest coastline of the country is amenable to various threats
from climate change. As an example, anthropogenic emissions of greenhouse gases
affect the heat balance of the Earth, and the resulting changes in precipitation patterns,
temperature extremes and rising sea levels affect its ecosystem and environment.
The dynamic interaction between humans and climate is not new, but the scale of the
interaction has reached unprecedented proportions
The three hundred million plus population, presently living in the coastal belt of India, is
already stressing coastal resources. By 2050, coastal population could reach more than
double leading to pressures beyond recoverable levels. The Kachchh coastal district of
Gujarat stands at a larger risk that faced natural calamities due to climate changes.
Gujarat Ecology Commission has come up with a set of comprehensive information
which will be of great implication and enormous value. The aim of the project is to know
the changing pattern of the coastal biodiversity due to trends of changing climate and it
will be useful to prepare more focused plan to mitigate coastal disasters, improved risk
management through early warning system, disaster management plan for future by
taking forward substantive work.
I am sure this report will provide enough inspiration to all Social scientists, Policy
experts and lawyers who are studying human behavior in the face of change as a way to
improve how we make decisions, and the policy and legal tools we can use to implement
measures that address the climate challenges.
With best wishes,

E. Balagursamy, IFS
PCCF & Member Secretary
Gujarat Ecology Commission

FOREWORD
Climate change has received much attention in the last few years. There are experts
who are prophets of doom. There are others who feel they are crying wolf. The truth, as
it normally happens, is somewhere in the middle. Prudence, however, demands that we
look seriously at the changing climate and assess its implications for us.
It should be borne in mind that the process of climate change in most cases is slow
making the stakeholders complacent. This is a danger we must avoid. Sustained vigil in
this regard has to be a part of the policy regime. Citizens also have to be aware of the
implications of changes. Human being has great resilience and, given early warning,
he will find his own ways of adjustments and adaptation. Knowledge, and imparting
knowledge, is therefore important.
When my colleagues prepared the draft report it was excellent in terms of data and
broad conclusions. But I felt we should get an expert to look at it. I asked Professor Uriel
Safriel, a world authority on arid area ecology and a member of IPCC to look at the draft.
He was kind enough to spare time for us. He made some very valuable comments and
suggestions which have since been incorporated in this report. His two communications
on the subject are appended to this report to understand the larger issues.
The study of Eco-systems recommended by Professor Safriel deserves early attention.
I would like to compliment Gujarat Ecology Commission for taking the initiative to
prepare sub-regional reports on climate change. It will give us immense pleasure if our
report is found to be a model for emulating in other sub-regional reports.

Hasmukh Shah
Chairman
Gujarat Ecology Society, Vadodara

ACKOWLEDGEMENTS
The “Trends of changing climate and effects on Eco-environment of Kachchh District,
Gujarat” project has benefited from the inputs and contribution of many experts and
resource persons from academic community, organization and institution. Without their
co-operation and support, it was not possible to complete this project successfully.
Our special thanks to Prof Uriel Safriel, Team member of the 2nd and 3rd IPCC
Assessment Reports (Asia and Synthesis Chapters of WGII) and a Coordinating Lead
Author in the Millennium Ecosystem Assessment - “Dryland Systems” chapter and
“Desertification Synthesis” for his comments on the report. He was instrumental in
reshaping the look of the report.
We are thankful to Prof Jayshree De, Retd., Head Department of Geography,
M S University for critically evaluating the report and improving the final report.
We extend our gratitude, especially to the following Institutions and personnel:
1.

Gujarat Ecology Commission, Gandhinagar

2.

Industrial Extension Bureau (iNdexTb) Gandhinagar

3.

Gujarat Fisheries Statistics, Commissioner of Fisheries, Gandhinagar

4.

State Water Data Centre, Gandhinagar

5.

Gujarat Jalseva Training Institute (GJTI), Gandhinagar

6.

Gujarat Water Resources Development Corporation (GWRDC), Gandhinagar

7.

Gujarat Water Supply and Sewerage Board (GWSSB), Gandhinagar

8.

Taxation Department, Gandhinagar

9.

Gujarat Livestock Development Board, Gandhinagar

10.

India Meteorological Department

11.

Director of Census Operations, Gujarat

12.

Government Press, Laldarwaja, Ahmedabad

13.

Zilla Udhyog Bhavan, Bhuj

14.

Kachchh Zilla Panchayat, Statistical Department, Bhuj

15.

Kachchh Zilla Panchayat, Agricultural Department, Bhuj

16.

Gujarat State Disaster Management Authority

17.

Gujarat Agricultural University, Anand

18.

Maharaja Sayajirao University, Vadodara

19.

Dr. Devi Dayal, Central Arid Zone Research Institute (CAZRI), Kukma, Bhuj.

20.

Prof. Jayshree De (Retd. Professor Dept. of Geography, MSU)

21.

Dr. Bindoo Bhatt (Dept. of Geography, MSU)

22.

Dr. V. Vijay Kumar, Dr. S. F. Wesely Sundarraj, Dr. G.A. Thivakaran,
Dr. Pankaj N. Joshi, GUIDE

23.

Shri Shailesh Vyas, Satvik, Bhuj

24.

Dr. Yogesh Jadeja, ACT, Bhuj

25.

Shri Shreshtha Roy, Abhiyan, Bhuj

Last but not the least, we are thankful to the GES staff for their continuous support and
co-operation during the entire project.

Dr. Deepa Gavali
Dy. Director
Gujarat Ecology Society, Vadodara

CONTENTS
CONTENTS
List of figures
List of Tables
List of abbreviations
Executive Summary
SECTION 1: INTRODUCTION
1.
1.1
1.2
1.3
1.4
2
2.1
2.2
2.3
2.4
2.5
3
3.1
3.2
3.3
3.4
3.5
4
4.1
4.2
4.3
4.4
4.5
5
5.1
5.2
5.3
6
6.1

BACKGROUND
Rationale
Objective
Methodology
Statistical analysis
PALEO-ENVIRONMENT
Introduction
Seismo-tectonics in Kachchh
Geological History
Holocene events reported from Fluvial and Coastal Landforms
Archeological Evidences
SECTION 2: CURRENT STATUS AND TRENDS
CLIMATIC CHANGE
Temperature
Rainfall
Cyclones
Sea surface temperature
Tsunami
NATURAL RESOURCES
Ground water
Livestock
Agriculture
Ecosystem and Important species in Kachchh
Marine fish production in Kachchh
SECTION 3: FUTURE PROJECTIONS
CLIMATIC CHANGES
Rainfall
Natural Hazards
Changes in the Sea
CHANGES IN NATURAL RESOURCE BASE
Ground water – Recharge vs exploitation

Page
i
iii
iv
v
1
2
2
3
4
7
9
9
10
11
12
15
17
18
18
19
22
22
25
27
27
31
34
39
47
49
50
50
52
52
54
54

6.2
6.3
7
7.1
7.2
8
9

Grazing pressure
Agriculture
THREATENED BIODIVERSITY
Terrestrial Ecosystems
Marine ecosystem
POPULATION TRENDS
INDUSTRIAL GROWTH
SECTION 4: RECOMMENDATION FOR ADAPTATION TO
CLIMATE CHANGE
References
Annexure

55
58
61
61
65
67
69
73
78
84

Gujarat Ecology Commission |i

List of Figures
Fig 1
Fig 2
Fig 3
Fig 4
Fig 5
Fig 6
Fig 7
Fig 8
Fig. 9
Fig 10
Fig 11
Fig 12
Fig 13
Fig 14
Fig 15
Fig 16
Fig 17
Fig 18
Fig 19
Fig 20
Fig 21
Fig 22
Fig 23
Fig 24
Fig 25
Fig 26
Fig 27
Fig 28
Fig 29
Fig 30
Fig 31
Fig 32

Tectonic map of Kachchh
Yearly Mean Max & Min temperature trend for Kachchh (1891-2000)
Shows decadal trend in Mean Maximum and minimum temperature
Isohyte (in mm) for Kachchh region
Shows annual average rainfall for Kachchh
Shows Excess and Deficit rainfall years for
Kachchh District (1932-2010)
Decadal occurrences of Meteorological drought
The occurrence of drought, excessive and normal rain in
Kachchh, 1932-2010
Monthly mean SST and MEI Index in Kachchh
Warming of sea surface along the Indian coast
Segments along the Gulf of Kachchh coast for tsunami and
hazard risk.
Depth vs salinity at coastal stations of Mundra taluka
Depth vs salinity at coastal stations of Abdasa taluka
Depth vs salinity bordering Little Rann
Station near Kori creek
Trends in Livestock population vs Rainfall
Area under fodder cultivation from 1983 to 2009
Major livestock composition over the years (1962-2007)
Cattle Vs Buffalo ratio
Decline in Cattle to Buffalo ratio for Anjar Taluka
Area under net and gross irrigation
Area under well irrigation
Canal irrigation versus rainfall
Various crops grown during 1986
Various crops grown during 2009
Area under spices cultivation in Kachchh
Ecoregions of Gujarat
Mangrove area in Kachchh dsitrict
Talukawise magrove area in Kachchh
Marine Fish Production from Kachchh (1960-2007)
Increase in average rainfall in various talukas of Kachchh from
1985 to 2010.
ARIMA model of rainfall prediction in Kachchh

13
18
19
20
20
21
21
22
24
24
26
28
29
30
31
31
32
33
34
34
35
35
36
37
38
38
39
44
45
47
51
51

ii| Gujarat Ecology Commission

Fig 33
Fig 34
Fig 35
Fig 36
Fig 37
Fig 38
Fig 39
Fig 40
Fig 41
Fig 42
Fig 43
Fig 44

Fig 45
Fig 46
Fig 47
Fig 48
Fig 49
Fig 50
Fig 51
Fig 52
Fig 53
Fig 54

Sea surface temperature recorded in various oceans
Increasing trend of Sea level rise recorded at Kandla
Areas showing changes in groundwater depth
between 1997 and 2007
Areas showing changes in water quality between 1997 and 2007
Rainfall Vs Major Livestock analysis
Trends in total grazing land in Kachchh
Percentage share of livestock and availability of
grazing land (ha/animal).
Area under fodder cultivation from 1983 to 2009
Trends in area under cultivation for various talukas
from 1986 to 2009.
Crops grown during 1986 and 2009 in Lakhpat taluka
Respondents views on the degree of pest and locust
attack on crops
Respondents views on changes observed in onset of
flowering in horticulture crops and impact on productivity
resultant of change in climatic conditions.
Ecologically Important regions of Kachchh
Mangroves area in Kachchh based on Above Mean Sea Level
Estuarine and Fish breeding ground around Kori & Sir Creek
The population of Kachchh from 1891 to 2001 as per
census records.
The decadal percentage changes in the population
Stages of industrial clearances during pre- earthquake
and post-earthquake
Area under industrial estate in various talukas of
Kachchh (2006-07)
Number (decadal) of SSI units in Kachchh (1961 – 2007)
Industrial Park in Kachchh District
Investment in Kachchh

53
53
54
55
56
56
57
57
59
59
60

60
61
64
66
67
68
69
70
70
72
72

Gujarat Ecology Commission |iii

List of Tables
Table 1

Time series list of secondary data collected.

Table 2

Socio-economic survey carried out for following villages
of Kachchh distric

5
6

Table 3

A list of major earthquake events in Kachchh since the 1819

11

Table 4

Cyclone hitting Gujarat coast

22

Table 5

SST for the coral reef regions in the Indian Seas

25

Table 6

History of tsunami events along Gujarat coast

25

Table 7

Tsunami hazard risk of various part of the Kachchh Coast

26

Table 8

Five yearly Landuse classification for
Kachchh District (in ha), 1975 to 2003

36

Area under various ecosystems of Kachchh

40

Table 10 Talukawise density of mangroves in sq.km.

45

Table 11 Threatened species of wetlands in Kachchh

46

Table 12 Threatened species of wetlands in Kachchh

62

Table 13 Special Economic Zone proposed and notified in Kachchh

71

Table 9

iv| Gujarat Ecology Commission

List of abbreviations
ARIMA 		

Auto-Regressive Integrated Moving Average

CCA			

Culturable Command Area

DEPR		

Depression (upto 61 km/hr)

FMD			

Foot and Mouth Disease

GHG			

Green House Gases

GIDC			

Gujarat Industrial Development Corporation

GUIDE		

Gujarat Institute of Desert Ecology, Bhuj

ka BP		
M.S.L		
ME			
MEF			
MCM		
MoU			
NH			
ppm			
SEZ			
SH			
Sq Km		
SSI			
SSTR			
STR			
TDS			

Kilo years before present
Mean Sea Level
Methane emission
Methane Emission factor
Million Cubic Meter
Memorandum of understanding
National highway
Parts Per Million
Special-Economic Zone
State Highway
Square kilometer
Small Scale Industrial units
Severe strong Cyclone (88-117 km/hr)
Strong cyclone (60-87 Km/hr)
Total Dissolved solids

Gujarat Ecology Commission |v

Executive Summary
Kachchh is an important district in Gujarat, due to its uniqueness of climate and
geomorphology. The biodiversity it supports is varied and distinctive lives. The district
was not industrially developed due to harsh climatic condition, but the earthquake of
2001 has created a number of opportunities in the district resulting in growth in various
sectors like industries, urbanization, agriculture and dairy. The mitigation strategies in
the district needs to be devised in a manner to suite the climatic conditions and growth
in the region.
The major findings of the study on Kachchh’s changing climate are given below;
1.

The Ranns represent paleo gulf- delta environment of Holocene sea, which was at
its peak 6000 years back. Kachchh region was an island surrounded by water body
from all the side. Climate change has also played major role as about 2000 years
ago the onset of aridity affected the entire Indus-Nara-Luni system, reducing the
fresh water flow in their deltaic systems and the receding strandline in the Ranns.
The changes were further aggravated by the 1819 earthquake and the climate of
Kachchh became harsher.

2.

Kachchh experiences extreme climatic conditions. The summers are extremely
hot, whereas the winters are chilling. Some changes in the climate were observed
especially on temperature and rainfall. The mean maximum temperature of
Kachchh has increased by 0.5OC, while the mean minimum temperature has
declined by 0.5OC. The average rainfall of the district has increased with significant
increase in Nakhatrana and Lakhpat talukas.

3.

The frequency of cyclones hitting Kachchh district has increased since 1990 and
a total of 6 cyclones were recorded within a period of 10 years. Changes in upper
atmospheric strata and increase in Sea Surface temperature could be some of the
major reasons for the increased frequency cyclones in the region.

4.

Kachchh has witnessed four tsunami events and the latest one was the Makran
tsunami in 1945. Geomorphic studies classify Mandvi, Mundra and Kandla sections
as high risk to Tsunami events.

5.

The groundwater data has shown some changes in terms of quality and quantity.
The regions bordering the Gulf of Kachchh and the Great Rann of Kachchh (except
Lakhpat taluka) have shown degradation with high TDS values. Saline water from
the Ranns and Gulf areas, is infiltrating into the aquifers, due to overexploitation of
ground water. The areas in western and central Kachchh have shown deterioration
in water quality and are identified as critical areas.

6.

Livestock composition has changed in Kachchh and there is increase in population
of buffalo, sheep and goat that are resistant to drought conditions. There is increase
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in fodder cultivation to sustain the increase in livestock population especially the
buffalo.
7.

Agriculture is rain depended and the area under cultivation is directly correlated
with the rainfall in Kachchh. Increase in area under cultivation is observed in Abdasa,
Lakhpat and Mandvi Talukas, whereas Bhachau, Rapar and Mundra talukas have
shown decline in agriculture. In these talukas agriculture is dependent on rainfall
and underground water. There is change in the crops grown from cereals in earlier
times (25 years ago) towards cash crops like vegetables, spices and medicinal
crops in 2009. Increase in pest and insect attack is reported in horticulture crops
due to increase in rainfall and humidity causing loss to the yield.

8.

Based on ecosystem and the threatened species present in Kachchh, the ecological
important areas identified in Kachchh are Banni grasslands, Rann, Narayan Sarovar
Wild Life Sanctuary and the marine ecosystem. The increase in average rainfall has
benefited the grass diversity in Banni. The productivity of grass like Dichanthium
annulatum (Jinjvo) was low due to drought conditions, but the increase in
precipitation has increased the productivity of the grass which is an important
fodder for the cattle with the ability to enhance milk production.

9.

The breeding of greater flamingo is likely to be affected due to increased rainfall
and inflow of fresh water into the Ranns.

10.

Mangroves of the Kachchh region are adapted to very harsh environmental
conditions, with very low rainfall, high temperature, high rate of evapo¬transpiration
and exceptionally high salinity in both soil and water. Change in the climatic
conditions like increase in temperature would benefit the hardy colonizer like A.
marina, Acanthus illicifoius and Sueada spp.

11.

Increase in rainfall and water stagnation due to increase rainfall and increased
agricultural activity would affect the burrowing herpetofaunal species like Banded
Gecko (Cryptopodion kachhensis) and Spiny tailed lizard (Uromastix hardwickii).
These species at present are found in dried parts of Kachchh in Lakphat taluka.

Projections
1

The southern coastline of Kachchh will be experience more events of cyclones
accompanied with heavy rains.

2

With increase in rainfall ground water recharge is expected to increase. However,
over-exploitation of groundwater for agriculture purpose, industrial and domestic
purpose will result in salinity ingress in coastal talukas.

3

In case of grassland increase in rainfall would improve the grass availability. This
would have a positive impact as the cattle population would increase once again
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and the livestock composition will change back. But the presence of already huge
sheep and goat population will exert pressure on exiting grasslands.
4

Salinity ingress and market demand is expected to promote oil seeds and cash
crops and decline in food crops. Increase in rainfall would be detrimental for
horticulture crops

5

Increase in rainfall will affect the endemic arid species and also migratory species
visiting Kachchh. Increase in Sea surface temperature will affect the corals
population and their reproduction.

6

Most of the industrial development in planned in the coastal region that is prone
to tsunami and in case of any calamity would have a larger dimension of human
and property loss.

Recommendations
Adaptation will become an important part of the development agenda. Enhanced
protection and management of natural ecosystems and more sustainable management
of natural resources and agricultural crops can play a critical role in adaptation strategies.
Immediate strategies
These needs to be implemented for faster action on issues of climate change.
1.

Development of tsunami emergency plan and sophisticated coastal warning
systems. Since most of the development is taking place along the coast there is
immediate need of such a plan for Kachchh. (a) A series of meetings with various
stakeholders may be held to sensitize citizens to the issues in climate change and
its implications. (b) A programme for schools may be drawn up to prepare the
coming generation to intelligently and imaginatively adapt to climate change.

2.

A comprehensive strategy to be put in place for water management through.
(i) Water harvesting
(ii) A policy for ground water usage
(iii) Creation of barriers to prevent ingress of sea water in under ground aquifers
(iv) Creating larger storage capacity in the existing dams
(v) Monitoring of drinking water quality

3.

Improved risk management through early warning system (for events like rainfall
predictions, cyclones, droughts and pest attack), needs to be undertaken. Early
warning system for the farmers be set up and accordingly the farmers be advised
for postponement of sowing season or early sowing.
Accurate weather forecasting at taluka level on fortnightly/weekly basis to prevent
crop damage due to natural hazards.
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4.

There is need to recharge the ground water and have maximum utilization of the
runoff to sustain agriculture and human need. Ground water is the major source
of fresh water in Kachchh and dependency on ground water would increase in
years to come. Creation of fresh water barriers by recharging ground water in the
coastal aquifers to prevent salinity ingress, is essential.

5.

Proper monitoring should be under taken to prevent epidemics like malaria and
other water borne diseases. Increase in rainfall and humidity is bound to increase
water related diseases in the District.

Midterm strategies
6.

Awareness/training regarding the environment of Kachchh especially on natural
hazards and the ways to minimize damage to the industries and industrial workers.

7.

Integration of wetland conservation with development plans for better protection
and conservation of precious wetlands should be developed as wetlands are
important sinks of surface water in periods of heavy rain. The wetlands prevent
water-logging and also have capacity to fix carbon.

8.

The concept of green belt and eco-friendly houses to combat urban heat islands
need to be promoted and innovative construction technologies be used to
minimize impact of urban heat islands.

9.

Mangrove plantation needs to be carried out extensively in areas denuded
of vegetation. Constant monitoring of mangrove and sea level rise is required.
Increase in the mangrove area can be achieved by undertaking plantations in new
areas. Mangrove afforestation- would help to increase fishery production and
protect sea shores from cyclonic events in coastal areas.

10.

In animal husbandry, training needs to be provided to the locals on maintenance
of hygiene and water-logging free stall area to prevent outbreak of diseases. This
would be important especially when the buffalos are stall fed and there is increase
in humidity and temperature in Kachchh.

11.

Restoring the Banni grasslands for conservation of species 7. Strengthen research
for adaptive capacity: New varieties of agricultural crops have to be developed
based on the trend in the temperature or rainfall pattern of the region. Appropriate
mechanism for dissemination of weather, soil, water and agricultural data has
to be created. The extension cell of Agriculture University needs to gear up for
these purposes and presence of an office at every taluka headquarters is essential.
Climate of each taluka of Kachchh behaves differently and has different problems
and the same need to be addressed after thorough investigation. Promotion of
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less water depended crop species for conservation of ground water has to be
considered.
Long term strategies
12.

Crop insurance policy to be introduced so that the farmer is benefited in the
event of natural calamities in terms of drought or floods. The insurance should be
covered right from the sowing stage.

13.

Strengthen surveillance mechanism for various pests: Regular monitoring of
different pest attacking the food and fruit crops need to be done by the agriculture
department

14.

Action plan for conservation of species in the Ranns and Banni area as these areas
are prone to flooding due to natural drainage and slope of the mainland.

15.

Action plan for the salt pans workers as the water logging conditions in Rann
due to increase in rainfall would alter the salt production season and affect their
livelihood.

16.

Increase in rainfall would lead to water logging that would threaten the natural
habitats. The road should be designed in a way that the flow of water is not
obstructed. At present due to construction of roads at elevated levels and absence
of proper drainage system, natural flow of water is obstructed resulting in water
logging in certain areas destroying the habitat of burrowing herpetofauna, like
Uromastix hardwickii.

Euphorbia neriifolia L. (Thor)

SECTION - 1

INTRODUCTION
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Chapter - 1
BACKGROUND

1.1

Rationale

India is faced with the challenge of sustaining its rapid economic growth while dealing
with the global threat of climate change. This threat emanated from accumulated green
house gas emissions in the atmosphere, anthropogenically generated through long-term
and intensive industrial growth. India has an economy closely linked with the natural
resource base and climate sensitive sectors such as agriculture, water and forestry. India
may face a major threat because of projected changes in climate.
Gujarat is geo-climate sensitive state of the country due to its climatic extremes,
geomorphic setup and maritime influences. But the Kachchh district of the state is
unique in this respect, due to its oppressive weather, low rainfall, aridity,hostile terrain
and seismic instability. The single district covers almost 25% area and 20% of the states
coastline but supports just 3% of its population. Though, the region has been richly
endowed with natural resources, the associated risks make them hard to access. Such
an unusual resource-risk mix has long remained a challenge for development and living
conditions continued to be harsh.
Focus of the recent industrial development is based on its mineral deposits, marine
resources and sea transport. Post 2001 Bhuj-Quake tax holiday boosted industrial
development and population growth. In the MPSEZ (Mundra Special Economic Zone)
population registered a phenomenal growth of seven times from 15,000 in 1990, now
reaching 105,000. During the VGGIS-2007 (Vibrant Gujarat Global Investors’ Summit),
the MoUs signed to the order of Rs.100 Billion (USD 22B) speak of accelerating pace of
industrial activities.
It is interesting to observe that contrary to the ground scenario, the harsh living conditions
of the region have a significantly positive outcome on its human resource, imparting some
exceptional capabilities and making the people more sturdy, resilient and adventurous
to cope with any adversity. This has been proved by the Kachchhi Diasporas spread the
world over, who have so long helped sustaining the population through the ‘money order’
economy. This resource at local level, by providing suitable opportunity and training can
help meeting the new challenge. The recent blow of 2001 Bhuj Quake, exposed the indent
risks in the environment as well as the wealth of nature in terms of mineral, marine,
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energy and land resources. Its full potential is yet to be explored but just the initial working
is transforming the unfriendly ground scenario to a welcoming one, bringing a new luster
to life.
Climate change may affect the district in two ways; rising temperature affecting different
weather parameters and rising sea level affecting coastal zone and low level hinterland
of the Ranns and Banni. The combined impact of the sea and weather together with
the trends of human interventions would further aggravate the situation making it
more complex, not only for the district but also spreading over neighbouring areas. The
increasing developmental activities have already brought the natural and human induced
systems under stress. And the changing climate now affecting the weather, land and sea
would further raise the environmental threat. Trends of such a vicious cycle are therefore
required to be understood to help devising mitigation strategy.
At the juncture, it calls for strengthening the existing infrastructure to suit the local
geo-climatic change and at the same time to reorient the developmental approach. It is
therefore, imperative to diagnose the issues at the grass root level to help evolve problem
specific strategies in order to adapt and adjust to the imminent and eventual situations.
The present study was done with the following objectives:
1.2

Objective

1)

To study the prevailing local weather pattern in relation to the prevailing regional
climate as well as the global climatic scenario and also to review the changing
pattern from palaeoclimatic to neoclimatic times during the Anthropogenic Period.

2)

To obtain an overview of the evolution of the regional eco-environments in relation
to the interplay of the three primary components of the viz, the geospheres,
lithosphere, atmosphere and biosphere.

3)

To study the trend in the various climatic parameters and special weather phenomena
during the past century and make short term predictions and work out a long term
broad scenario.

4)

To review the role of climate and seismicity in relation to geomorphology and
landforms, in affecting ecosystems and biodiversity, resources and risks, development
and demography, etc.

5)

To review the development of the natural resources and identify the potentials
those are yet unexplored.

6)

To review the coping mechanism for both natural and human induced disasters.
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7)

To briefly review the phenomenon of global climate change and identify its influence
at the local scale at the district level.

8)

To assess the endemic biodiversity, endangered flora and fauna and identify the
changing trends in the different ecosystems.

9)

To understand and analyze the short term and long term climate change with
reference to national and global scenarios.

10)

To study and document the impact of the changing climate and the ongoing
developmental activities on the local ecosystems, environment, biodiversity and
society and to identify the ground indicators of the change.

11)

To draw a conceptual plan for the mitigation program and its adoption strategy in
the context of the state policy, National Action Plan for climate change and the UN
provisions.

1.3

Methodology

1.

Literature survey at libraries of M S University, S P University, Anand Agricultural
University and GUIDE, Bhuj was undertaken. Apart from these libraries internet
surfing was done to review the work done elsewhere in India and world.

2.

The secondary data was procured from the following Institutes:

•

Gujarat Ecological Commission, Gandhinagar

•

Zilla Agriculture department, Bhuj

•

Zilla Statistic department, Bhuj

•

Zilla Udhyog Bhavan, Bhuj

•

Gujarat Fishery Statistics, Gandhinagar

•

iNDEXTb, Gandhinagar

•

State water data centre, Gandhinagar

•

Gujarat JalsevaTraining Institute, Gandhinagar

•

‘Rahat Niyamak ni Kacheri’, Gandhinagar

•

Taxation department, Gandhinagar

•

Gujarat State Disaster Management Authority

•

Livestock census report

•

Kachchh district census handbook

•

Indian Meteorological Department
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The amount of secondary data collected is shown in the table 1:
Table 1 : Time series list of secondary data collected.
Sector
Temperature
Rainfall
Cyclone
Agriculture

Type of data
Average, Minimum and maximum
Taluka-wise and District trends
No of Rainy Days
Cyclone hit years
With their origin
Taluka-wise area under different crops
District-wise Area, Production and Yield in
Gujarat state
% area under cereals, pulses, oilseeds, cotton,
sugarcane (Taluka level)
Year wise area under Fodder cultivation (Taluka)
Taluka wise Soil Quality and Soil Degradation
N,P, K and Total consumption of Fertilizers
Major Crop Area n Production
Area irrigated by Govt. Canal, Tanks, Well

Time series
1891-2000
1932-2010
1970-85
1893-99
1891-2009
1983-84 to 2009-10
2004-05 to 2008 -09
75-80-85-90-95
1985-2009
1998, 2003, 2007
1991-2009
1971,75,80,85,86,
93,96,03

Small and Medium Irrigation Schemes
Land use
Taluka and District level Land use
70,75,80,85,90,95,03
Forest
Forest area (Sq Km) Taluka-wise
1994-95
Fishery
Marine Fish Production
1961-2007
Commercial Fishing (Species Detailed)
2005-06
Infrastructure List of Functional Estate, Functional Units, 1999-2000
Closed Units, Total Units
Small scale Industries Progress
1998- Sep 06
Land Acquired by GIDC
2005-2006
No of SSI
1961-70-80-90-952000-01-07
Talukawise Planned, Commissioned, Under 83-91, 91-00, 01 to 09
Implementation and Dropped Industries
Roads (NH,SH, District, Village)
71,75,80,85,90,
95,00,09
Livestock
Livestock population as per the livestock census 62-07
Ground
Water Depth Vs Salinity, Chlorides,
92,97,02,07
Water
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Population

Annual runoff from main rivers
No of oil engines and electric motors
Population Growth
Decadal % variation
No of Male and Female

1981-93
75,80,90,95
1891-2001
1891-2001
1891-2001

3.
Workshop was organized to finalise the methodology adopted for the study. Based
on the suggestions the climatic variables were identified based on the availability of the
data and the impact on various sectors was analysed.
4.
Primary data collection was done for the socio-economic survey and the perception
of locals on various climatic variables was obtained through a questionnaire in selected
villages of all talukas of Kachchh. A total of 75 villages were covered representing various
talukas (See table 2). One to one interaction was done.
Table 2: Socio-economic survey carried out for following villages of Kachchh district
Taluka
Mundra

Mandvi

Gandhi
dham
Bhachau

Village
Jarapara
Luni
Mudhva
Shekhdiya
Vadala
Tragadi
Gundiyali
Mandvi
Shirva
MotaLayja
Bala
Shinay

Taluka
Bhuj

Vandhiya
Lakhpat
JunaKataria
Nava Kataria
Lakadia
RamdevpirVadu
Khodasar
Vondh
Samkhyali

Village
Kukma
Ler
Madhapr
Mankuva
Deshalpar
Dhordo
Udhma
Gorewalli
Dhobrana
Khavda
Ludiya
Loria

Taluka
Abdasa

Rapar

MotiChher
Shinapar
Lakhpat
Dayapar
Dolatpar
Kotada (Math) Nakhat
rana
Bhadra
Sonalpur

Village
Ramvav
Vanku
Budiya
Jakhau
Bhanada
Momaya Farm
Mothala
Bhiamasar
Fatehgadh
Bela
Balasar
Ramvav
Dambhuda
Chitrod
Khirai
Kanmer
Ghaghodar
Manjal
Sanyra
Vithon
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Chobari
Shikara
Kumbhardi
Dholavira
Gadhada
Gharana
5.

Anjar

Sheh
Pipar
Mathda
Khedoi
Tuna

Nani Aral
Fulay
MotiKhombdi
Mevapadhar

Drought indexis calculated to show the severity of droughts. The formula used:

Drought Index = (Annual Rainfall of the year – Average rainfall for time series)
					
Standard Deviation of Rainfall for time series
The Drought Index value is interpreted based on the following:
Drought Index Value
>=0.4
More than -0.2 but <= -0.1
More than -0.5 but <= -0.2
More than -0.8 but <= -0.5
<= (-0.8)
-0.05 to 0.39

Interpretation
Excessive Rainfall
Light Drought
Moderate Drought
Severe Drought
Very severe Drought
Normal

The derived value of Drought Index can be compared to above chart and based on that
the year under observation can be classified into respective meteorological condition.
1.4

Statistical analysis

Statistical analysis was carried out using SPSS-14 version. Correlations for various variables
on the rainfall were carried out and significant changes indicated wherever applicable.
Trends observed in the secondary data were depicted using Microsoft 10 in the graphical
form.
The modelling on prediction of rainfall was carried out using ARIMA (Auto-Regressive
Integrated Moving Average).ARIMA is based on the fine-tuned versions of random-walk
and random-trend models: the fine-tuning consists of adding lags of the differenced series
and/or lags of the forecast errors to the prediction equation, as needed to remove any last
traces of autocorrelation from the forecast errors.The ARIMA analysis for rainfall (19322010) was performed using open source software named “XLSAT”. The accuracy level was
kept 95%.

Sterculia urens Roxb. (Kadayo)
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Chapter - 2
PALEO-ENVIRONMENT
•

2.1

Tectonic activity has remained the most dominating factor in shaping
the Kachchh and is still active.

Introduction

Kachchh is an ancient land possessed of great antiquity which takes its name from
its geographical characteristics and topographical features resembling a tortoise
(Kachchh), the name by which it has been referred to in the ancient literature, has been
defined by Mallinath as a marshy region or waste land.
2.1.1 Physiography
The Kachchh peninsula is divided into nine sub-micro regions, namely, Rann of Kachchh,
Dungar Upland, khadir Island, Banni Lowland, Rapar Stony Waste, Sathsaida Bet Coastal
Plain, Bhuj Upland and Creek Zone on the basis of topography climate, geology, soils and
natural vegetation.
1.

Rann of Kachchh is a salt flat and covers the entire northern and south- eastern
parts of the district occupying Rann of Kachchh and little Rann of Kachchh. It is
surrounded by Pakistan in north, by Rajasthan State in north-east and by the districts
of Banaskantha and Mehsana in east and Surendranagar districts in south-east. The
Arabian Sea adjoins the region on south, south-west and west respectively. The
entire region is low-lying and covered with tidal mud flats.During the monsoon, the
area is flooded with water to the depth from 0.3 to 0.91 m.

2.

The Upland region extends over the northern part of Bhujtaluka of the district. It
makes its limits with Rann of Kachchh in the east, north and west

3.

Banni Lowland in the south. The maximum height of the region is 458 m above
M.S.L. The northern part of the region is hilly and has dendritic type of drainage.
The elevation of the region ranges between 16 m and 232 m above.

4.

The Rapar stony waste region extends over the north-eastern part of the district,
occupying parts of Rapar and Bhachau talukas. It is bonded by BanniLowland in the
north, south and east and by Costal plain in the west. The elevation of the region
varies from 68 m and 203 m above M.S.L. Geologically, the region is composed
of Dwarka beds, Sub 0 Nummulitic beds, Umia series, Paccham, Chari and Katrol
series.
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5.

The Sathsaida Bet region covers the south-eastern part of the district, occupying
parts of Anjar taluka and Little Rann of Kachchh. Mangrove swamps are the main
characteristic of this region. The slope gradient is in the south-west direction

6.

The coastal plains spreads over the middle parts of the district, occupying Bhachau,
Nakhatrana, Anjar, Lakhpat, Mundra, Mandvi and Abdasatalukas. The maximum
altitude of the region is 161 m above M.S.L and the minimum elevation is between
3 to 15 m.

7.

The Bhuj Uplandregion spreads over the middle part of the district, occupying
Bhuj, Nakhatrana, Anjar, Lakhpat, Mundra, Mandvi and Abdasatalukas. The region
has the maximum elevation of 388 meters and the minimum of 30 m above M.S.L.

8.

The Creek Zone extends over the western part of the district, occupying talukas of
Lakhpat and Abdasa. The region comprises of islets and islands with an elevation
ranging from 5 m to 30 m above M.S.L.

9.

The hills, though of no great height, are one of the main natural features of Kachchh.
The hills are divided into three groups, (1) the hills of main land (2) the hills of
Vagad area and (3) Rann elevation in the north. Dhinodhar hill is 387 m high above
the mean sea level. Varar an isolated tabular steep sided hill, rises to 273 m. Kala
Dungar, is the highest point in kachchh and is 458 m.

2.1.2 Drainage
All the rivers or streams of Kachchh start from the central portion and flow towards the
sea, the Great Rann and the little Rann. The major rivers are the Kali, the Dhudud, the
Malan, the Khari, the Kankawati, the Kharod, the Kukmavti, the Nagmati, theBukhi etc.
2.2

Seismo-tectonics in Kachchh

Kachchh is seismically active area, falling in the highest magnitude zone of V,where
several devastating earthquakes have taken place (Table 3). It is because of the unstable
structural framework of the crustal part of the earth of the area. With the changing
climate and melting of the polar ice caps at fast rate, the isostatic balance of the crust
of the earth is apt to change causing the structurally weak areas to readjust. In such a
situation, Kachchh would experience the highest impact resulting in occurrence of higher
magnitude earthquakes more frequently. That in turn could cause the net sea level
change of much higher order than in the other structurally stable areas. In view of the
seismic vulnerability of the region such type of very specific likely impact of the climate
change for the area is a matter of concern and need to be closelystudied.
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Table 3: A list of major earthquake events in Kachchh since the 1819
Date - Time

Location
Mag & Intn

Details

27 Jun 1819

Bhuj

Accompanied by a loud noise

19 Apr 1845

Lakhpat

Sixty six shocks of which some were
destructive

31 Oct 1940

Dhrol-Jamnagar
VI.

area Maximum observed intensity This
earthquake might be the same as the
previous event reported in Kachchh for
which no date (day and month) or origin
times are available.

26 Jan 2001

Bhachau, Rapar

The most severe earthquake of the
centaury, felt all over the country, lead to
severe damage in Kachchh, Ahemdabad,
Jamnagar and Surat District. More
then 20000 people killed and 167000
reported injured. Total property damage
was around 500 billion rupees.

Richter scale 7.9

28 Jan 2001
01:02:10

2.3

Suvi-Rapar area, Mw
5.8:

A moderate to strong aftershock struck
Gujarat, at 06:32 AM local time causing
considerable panic in Gujarat. Tremors
were also felt in adjoining parts of
Maharashtra & Rajasthan.

Geological History

Formation of Kachchh goes back to early Mesozoic, when sediment deposition took
in a rifted basin (from early Mesozoic to late Cretaceous). This basin covers an area of
71,000 Km2 (Ministry of Petroleum and Natural Gas 1991). The basin contains over 3000
m of Mesozoic sedimentary rocks overlain by and 900 m of Cenozoic sediments (Biswas
1991). After a long period of erosion (unconfirmity) again sedimentation took place in
the Cenozoic (Tertiary and Quaternary). The upper Jurassic sandstones are potential
reservoir rocks and could be potentially suitable for CO2 storage. Such areas are identified
in eastern Kachchh (Biswas 1991).
During the Quaternary large part of the peninsula was subjected to erosional processes.
Majority of Quaternary sediments in the Kachchh are reported in Great Ranns of Kachchh,
Little Rann, Banni, fluvial and coastal landforms.
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The Ranns represent paleo gulf- delta environment of Holocene sea, which was at its
peak 6000 years back (Flanderian transgression). The last sea level rise corresponds to
the events of great floods of the medieval times (Fairbridge 1961). The transgression took
place through the Gulf of Kachchh creating a shallow marine environment. The shallow
sea environment of the past has been confirmed by presence of marine calcareous grit
and oyster beds at several meter above present sea level at Lakhpat (Oldham 1926),
Pachham island (Biswas and Deshpande 1970). Climate change has also played major
role as about 2000 years back onset of aridity affected entire Indus-Nara-Luni system,
reducing fresh water flow in their deltaic systems and the receding strandline in the
Ranns.The silt of the Great Rann indicates their source from the Indus and Nara rivers,
whereas silt of Little Rann shows strong affinity towards rivers of Gujarat (Glennie and
Evans 1976, Ghosh 1982, Roy 1973), which are mainly Luni-Rupen-Banas-Saraswati.
According to Bombay Gazetteer, when Alexander invaded India in 325 BC, he found the
Great Rann to form a vast navigable lake. The Gazetteer records also indicate that during
historical time, Great Rann was an arm of Arabian Sea having ports (eg. Lakhpat), entering
through the Kori Creek.
However it was only in 1819 when a major earthquake finally destroyed the Indus river
connection with Rann and Kori creek by forming the mound of Allah bund. Present-day
also this mound significantly controls the annual flooding of the Great Rann.
2.4

Holocene events reported from Fluvial and Coastal Landforms

The coastline of Kachchh displays varying geomorphic characteristics and landform
assemblages, all the coastal segments show features of emergence in response to
tectonic uplift during the last 2000 years (Figure 1).
The raised beaches, raised mudflats, estuarine tidal terraces, and stabilised
coastal dunes are attributed to the relatively stable sea level during mid–late Holocene.
The deposition of these features continued up to 2 ka BP as the Little Rann of Kachchh
further to the east remained submerged under 4–5-m-deep seawater until this time.
The emergence of these features is attributed to tectonic uplift of the coast during
the last 2 ka.
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Figure 1: Tectonic map of Kachchh

The coastline has been categorized in to five distinct segments on the basis of topographic,
geomorphologic, and geodynamic characteristics (Mauryaet al 2008). From west to
east, these are the Narayan Sarovar–Jakhau segment, the Jakhau– Khuada segment,
the Khuada–Bhada segment, the Bhada– Mundra segment, and the Mundra–Surajbari
segment. In the Narayan Sarovar–Jakhau and the Jakhau–Khuadasegments. Each unit
evolved distinctly reacting to processes that worked upon Holocene.
Narayan Sarovar–Jakhau Segment
The Narayan Sarovar–Jakhau coast is the westernmost segment of Kachchh coast.
The region was under marine flooding and submergence during the middle Holocene
high sea level indicated by the rocky cliffs of 10-15 m high and stabilised coastal dunes.
However, tectonic uplift of the region in the recent past indicated by the raised mudflats,
abandoned rocky cliffs, and the incised fluvial terraces along the rivers.
Jakhau–Khuada Segment
This segment shows a narrow zone of well-developed active beach–dune–lagoon
complexes and a 500-m wide intertidal zone. The major rivers joining the sea in this
segment are the Naira River and the Suthriwali River.
A major feature of this coastal segment is the occurrence of a gently seaward sloping
alluvial plain forming. Three distinct fluvial geomorphic surfaces (Mauryaet al., 2003),
belong to late Pleistocene age and mid–late Holocene age. The incision of these terraces
is attributed to a late-Holocene–recent phase of tectonic uplift (Mauryaet al., 2003).
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Khuada–Bhada Segment
In this segment Tertiary rocks, exposed right up to the coast, having peneplained erosional
surface known as the early Quaternary planation surface (Biswas, 1974). The various
rivers joining the sea in this coastal segment viz. the Kankavati, the Sai, and the Vengdi
rivers flow along 8–12m deep valleys incising through the various Tertiary formations.
The absence of late Pleistocene alluvial deposit suggests that this segment remained as
a geomorphic high during the Quaternary including Holocene.
Bhada–Mundra Segment
The main distinguishing characteristics of this coastal segment are wavy outline of
the coastline, wide intertidal mudflat zone with extensive mangroves, domination of
depositional landforms like spits and bars, and a well-developed coastal alluvial plain. The
coastline shows well-developed active beach–dune complex, especially around Mandvi.
The coastal zone near Mundra is characterized by a wide zone of intertidal flats and shows
evidence of emergence during very recent times. The emergence of coast is reflected by
the rapid degradation of mangrove swamps and rapid abandonment of ports during the
last 3–4 decades.
The Mundra port is known to be a major port of commercial importance in the historic
past. The relics of the oldest abandoned port are seen as the ruins of a warehouse and
are located about 8 km south of the Mundra town. This port is known to have been fully
operational up to the 1940s and was abandoned during the early 1970s. The area around
this port is now surrounded by extensive mudflats that are rarely submerged under tidal
waters and stumps of dead mangroves. A new port was developed about 8 km SSW of the
old port during the mid- and late 1970s. However, this port is also in the process of being
rapidly abandoned as it is now navigable only during high tides. The mangroves around
this port are also undergoing rapid degradation. A new port has been constructed in the
last decade, Adani Port, which is located about 3–4 km further south along the Navinal
Creek. The total distance from this port to the oldest abandoned port is about 12 km,
which points to rapid emergence of the coast in recent times.
The late Quaternary fluvial sequences forming a broad alluvial plain are most extensively
developed in this coastal segment. To the north, the alluvial plain is bordered by the early
Quaternary erosional surface developed over the pre-Quaternary rocks.
Mundra–Surajbari Segment
The Mundra–Surajbari segment forms the easternmost extremity of the Kachchh
coastline. Further east the coastline joins the northern margin of the Little Rann of
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Kachchh. This coastal segment is characterized by a significant narrowing of the intertidal
zone.
The study based on shallow cores of Rann sediments near Surajbari and Kharaghoda at
the southern margin of the Rann in Saurashtra. The early Holocene is represented by a
sandy layer extending from about 9000 to 4200 YBP, followed by a silty clay layer dating
from 4200 to 1500 YBP, above which lies the recent horizon of silty clay
2.5

Archeological Evidences

The Harappan site of Kanmer, is situated close to the Little Rann of Kachchh. The site
of Kanmer has preserved cultural evidence of Harappan, Early Historic and Medieval
periods (Deoet al 2010). On the basis of conventional 14C dates he Harappans appear to
have occupied this area around 5ka BP (Kharakwalet al., 2008).
These field observations suggest that the streamlets which are ephemeral today were
holding surface water for a longer period due to relatively wet climate prevalent in
the region (Singhvi and Kale 2009).The climate became relatively dry, during the Late
Holocene (sometime after 1.5ka BP), this changed the environment to what is existing
today.

SECTION - 2

CURRENT STATUS AND TRENDS
This section deals with the current state of variables having a direct or indirect
relation with the climatic variations. Not all the variables are governed by climatic
conditions, but are highly depended on the industrial policy of the State. This
section gives an overview on the present status and a trend over the past.
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Chapter - 3
CLIMATIC CHANGES
•

Kachchh climate is characterized by it aridity, low rainfall and
extreme temperatures

Kachchh climate is unique in Gujarat State as it is surrounded by Arabian Sea in the south
and the harsh Rann in the north and eastern boundary. The higher evaporation in the
Rann area influences the microclimate of the mainland making it arid and the cool sea
breeze makes it more comfortable weather in the coastal regions. The climate of this
district is characterized by hot summer and dryness in the non rainy season. The period
from March to May is the hottest and the temperature rises to more than 40°C. The cold
season is from December to February and experiences low temperature. Winds are light
to moderate and follow the pattern of Indian sub-continent.
3.1

Temperature

The analysis of the last 100 years (1891 to 1996) data on annual mean maximum and
minimum temperature showed that the mean maximum temperature increased by 0.5°C,
while the mean minimum temperature has declined by 0.5°C (Fig. 2).
Figure 2: Yearly Mean Max & Min temperature trend for Kachchh (1891-2000)

Source: IMD

The decadal fluctuation of mean maximum and mean minimum temperature showed a
significant raise in mean maximum temperature from the decade 1931-40 (Fig 3). However
the mean minimum temperature did not show any major change over the same decades.
This reflects a rise in the day temperatures.
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Figure 3: Shows decadal trend in Mean Maximum and minimum temperature

Source: IMD

Interactions with the locals indicate that there is decline in
severity of cold and the summers have become hot and humid.
3.2

Rainfall

The isohytes of Kachchh region (developed based on the rainfall data till 1986) show that
there is decline in rainfall as one moves towards the west. Lakhpat taluka at the western
end of Kachchh receives the least amount of rainfall in the district (Fig 4).
Subsequent analysis of the rainfall data from period of 1932 to 2010 showed that the
average rainfall increased (Fig 5). The period between 1932-50 received scanty rain and
the period between 1951-1980 received good rainfall. Again there was drastic decline
during the period 1981-90, when the region faced severe consecutive droughts. The
rainfall again improved after 1990.
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Fig 4:Isohyte (in mm) for Kachchh region

Source: Ecoregions of Gujarat, GEC

Fig 5: Shows annual average rainfall for Kachchh

Source: IMD and GSDMA

The statistical analysis of the rainfall in Kachchh for the years 1932-2010 (Figure 6),
where in the district mean is compared with the rainfall during that particular year.
During the study period (1932-2010 i.e, of 78 years) there were 11 years severe drought
conditions and 12 years of excess rains. The incidence of severe drought during the period
2001 – 2010 has occurred only once and the number of good rainy years is more, with 2
years of excessive rain.
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Figure 6: Shows Excess and Deficit rainfall years for Kachchh District (1932-2010)

Source: IMD and GSDMA

Based on annual rainfall, the years were categorized as Meteorological- light drought,
moderate drought, severe drought and very severe drought. The excessive rainfall years
were those when the rainfall was more than the +1 S.D. from average. The drought index
of Kachchh showed that the intensity of severe droughts was more during the decade
1961-70 and 1991-2000 (Fig 7). But the years, following the period of severe drought had
excessive rains e.g., 1971 -80 had 5 years of excessive rain and again 2001-2010 had 5
years of excessive rain.
Figure 7: Decadal occurrences of Meteorological drought

Source: IMD and GSDMA

For the entire period of 78 years (1932 to 2010) 50% of the years had period of drought of
different intensities and around 30% of the year were with excessive rainfall (Fig 8). This
scenario is typical to that of arid climate of Kachchh, but in the last decades (2000-2010)
the rainfall has increased and the drought years have come down.
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Fig 8: The occurrence of drought, excessive rain and
normal years in Kachchh (1932-2010)

Source: IMD and GSDMA

3.3

Cyclones

The rainfall pattern in Indian coast is governed by the cyclones and its intensity. The
different cyclones originating in Arabian Sea and moving towards the Saurashtra or
Kachchh coastline is shown in the Table 4. The interpretation of the data points out that
number of cyclones hitting Kachchh district has increased in period 1990 to 2010 and
a total of 10 cyclones were reported during this span of 20 years. Prior to 1990s, the
maximum number of cyclones recorded within a span of two decades was only 5.
The years of heavy rainfall is closely associated with cyclones during that year.
3.4

Sea surface temperature

Sea surface temperature prediction of Gulf of Kachchh by Vivekanandan et al 2008 has
indicated an increase in the temperature (Fig 9, 10, table 5). The study was based on the
intensity of coral bleaching observed in Gulf of Kachchh.
Table 4: Cyclone hitting Gujarat coast
Year
1893
1894
1896
1897
1897
1903
1909
1920
1925
1925
1926

Month
Nov
Oct
Nov
Jul
Sept
Jul
Sept
Jun
Jun
Jun
Spet

Intensity
STR-SSTR
SSTR
SSTR
DEPR
DEPR
STR
DEPR
SSTR
DEPR
DEPR
DEPR

Track follow
Veraval – Bhavnagar.
Jaffrabad - South Gujarat
Off Jaffrabad – Bhopal, Allahabad
Off Jaffrabad - Veraval-Gulf of Kachchh
Veraval – Off Dwaraka-NW
Off Jaffrabad – Veraval- N
Surat – Jaffrabad - Kandla-NW
Veraval - Ahmedabad
Off Veraval – Kandla
Bharuch – Bhavnagar – Okha
Veraval – N –W- N
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1933 May
DEPR
Veraval – N
1934 Oct
DEPR
Dissipated Off Jaffrabad
1935 Jun
DEPR
Gulf of Khambhat
1944 Aug
STR
Ahmedabad-Kandla-Off Jaffrabad-W
1944 Oct
DEPR
Pune-Mumbai-Off Jaffrabad -Ahmedabad
1947 Apr
SSTR
Arabian Sea-Bharuch-Along West Coast
1948 Sept
SSTR
Mumbai-Off Diu-Porbandar
1954 July
DEPR
Vadinar-Karanchi
1959 Oct
DEPR- STR Jaffrabad -Veraval- Arabian Sea-Oman
1960 Jul
DEPR
Off Dwaraka-Mandavi
1962 Sept
DEPR
Surat-Jafarabad-Dwaraka-Mandavi
1964 Aug
STR
Jafarabad
1969 Jun
DEPR
Jafarabad-Bhavnagar.
1973 Jul
DEPR
Veraval-Porbandar-Vadinar-North.
1975 Jun
DEPR
Okha west
1976 May
SSTR
Jafarabad-Ahmedabad.
1982 Nov
DEPR
Veraval-Ahmedabad-NE
1983 Jun
DEPR
Veraval-Rajkot
1985 Oct
DEPR
Jafarabad-W of Bhavnagar-Jafrabad- Surat NE
1989 Jun
DEPR
Junagadh-Rajkot-Navalakhi-Vadinar - NW
1996 Jun
SSTR
Kandla-Rajkot
1996 Oct
SSTR
Kandla-Veraval-Jafarabad
1998 Jun
SSTR
Porbandar-Jamnagar- Kandla
1999 Jun
SSTR
Porbandar-Dwarka-Nalia.
2001 May
SSTR
N-Saurashtra- Kachchh
2004 May
DEPR
NW off Maharashtra
2007 June
STR
NW Gujarat- Kachchh- Karachi
2009 June
DEPR
NW Saurastra- Kachchh
2010 June
SSTR
Off Sindh- Karachi_ Northern Kachchh
SSTR: 88-117km/h
DEPR: upto 60 km/h
STR: 60-87km/h
Source: GSDMA
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Fig. 9 Monthly mean SST and MEI Index in Kachchh

Note: the shaded area indicates MEI Index; arrow indicates the reported period of bleaching
(Vivekanandan et al 2008)

Figure 10: Warming of sea surface along the Indian coast

(Source: Rao and Vekateshwaran 2008, ICOADS and AVHRR data from
NOAA/NASA; the values near the vertical bar indicate SST, °C)

The increase in the sea temperature is likely to cause more cyclonic depression in the
area, bringing in more rains in Kachchh and neighbouring Pakistan. This is evident from
increase in cyclones hitting the Kachchh for the period 1990-2010.
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Table 5: SST for the coral reef regions in the Indian Seas
Region
Andaman
Nicobar
Lakshadweep
Gulf of Mannar
Gulf of Kachchh

Mean SST
28.6
28.7
28.71
28.28
26.10

SST
(rise in decade)
0.192
0.172
0.205
0.203
0.116

Max SST
32.15
32.00
32.05
31.00
30.85

Duration of
High SST (days)
52
45
38
80
33
(Vivekanandan et al. 2008)

3.5

Tsunami

Geomorphology and coastal configuration plays a vital role during Tsunami events. The
ability of different coastal landforms to respond tsunami surge is very much important
for vulnerability mapping of coast (Ballukraya 2004). Kachchh has witnessed four tsunami
events and the latest one was the Makran tsunami in 1945 (Table 6) (Bhatt et. al., 2009).
The Makran tsunami caused tidal waves upto 11-11.5 m in Kachchh (Pararas-Carayannis
2006). Murty and Rao (2006) calculated maximum possible amplitude of tsunami waves
along the Indian coastline and suggested it to be 15m in the Gulf of Kachchh.
Table 6: History of tsunami events along Gujarat coast
Year
326 BC
1008
1524
1618
May 1668
June 16, 1819
1845
28-Nov-45

Point of Origin/ Intensity
Indus Delta
Iranian Coast
Dabhol
Offshore of Mumbai
Samaji - Delta of Indus
Rann of Kachchh
Rann of Kachchh
Makransubduction zone

Affected location
Kachchh
India
Mumbai
West coast of India
Indus Delta
Rann of Kachchh
Kachchh
West coast of India up to Karwar

The entire Kachchh coastline was divided into 6 sections (Fig 11) and the tsunami risk
associated in each section is described (Table 7).
Segment 3, 4 and 6 have been categorized as high risk tsunami zone. Further, this region
has also shown increase in rainfall and there is risk of cyclone hitting this coast. Due to
industrial growth there is demand for water for various purposes and this region has
shown depletion of round water along with increase in salinity.
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Fig 11: Segments along the Gulf of Kachchh coast for tsunami and hazard risk

Shukla et al., 2010

Table 7: Tsunami hazard risk of various part of the Kachchh Coast
Nature of Coast
Wave Dominating Coast
Mix-Wave and Tide
Dominating Coast
Tide Dominating Coast

Coastal Stretch
(Approximate length)
1. Jakhau to Suthari (30Km)
2. Suthari to Kanthada (40Km)
3. Kanthada to RawalPir (15 Km)
4. RawalPir to Mundra (40Km)
5. Mundra to Tuna (45km)
6. Tuna to Kandla (15Km)

Risk Category
Medium
Medium
High
High
Medium
High
Source: Shukla et al., 2010

Thus this section is very critical and important and strategies need to be developed in a
manner to tackle all these changes.
Segment 1, 2 and 5 has medium risk from tsunami. Mundra SEZ at present is lying in
medium risk tsunami risk but studies how that the presence of coastal creeks and streams
are capable of causing damage inside the land.
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Chapter - 4
NATURAL RESOURCES
•
•

Scarcity of natural resources has remained a typical character of the region.
Native species and population survived with minimumneeds.

Over the years several natural and anthropogenic factors have affected the natural
resource status of the Kachchh.
4.1

Ground water

The ground water status was assessed in terms of depth and TDS (Total Dissolved solids)
obtained for various stations at taluka level for 1992, 1997, 2002 and 2007. The trends
obtained for various talukas are discussed briefly.
Mundra taluka
Mundra taluka is a coastal taluka and the TDS ranges from 2000 ppm to 3000 ppm. This
water quality is unfit for drinking as well as for agriculture. The water table has touched
50 m below ground, indicating over exploitation of ground water and resultant salinity
ingress (Fig 12). The average rainfall of the taluka is 408.7 mm. The rainfall in the region
was above the average in the period 2006-10. The increased
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Fig 12: Depth vs salinity at coastal stations
(Bhujpar, Gundala, Mundra Tunda) of Mundra taluka

Source: SWDC

amount of precipitation does not have any impact on the ground water table or reduction
in salinity. This is due to overuse of ground water for irrigation, post 2001 earthquake.
Mandvi Taluka
Mandvi taluka is also coastal region bordering Mundrataluka. In this taluka also the
trends are similar to Mundrataluka and the TDS has touched 3000 ppm and the depth has
reached 40 m pointing towards salinity ingress in lower aquifers due to overdrawing of
ground water. There is increase in rainfall in the area but intensification of agriculture has
depleted the ground water resource.
Abdasa Taluka
The trend in Abdasa taluka is quite different and though there is improvement in the
ground water level, but the salinity has increased simultaneously, which is due to
salinity ingress in shallow aquifers (Fig 13). The TDS has reached 3000 ppm. The average
rainfall of the taluka is 371.67 mm and there is a slight increase in the rainfall by (17%)
from 1932 to 2010.
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Fig 13: Depth vs salinity at coastal stations
(Bhavanipura, Hajapar, Naliya) of Abdasa taluka

Source: SWDC

Bhuj Taluka
In Bhuj Taluka the TDS and ground water level have remained stable around 2000 ppm
and 24 m depth respectively. Due to drought years depletion was observed in 2002, but
the situation improved in 2007 attributed to good rainfall in the area. However within the
various stations salinity ingress and water quality deterioration is observed at Kunariya in
Khadirbeyt (where, salinity has touched 7000 ppm).
Rapar Taluka
Rapar taluka is bordered by Great and Little Rann. There is improvement in the water
quality and TDS has reduced from 4000 ppm to 3000 ppm and the water depth has raised
from 12 m in 1997 to 7 m in 2007 (Fig 14). The increase in rainfall from 80 mm in 2002 to
450 mm in 2007 had positive effect on the ground water table and led to increase in water
table. The good rainfall has contributed to improvement in water conditions. However
stations bordering Great Rann are facing increase in salinity (touching 5000 ppm in 2007).
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Fig 14: Depth vs salinity bordering Little Rann
(Adesar, Bhimsar, Desalpar, Fateghar, Mevasa, Palasava, Khirai)

Source: SWDC

Bhachau Taluka
Bhachau taluka has shown two distinct trends viz., (1) the stations bordering the Great
Rann have salinity touching 2000 ppm with a depth of 55m (2) Stations in the central part
has shown improvement in the ground water table. In this taluka also the average rainfall
after 2002 has increased, that has positively affected the ground water quality.
Lakhpat Taluka
Almost all stations of Lakhpat taluka are experiencing improvement in ground water quality
(from 2500 ppm in 1997 to below 2000 ppm in 2007). But there is increase in the depth
from 3 m in 1997 to 9 m in 2007 (Fig 15). This may be due to several factors. Firstly, most
of the wells are in recent to sub recent formations. Secondly, increase in rainfall, changed
geological conditions (post 2001 EQ) and reactivation of some of the paleo-channels
leading to increased fresh water runoff from Indus distributaries in western Rann.
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Fig 15: Station near Kori creek
(Chhermoti, Ghaduli, Lakhpat, Narayan sarovar, Panandhro, Piper)

Source: SWDC

Nakhtrana Taluka
In Nakhatranataluka two types of ground water scenario was observed.
Scenario I, where the western side of Nakhatrana there is degradation in water quality
reaching upto 2000 ppm and the depth touching 40 m. Scenario II, In the eastern and
southern region there is improvement in ground water quality from 5000 ppm in 1997 to
3000 ppm in 2007. These variations observed is due to difference in geological strata, the
former is cretaceous in origin, while the latter is in deccan trap and sub recent formation.
4.2

Livestock

Livestock rearing is an important occupation for arid district, Kachchh. The total livestock
population in Kachchh increased from 94,097 in 1962 to 1,707,279 in 2007, increased by
18 times in span of 45 years (Fig 16).
Figure 16: Trends in Livestock population vs Rainfall

Source: Directorate of Livestock census; 1961, 1972, 1977, 1982, 1992, 1997, 2003, 2007
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The trend in livestock population is closely associated with the years of good rains. During
the years of severe drought in 1977, the livestock population declined and rose again in
1982, when the rainfall was above average. Another interesting trend observed was that
after 1982, inspite of drought years the livestock population declined only by 10%. Post
1992 the total livestock showed an increase in population by 10% per year. Availability
of agricultural byproduct and production of fodder due to promotion of irrigation is
sustaining the livestock during the drought years and has made the locals less reliable on
the extremities of the weather condition in Kachchh.
Fodder cultivation in Kachchh showed increase in area from 1985 onwards (Fig 17). This
is due to steps taken by the government to combat regular droughts in the region. The
increase in area under fodder cultivation also point towards the change in livestock rearing
practices from grazing in the open to stall feeding and make themselves self sufficient in
fodder to substance the drought years. The daily requirement of fodder for buffalo is 10%
of its weight, thus an increase in buffalo population means increase in demands of fodder
and the locals. The green fodder is used during the summers.
Figure 17: Area under fodder cultivation from 1983 to 2009

Source: District Agriculture Department, Bhuj
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To look into the trends of livestock composition, the available data on total livestock
was grouped into cattle, buffalo, goats and sheep and others (horses, donkeys, camels
and mules). In 1962, cattle accounted for major share (49.1%) in the total livestock
composition, followed by goat (21.4%), sheep (19.3%) and buffalo contributed only 8.6%.
But in subsequent years, the population of goat and sheep increased in Kachchh, with
simultaneous decline in the population of cattle (Figure 18). However, buffalo population
increased steadily over the years, after 1977.
Rise in sheep and goat population was recorded after 1977 livestock census, coinciding
with the drought years of Kachchh for the period 1980-90. Kachchh had regular cycles of
drought years and it was easy to maintain sheep and goat, rather than cattle or buffalo.
Sheep and goat are ground browsers and can survive on less green cover and leaves of
Prosopis juliflora.
Figure 18: Major livestock composition over the years (1962-2007)

Source: Directorate of Livestock census; 1961, 1972, 1977, 1982, 1992, 1997, 2003, 2007

Cattle to buffalo ratio in the Kachchh region is indicated in the figure 19. A decline in
cattle to buffalo ratio from 5.7 in 1962 to 1.8 in 2007 (Fig 19) is evident. Other factors
contributing to this change in livestock composition is susceptibility of cattle to Prosopis
juliflora, decline in grazing land, less inclination towards pastoralism by young generation
and promotion of dairy industry in Kachchh.
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Figure 19: Cattle Vs Buffalo ratio
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Source: Directorate of Livestock census; 1961, 1972, 1977, 1982, 1992, 1997, 2001, 2003, 2007

Among the different talukas in Kachchh, Anjar taluka has shown rapid decline in the cattle
to buffalo ratio (Fig 20). The ratio was 13.0 in 1966 and reduced to 2.3 in 2007. However,
in case of other talukas such significant changes in livestock composition are not recorded.
Figure 20: Decline in Cattle to Buffalo ratio for Anjar Taluka

Source: Directorate of Livestock census; 1966, 1972, 1977, 1982, 1988, 1992, 2007

4.3

Agriculture

The agricultural policy of the State to bring in more area under irrigation resulted in
promotion of agriculture in Kachchh. Various irrigation schemes like damming of rivers
and canal irrigation were promoted. Apart from this, the use of groundwater for irrigation
increased. The figure 20 shows the net area and gross area irrigated from 1971-72 to
2003-04. The area under irrigation (net and gross) increased after 1986-87. In Nakhatrana
almost 85% of the gross cropped area is irrigated, while in Rapar the figure is as low as 13%.
Irrigation in Kachchh is largely ground water dependent and 87 % of the total irrigated area
depends on ground water sources and out of which 85%have traditional wells. Area under
canal irrigation is the highest in Nakhatrana (more than 6000 ha), followed by Bhuj (5600
ha) and Lakhpat (4500 ha).In case of Rapar taluka, the situation is very different, there are
high percentages of cultivators (as per 2001 census) but the area under irrigation is low.
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During the 1971-72 period the net area and gross area remained almost similar, but after
1984-85 the area under net irrigation increased (Fig 21). This implies that the number of
crops taken from agricultural field is more than one. Thus it shows an increase in utilization
of land resources for production of crops.
Figure 21: Area under net and gross irrigation

Source: District Statistical Department, Bhuj

Irrigation by utilizing the ground water drawn from the wells has increased. The irrigation
by wells in Kachchh increased 70% from a period of 1971-72 to 2003-04 (Fig 22).
Figure 22: Area under well irrigation

Source: District Statistical Department, Bhuj

There is positive relation between the area under canal irrigation and the rainfall as shown
in the figure 23. The years with good rainfall show higher areas under cultivation. As the
rainfall declined there is decline in area under canal irrigation. In case of 1986-87, the
years of severe drought the canal irrigation is close to nil. Thus the canal irrigation in
Kachchh is depended on the rainfall.
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Figure 23: Canal irrigation vs rainfall

Source: District Statistical Department, Bhuj

There is promotion of drip irrigation in Kachchh especially for horticulture. This would
help in better water management and maintain the fertility of soils.
Land use data of Kachchh have shown an increase in net sown area from 1975 to 2008.
Further, a rise of 14% in the net sown area between 2003 and 2008 was recorded a direct
impact of good rainfall years in Kachchh (Table 8).
Table 8: Five yearly Land use classification for Kachchh District (in ha), 1975 to 2003
Kachchh
Reported Area
Forest
Barren Land
Non Agriculture
land
Pasture Land
Miscellaneous Land
Cultivable waste
land
Current Fallow land
Other fallow land
Net area sown

1975

1980

1985

1990

1995

2003

1974953 1957629 1957629 1957629 1957629 1953209
118056 306770 288579 286061 232212 259957
557468 412499 430337 432857 419222 391470
70026
73697
72973
72968
70036
70026

2008*
287994
-

67617
0
403036

70058
0
339000

70058
0
348179

70058
0
331685

70058
0
398766

70058
0
400438

-

28358
92637
637755

75669
0
679936

115757
0
631746

184630
23525
555846

58431
0
709004

40913
65387
655060

747503

*only data for Forest and net sown area was available in District development Authority report 2008

4.3.1 Cropping pattern
The increase in irrigation facilities has influenced the number and type of crops grown
in Kachchh. During 1986, when the area under canal irrigation was low, the food groups
grown were cereals, pulses, spices, vegetables and oilseeds (Fig 24). Cereals included
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wheat, jowar and bajra, which were the major crops grown (48%) followed by oilseeds
(30%) and pulses (20%) and spices contributed to 2%of total area under cultivation.
Vegetables which require water constituted only 0.1% of the total area under cultivation.
Crops like fodder and fruits were not grown.
Figure 24: Various crops grown during 1986

Source: District Agriculture Department, Bhuj

There is drastic change in the crops grown in Kachchh during the last 24 years (Fig 25). The
area under traditional crops of cereal reduced to 13% of the total area under cultivation.
However, area under oilseeds was 41%, fodder 16%, vegetables (13%) and spices (4%).
To summarize the area under cash crops have increased and the traditional crops have
suffered. The increase in fodder cultivation indicates demand from livestock sector. New
crops like medicinal crops, fruits and spices are being initiated in Kachchh based on the
demand from upcoming urban centers.
The area under spices showed an increase of 218% from 1986. Spices were hardly being
cultivated in 1986, but by 2009 rose to 21,803 ha under cultivation (Fig 26). The spices
grown are jeera, chillies and others. Isabgol is the major medicinal plant cultivated, as this
crop has the tendency to withstand high salinity water upto 8 dS/m. As discussed in the
previous sections, the use of underground wells for irrigation has increased and at many
places there is presence of high salinity (>2000 ppm). Hence, the cultivation of Isabgol
indicates the land degradation.
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Figure 25: Various crops grown during 2009

Source: District Agriculture Department, Bhuj

Figure 26: Area under spices cultivation in Kachchh

Source: District Agriculture Department, Bhuj

Among various oil seed crops, groundnut, castor, rape and mustard seeds are the most
important crops in Kachchh. There is increase in production of castor seeds. It is one of
the largest producers of the unique crop isabgul. More over various other spices ranging
from cumin to coriander are being produced in Kachchh. Isabgul or Psyllium husks are
separated in husk form and 85 per cent of the processed Isabgul from India is exported.
The region exhibits its monopoly in India in production of fruit crops such as dates. It
produced 99 percent of Gujarat’s dates in 2000-01.
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4.4

Ecosystem and Important species in Kachchh

Owing to its unique ecological and geographical setting Kachchh is classified under biotic
province ‘3A’ (Kachchh desert) of biogeographic zone experiencing tropical arid climate
(Fig 27).
Figure-27: Ecoregions of Gujarat

(Source: Patel 1996)

Unique geomorphic set up of Kachchh comprises a wide variety of rock types and
sediments; hilly upland, low level salt land, grassland and the coast land. All these have a
complex interaction with the arid climatic parameters of high range extremes giving rise
to rich biodiversity.
Broadly the Kachchh is represented by Scrub forest, grasslands, wetlands and Ranns.
The area under different ecosystems for Kachchh as reported by various agencies is
indicated in the table 9. Kachchh is largely dominated by Rann and wasteland.
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Table 9: Area under various ecosystems of Kachchh
No.
1.
2.
3.
4.
5.
6.
7.
8.

Ecosystems
Great Rann
Little Rann
Forest ecosystem
Coastal ecosystem
Wasteland ecosystem
Banni grassland
ecosystem
Mangrove ecosystem
Grassland Ecosystem
Total

Area (Sq.Km.)
17500
5180
2800
456
4194
3000
2500
700
35630

Remarks
Total area less Mangrove Area
CEPT Report
Legal Forest area less Mangrove area
Estimated from Soil map
Taluka level Ecological Profiles (1994)
J.F.Mistry, Banni Sub Committee
CAZRI Land form map
Planning Atlas of Gujarat
Source of data: GEC Compilation

Note: Area for Serial No. 4 & 7 estimated from 1:250000 scale map.

The Great Rann of Kachchh (GRK) and the Little Rann of Kachchh (LRK) are the world’s only
saline desert. Seasonal inundation of the entire area by rain water and diurnal inundation
of western half of the GRK by sea water, coupled with a high residual salinity provide a rare
and unique ecosystem. The area harbours the largest breeding ground of greater flamingo
and estimates show that more than 1,25,000 birds come here for breeding. The little Rann
of Kachchh and its surrounding areas of the Greater Rann is the last refuge of Wild Ass in
the whole of western Asia. Earlier the Indian wild ass range extended from western India
through Sindh and Baluchistan, Afghanistan and south-eastern Iran (IUCN Red List 2009).
Grassland ecosystem of Kachchh is a dynamic one with different phases of vegetation
during different seasons of the year. Grasslands are grouped under Dichanthium-CenchrusLasiurus type and are predominant in Lakhpat, Abdasa, Nakhatrana taluka, Khadir bet
and Banni. Important grass species of Kachchh area Jinjvo/Marvel grass (Dicanthium
annulatum), Dhaman/anjan (Cenchrus ciliaris), Khevali/gharola (Sporobollus fertilis),
Ganthelokhevan (Eleusine compressa), Okrich (Sporobolus helvolus), Dabh/dabhado
(Desmostachya bipinnata) and Khundi. These grasslands are known to not only support
many rare and endangered species like Great Indian Bustard, Lesser florican and others,
but also provide livelihood to the cattle rearers in the region. Banni Grassland is a unique
example of saline grasslands and more than 33 grass species reported from the area.
Damming of the rivers in its catchment has resulted in reduced flow of fresh water into
the area and introduction of the plantation of Prosopis juliflora, an exotic species the
fragile ecosystem of Banni has been threatened. There are reports indicating decline in
density of grass species like Dichanthium annulatum, Cenchrus ciliaris, Sporobolus fertilis
and Chloris barbata from the area (Joshi et al., 2009).
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Salt Marshes

Desert

Banni

Grassland

Open Scrub

Mangrove
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Desert Fox

Jackal

Indian Grey Wolf

Wild Ass

Chinkara

Spiny-tailed Lizard
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Greater Flamingo

Demoiselle Crane

MacQueen’s Bustard

Great Indian Bustard

Montagu’s Harrier

Grey Francolin
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Terrestrial vegetation is mainly scrub and thorny in nature. The hilly terrain supports sparsely
distributed Acacia senegal, Euphorbia spp. community. The associated species include
Acacia leucophloea, Prosopis juliflora, Zizyphus nummularia etc. The tree growth occurs
only on lower slopes and valleys whereas the upper slopes are almost barren except a few
Euphorbia bushes. The main grasses of the hill area are Aristida adscensionnis, Dinebra
retroflexa. The pediment plains of low hillocks support scrub vegetation, constituting
Euphorbia, Zizyphus nummularia, Acacia nilotica and Acacia leucophloea.
Kachchh is represent by rare and endangered species that include 17 species of plants,
5 of herpetofauna, 5 of Avifauna and 6 of mammal. Important ones are Indian Wild Ass
(endemic to the region), Caracal, Indian Grey Wolf, Great Indian Bustard, MacQueen’s
Bustard, Lesser Florican, Spiny-tailed Lizard and a great variety of Raptors (GES et. al.,
2002).
The mangrove cover of Gulf of Kachchh shows an increase in area in 1997 due to inclusion
of dense mangrove at Kori creek for the first time. After this, decline in the mangrove cover
was observed in 2001. The severe drought years in 1990-2000 led to massive destruction
of mangroves, which were cut to meet the firewood requirement and fodder for the
livestock. Decline in mangrove area in 2007 was due to chopping of mangrove cover for
industrial expansion (Fig 28).
Out of 10 taluka of Kachchh district, 7 coastal talukas have mangrove cover (Fig 29, Table
10). Mandvi taluka has the least mangrove area (0.27 sq. km) and dense mangrove areas
are present in Abdasa, Anjar, Mundra and highest in Lakhpat taluka (464.2 sq.km).

Figure 28: Mangrove area in Kachchh district

(Source: GEC 2009)
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Figure 29: Talukawise mangrove area in Kachchh

(Source: GEC 2009)

Table 10: Talukawise density of mangroves in sq.km.

Abdasa
Anjar
Bhachau
Gandhidham
Mandvi
Mundra
Lakhpat

Dense
16.46
7.5
2

1998
Sparse
5.04
11.85
17.38

0.2
9.51
308.52
344.19

0.13
9.59
339.19
383.18

Total
21.5
19.35
19.38
0
0.33
19.1
647.71
727.37

Dense
20.57
5.34
0.49
2.89
0.21
3.55
87.33
120.38

2007
Sparse
3.19
6.43
96.49
59.07
0.06
9.8
346.87
521.91

Total
23.76
11.76
96.98
61.97
0.27
13.35
464.2
672.29

Based on Singh (2002) and GEC (2009)

The distribution of different mangrove species is very specific in Kachchh - (1) Avicennia
community is the most dominant accounting for more than 70% of the area and
generally found close to the sea. (2) The Rhizophora community occupies the inward
margins of the creeks and the Ceriops community is present in the interior regions. (3)
The ecotone between the marsh and mangrove communities has been identified as the
transitional mangroves (Avicennia alba, Sueada), representing the transition from the
less saline mangrove to the highly saline marsh community (Shah et al., 2005). Prior
to 1950, mangrove forests were in very good condition in the Gulf, dense and often
reaching upto 14 m or so, represented by Brugueria sp alongwith species of Avicennia,
Rhizophora, Aegiceras corniculata, Ceriops tagal and Sonneratia apetala. Today,
Bruguiera sp. is totally absent. Sonneratia apetala, Rhizophora mucronata and
Ceriops tagal have become vulnerable and Aegiceras corniculata has become endangered
(Nayak and Bahuguna, 2001).
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On the south coast along Jamnagar are the coral reefs and mangrove with a variety of
marine fauna and flora scattered over the islands and intertidal areas. The corals in the Gulf
of Kachchh survive through extreme environmental conditions such as high temperature,
salinity changes and high-suspended particulate loads (Muley et. al. 2002). The area under
dense mangroves has declined in Kachchh and largely due to cutting.
Mangroves played an important role in protection of the coast from the fury of tsunami.
In the 2004 tsunami, Picchavaram coast with good mangrove cover and density were
protected and the farming village had the least casualty. Similar observations have also
been made in Indonesia, Sri Lanka and Thailand. In Southern Sri Lanka it was observed
that undisturbed mangrove stands contributed to reduce the damage caused by the
tsunami. In areas where the mangrove stands were totally or partially cleared in this
district, the damage was high (Sridhar et al., 2007).
Kachchh district has 80.21% of the total wetlands area in Gujarat (21.77 lakh ha). The
region is characterised by the presence of shallow depression called ‘dhands’ that get
inundated with water during the monsoons. The important dhands of Kachchh are Chhari
Dhand, Hodka dhand, Vinjad-Varo dhand, Kheerjog dhand, Servo dhand and others.
Amongst these Chhari dhand is the biggest and sustains good biodiversity in terms of
avifauna.
A recent study by GUIDE (2009) on the biodiversity status of wetlands indicates presence
of 202 floral species of which 13 species are rare. Around 117 species of herbs, aquatic
herbs, grasses and sedges were recorded close to the water line, an estimate higher
than that reported from Nalsarovar wetland (74 macrophytes). These wetlands harbour
169 species of phytoplanktons, 66 species of zooplanktons and 23 species of benthic
invertebrates and support 118 bird species.
Out of the wetland birds, 12 species are categorized as threatened (Table 11). The
endangered species are the migratory birds visiting the Kachchh wetlands.
Table 11: Threatened species of wetlands in Kachchh
IUCN category
Near -threatened

No. of species
7 species

Conservation dependent 2 species – Graylag Goose (Anser anser) and Dalmatian
Pelican (Pelecanus crispus)
Endangered

3 species - Fulvous Whistling Duck (Dendrocygna bicolor),
Osprey (Pandion haliaetus) and Eurasian Spoonbill (Platalea
leucorodia)
(Source: IUCN Red List 2009)

The migratory birds attract a lot of amateur bird watchers to Kachchh not only from within
the country but also across country, thereby contributing to tourism indirectly. Infact,
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there is good wildlife tourism in Kachchh for the Wild Ass, nesting site of Flamingo in the
Ranns.
4.5

Marine fish production in Kachchh

The marine fish production as estimated by the landing data shows that the fish production
was very low from 1960-61 to 1981-82 (Fig 30). After 1981, due to introduction of
mechanized boat, increase in the fish catch was reported. The presence of good fishery
in Jakhau region was explored simultaneously resulting in increase in fish catch. The fish
catch reached its peak in 2002-03 and after that gradual decline in fish production was
recorded. The fishery statistics show that there is decline in the population of active
fishermen from 10,615 in 2003 to 7581 in 2007. Due to other opportunities available
especially in the industrial sector, the younger generation is no longer into fishing activity
and this has resulted in decline in efforts towards fish catch. The socio-economic survey in
the coastal villages indicated that 90% of the young generations are into industrial sector
while fishing is done by the elders only.
Figure 30: Marine Fish Production from Kachchh (1960-2007)

(Source: Commissioner of Fisheries, Govt. of Gujarat; 1960-61 to 2007-08)

Introduction of trawlers increased the fish catch, but at the same time it depleted the sea
bed of the fish stock affecting breeding and thereby production. This is clearly seen from
the decline in the fish production in Kachchh. Due to promotion of Potential Fishing Zone
(PFZ) advisory by INCOIS, the fishermen have access to the data pertaining to the area
with good fish population. This prompted the fishermen to go for fishing to areas nearby
to their centres and thereby reducing the pressure in other fishing grounds like Jakhau.
The trend analysis conducted for important fishes in the Kachchh region have shown
decline in catch for few species, like Bombay duck and Ribbonfish. There needs for further
studies to be carried out to ascertain the exact reasons for the decline in fish catch.

SECTION - 3

FUTURE PROJECTIONS
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Chapter - 5
CLIMATIC CHANGES
•
•
5.1

Sea Surface temperature has increased in Kachchh region influencing
the rise in cyclones.
Extremities of weather in Kachchh is reducing

Rainfall

Climate of Kachchh also depends on the western disturbances, which causes heat or cold
wave and also has influence on the pre-monsoon showers. Kachchh lies in continuation
to the Himalayas and the Aravallis provide corridor for the movement of winds from the
North. Hence any change in weather of North is immediately felt at Kachchh. The cold winds
from the north are first felt at Kachchh as compared to the Gujarat mainland. Kachchh
experiences extreme climatic conditions. The summers are extremely hot whereas the
winters are chilling. Kachchh experiences extremes of temperature as heat waves from
Thar deserts and cold waves from Himalayas reach uninterrupted to Kachchh, where as
rest of Gujarat is well protected from hills ranges of Aravalli, Vindhyans and Saputara.
Though in recent years there has not been any significant change in the temperature of
Kachchh, the significant changes in the rainfall has been recorded. The number of years
with excessive rainfall have increased in the decade 2001-10 and overall the rainfall in
Kachchh is above the average in the last decade (2001-10).The average rainfall received in
various talukas have increased in the period 1985 to 2010. Mandvi taluka has shown 40%
increase in rainfall. Mundra and Lakhpat have shown marginal increase in rainfall (Fig 31).
Analysis was carried out through ARIMA test (for time series analysis of rainfall data.
The model predicts decline in rainfall in Kachchh for the coming years after 2010 and is
predicated that the rainfall would be around the average rainfall for Kachchh (400 mm)
(Fig 32). However this is just a prediction model worked out after considering the rainfall
data and the other factors influencing rainfall in Kachchh are not considered.
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Fig 31: Increase in average rainfall in various talukas of Kachchh from 1985 to 2010.

Source: GSDMA

Figure 32: ARIMA model of rainfall prediction in Kachchh

Sinha Ray and Srivastava (2000) reported the increasing trend in frequency of heavy rainfall
over some of the drought-prone areas of the peninsula and some portions over Saurashtra
and Kachchh and decreasing trend in the occurrence of the drought in these regions. This
change is observed in the Kachchh climate and it is becoming wetter compared to period
before 1985.
Sen Roy and Balling (2004) analyzed the pattern in frequency and intensity of precipitation
over India and concluded that extreme event has become more frequent in western part
of the country. There are other studies indicating increase in rainfall along the west zone
and northwest India (Rupa Kumar et al 1992). Thus the rainfall trend in Kachchh is an
example at the regional level of the changing rainfall pattern in India.
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5.2

Natural Hazards

Cyclones are associated with heavy rainfall and there occurs more rain in a day as compared
to normal monsoon tenure. The increase in cyclones may be due to changes occurring in
the upper atmospheric strata and global warming and are indicators of climate change
taking place (Kumar 2009).
Although tropical cyclones affecting the Arabian Sea and the Gulf of Kachchh are not
common, they are becoming more frequent possibly due to the effect of global warming.
These can be severe and hazardous, as demonstrated by the cyclone Gonu in June 2007
(Kumar 2009) and Phet in 2010. These cyclones brought in massive destruction to the
property and infrastructure. Kachchh was lucky both the times, but at the same time these
are warning signals and should not be ignored, especially when the coastal developmental
projects are envisaged for the next 10 years.
Some of the important cyclones hitting Kachchh coastline and causing tremendous loss to
property are as follows:
• 5th September 1995, hit Kandla port causing loss of Rs.1865 crores. Total loss to
human live includes 1173 dead and 1774 missing.
• 16th – 20th May 1999, hit Gulf of Kachchh causing severe damages to Kachchh
and Jamnagar districts. Loss of life reported was 453 and loss of property Rs 80
crores.
There was only Kandla port existed when cyclone hit in past yet the loss of property was
high, but with recent industrialization of coastal belt in Mundra and Mandvi, the extent of
damage would be enormous in case of cyclone directly hitting the Kachchh coast directly.
At present Rs. 10000 crore investments is being planned in the coastal talukas. In 1990s
population in coastal talukas was 6 lakhs which increased to 7.6 lakh in 2001. This indicates
the quantum of damage that may occur due to any future cyclones.
On top of it the meteorological disasters like cyclones have increased in the period 19902010 and 5-6 severe cyclones have developed in the Arabian Sea. The cyclones developing
in Arabian Sea is related with changes in the upper atmospheric strata attributed to global
changes. Cyclones are again related with the prevailing sea surface temperatures.
5.3

Changes in the Sea

The Inter-governmental Panel on Climate Change (IPCC) has projected that the global
annual seawater temperature would rise by 0.8 to 2.5°C by 2050 and the sea level would
rise by 8 to 25 cm. Tropical ocean SSTs increased by approximately 0.5°C between 1970
and 2004, Fig 33 shows the SST trends for the tropical cyclone season in each ocean basin.
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Figure 33: Sea surface temperature recorded in various oceans
NATL = North Atlantic
WPAC = West Pacific
SPAC = South Pacific
EPAC = East Pacific
NIO = Northern India
SIO = Southern India
SH = Oceans of the
Southern Hemisphere
Source: Webster et al. (2005)

It is observed that there is a general increasing trend in sea surface temperature in all
major oceans around the world. International Comprehensive Ocean-Atmosphere Data
Set (ICOADS) and Advanced Very High Resolution Radiometer (AVHRR)data from National
Oceanic and Atmospheric Administration (NOAA)/NASA plot of SST, show warming of
sea surface along the Indian coast during 1961-2005 (Rao and Vekateshwaran 2008). Sea
surface temperature in the Gulf of Kachchh shows that the annual mean SST in the reef
area has warmed marginally from 26.04°C in 1985 to 26.10°C in 2005 (Fig. 4.20) at the rate
of 0.06°C per decade (Vivekanandan et al. 2008). The lower temperature (below 25°C) in
Kori Creek area observed between 1961-1977 has completely disappeared in the later
years indicating rise in the sea surface temperature.
Time Series variation at Kandla from 1940 to 2000 have shown increasing trend of MSL
(Fig 34) with respect to the land (Emery and Aubrey 1989, Das and Radhakrishanan 1991).
Time series variation of mean sea level at Kandla indicated 9.44 mm increase in the mean
sea level from 1940 to 2000. Study by NIO has reported an increase in sea level along west
coast of India (Unnikrishnan 2006). Global average sea level has risen since 1961 at an
average rate of 1.8mm/yr and since 1993 at 3.1mm/yr. The rising trend is just not simple
linear but that shows an exponential tendency.
Figure 34: Increasing trend of Sea level rise recorded at Kandla
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The southern coastline of Kachchh is vulnerable to cyclones accompanied with heavy rains
and tsunami prone area makes the coastline vulnerable to natural calamities. The talukas
of Mandvi, Mundra and Gandhidham are the sensitive talukas.
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Chapter - 6
CHANGES IN NATURAL RESOURCE BASE

6.1

Ground water –Recharge vs exploitation
•

Ground water recharge is expected to increase with increase in rainfall

•

Increase in population will put pressure on water resources

•

Salinity ingress led by over-exploitation will result in salinity ingress in costal
talukas

•

Dependency on Narmada water for domestic purpose and Reverse Osmosis in
industrial areas will increase

Ground water status in Kachchh is controlled by several factors like geology, rainfall,
proximity to Rann and sea,topography and anthropogenic factors (agriculture and
industry). The change in the depth of groundwater (Fig 35) and water quality (Fig 36) was
mapped based on the data of 1997 and 2007.
Figure 35: Areas showing changes in groundwater depth between 1997 and 2007

Source: SWDC

The regions bordering the Gulf of Kachchh and Great Rann of Kachchh (except Lakhpat
taluka) are experiencing quality degradation due to both natural and anthropogenic
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factors. Saline water from Ranns and Gulf area is infiltrating into the aquifers, due to over
exploitation of ground water.
Figure 36: Areas showing changes in water quality between 1997 and 2007

Source: SWDC

Interior regions on eastern and central side of the Kachchh are showing improvement
in quantity (rise in the water table). The improvement in the ground water table is due
to presence of Mesozoic aquifers which have high potential of recharge and subsequent
increase in rainfall in these areas have resulted in this change. On the contrary, in the
stations on the western side around Nakhatrana water quality has improved which has led
to increase in exploitation of the ground water for irrigation. Over exploitation of GW has
resulted in decline in water table.
Rapar and Lakhpat talukas behave distinctly. Both show improvement in quality and
depth. This is attributed to increase in runoff from adjacent water bodies i.e., Little Rann
(inflow from rivers of North Gujarat, Kachchh and Saurashtra) and Kori creek (inflow from
Indus River) respectively.
In respect of ground water development, maximum industrial development has taken
place in Gandhidham, Mundra and Mandvi taluka thus making these talukas prone to
degradation.
6.2

Grazing pressure
• Increase in rainfall would improve the grass availability
• Promotion of dairy industry would require more fodder to sustain the buffalo
population
• Increase in goat-sheep population will exert pressure on exiting grasslands
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Rainfall is the major variable that has influence on the livestock population in arid ecosystem
(Fig 37). A good rainfall year is related with good grass production and better availability
of fodder which in turn promotes the livestock rearing. In Kachchh the dependency on
weather conditions is observed only till 1982, and thereafter the locals have adapted to
uncertainties of climate by switching over to sheep and goats, and increase in area under
fodder cultivation.
Figure 37: Rainfall Vs Major Livestock analysis

Source: GSDMA and Directorate of Livestock census

The pressure on the existing grazing land is increasing with the rise in livestock population.
The grazing land in Kachchh has declined from 34,46,900 ha in 1960-61 to 12,04,211 ha
in 1970-71(i.e. 65%) (Fig 38). The grazing land remained more or less uniform thereafter.
Figure 38 shows the pressure on the existing grazing lands. In 1960-61 the grazing land
was sufficient to sustain the livestock population. But the increase in livestock population
has added pressure on the existing grazing lands (Fig 39). Further, these grasslands have
the problem of Prosopis juliflora invasion (For e.g. Prosopis has invaded more than 50% of
Banni grassland area).
Figure 38: Trends in total grazing land in Kachchh

Source: District Statistical Department, Bhuj
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Figure 39: Percentage share of livestock and availability of grazing land (ha/animal).

Source: District Statistical Department, Bhuj and Directorate of Livestock census

To sustain the increase in the livestock population, fodder cultivation was undertaken and
the area under fodder cultivation increased from 1985 onwards (Fig 40).
Figure 40: Area under fodder cultivation from 1983 to 2009

Source: District Agriculture Department, Bhuj

The increase in area under fodder cultivation also point towards the change in livestock
rearing practices from grazing in the open to stall feeding and make themselves self
sufficient in fodder to substance the drought years. The daily requirement of fodder for
buffalo is 10% of its weight, thus an increase in buffalo population means increase in
demands of fodder and the locals. The green fodder is used during the summers.
Potential climate change also has a bearing on livestock diseases especially the increase
in rainfall. Research studies from India have reported that meteorological parameters like
temperature, humidity and rainfall account for Foot and Mouth (FMD) disease in cattle
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in hyper-endemic division of Andhra and meso-endemic region of Maharashtra states
(Ramarao 1988).The outbreak of the cattle disease was observed to be correlated with the
mass movement of animals which in turn is dependant on the climatic factors (Sharma et
al. 1991). Singh et al. (1996) reported higher incidence of clinical mastitis in dairy animals
during hot and humid weather due to increased heat stress and greater fly population
associated with hot–humid conditions. In addition, the hot– humid weather condition was
found to aggravate the infestation of cattle ticks like, Boophilus microplus, Haemaphysalis
bispinosa and Hyalomma anatolicum (Singh et. al. 2000; Basu and Bandhyopadhyay 2004;
Kumar et al. 2004).
Climate-driven models of the temporal and spatial distribution of pests, diseases and
weeds have been developed for some key species e.g. the temperate livestock tick
Haemaphysalis longicornis and the tropical cattle tick Boophilus microplus (Ralph 1987).
Climate scenarios in New Zealand and Australia have suggested increased incidence of
epidemics of animal diseases as vectors spread and extension of cattle tick infestations,
both of which are directly related to changes in both temperature and rainfall (Sutherst
1995).
Considering the rise in humidity and slight rise in temperature of the Kachchh region and
high cattle population in the district, the incidences of rise in cattle diseases can not be
ignored.
6.3

Agriculture
•

At presently crop diversity is more, indicate fluid situation, but reducing trend of
food crops will lead to reduction in crop diversity towards more cash crop

•

Salinity increase and market demand will promote oil seeds

•

Increase in rainfall would be detrimental for horticulture crops

Total area under cultivation in Kachchh is positively correlated (P < 0.05) with the rainfall.
This clearly reflects the dependency on the rain for agriculture in Kachchh region.
Increase in area under cultivation is observed in Abdasa, Lakhpat areas and Mandvi
(Fig 41). In these talukas agriculture is dependent on rainfall and underground water.
Increase in rainfall in these sections is proving advantageous, but at the same time the
coastal areas are facing the problem of salinity ingress due to shallow water table. In
Mandvi taluka, agriculture based on the ground water and the ground water in this area
has reached critical state. Though there is increase in rainfall in this taluka but overdrawing
of ground water has depleted the same.
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Figure 41: Trends in area under cultivation for various talukas from 1986 to 2009.

Source: District Agriculture Department, Bhuj

On the other hand Bhachau, Rapar and Mundra talukas have shown decline in agriculture
due to heavy investment in industrial sector in these regions. There is change in crops
cultivated in 1986 and 2009 in all the talukas (Fig 42). For e.g. cereals, pulses and oilseeds
were the major crops grown Lakhpat taluka in 1986, but in 2009 new crops like vegetables,
fodder, medicinal crops are grown.
Changes in temperature and rainfall have significant impact on production of fruits,
vegetables and medicinal plants. This would be of great relevance to Mandvi and Mundra
talukas, where horticulture is done on large scale. During the socio-economic survey, insect
infestation in chickoo plantation was observed in the Mundrataluka and the farmers were
complaining of decline in productivity. Socio-economic survey conducted also indicated
that around 88% of the respondents have complained of increase in pest attack on the
horticulture crops and simultaneous decline in locusts attacks were reported (Fig 43).
The change in agriculture crop pattern is the major function of the climatic and related
changes observed.
Figure 42: Crops grown during 1986 and 2009 in Lakhpat taluka

Source: District Agriculture Department, Bhuj
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Figure 43: Respondents views on the degree of pest and locust attack on crops
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Similarly, the sudden change in weather conditions (high speed winds and unseasonal
rainfall) during the 2010 summers resulted in early fruit drop of mangoes and loss to the
farmers of Anjar taluka. During the socio-economic survey the farmers into horticulture
cultivation have complained of early onset of flowering due to unseasonal changes in the
weather resulting in the fall in productivity (Fig 44). Such increased droughts and floods
are likely to increase productivity variability in relation to effect by microbes, pathogens
and insects.
Figure 44: Respondents views on changes observed in onset of flowering in horticulture
crops and impact on productivity resultant of change in climatic conditions.
Prodcutivity of f ruits

Onse
et of flow
wering

No respone

Not applicable
a

Increased
d

Norm
mal

Decreased

Delayyed

No changge

Earlyy

Rise in temperature would require more water for the plants due to high rate of
evapo-transpiration in the arid region leading to higher salinity and desertification
(Kumar 2009). As discussed in the previous climate section, the maximum temperature
of Kachchh has increased by 0.50C. Kachchh region is reaching close to the threshold level
(2oC) declared by India for any impact to be seen.
There are studies indicating that 1oC increase in temperature may reduce yields of wheat,
soybean, mustard, groundnut, and potato by 3-7% (MoEF_NATCOM, 2009).Crop pest
infestation will change significantly because diseases and insect population are strongly
depended on temperature and humidity. Any increase in these climatic parameters can
alter the insect population, which ultimately affects the yield. Therefore, Kachchh needs
to prepare for rise in temperature and the consequent crop losses.
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Chapter - 7
THREATENED BIODIVERSITY
•
•
•
7.1

Arid ecosystems may not remain so arid, affecting several endemic
species
Changing climate on annual basis, and natural hazards will affect
the migratory species
Increase in sea surface temperature will affect corals and other
temperature sensitive marine species

Terrestrial Ecosystems

Based on ecosystem and the threatened species present in Kachchh the ecological
important areas are marked in the map. These are Banni grasslands, Rann, Narayan
Sarovar WLS and marine ecosystem (Fig 45). These ecosystems are very sensitive to
climatic changes and human disturbance.
Figure 45: Ecologically Important regions of Kachchh

Source: IUCN Red List, 2009

Following are the ecosystems facing threats,
•

Banni area in 1960s was characterized by four major types of vegetation viz. Savannas
mixed grasses, Acacia nilotica-Capparis decidua-Salvadora, saline grasses and
waterlogged areas. Subsequently, due to series of drought and damming of rivers
in the catchment area, shift towards saline species was observed. Also domination
of prosopis increases in drought years, threatening native species. The Dichanthium
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annulatum (Jinjuvo), a highly preferred species, has been most affected by low rainfall
and consecutive drought. The productivity of the species is affected and yield was very
less during the drought years.
•

Recent increase in rainfall in Kachchh has proven to be beneficial for the vegetation,
especially the grasses. Some of the species which were lying dormant due to prolonged
drought have resurfaced (interview with the locals of Banni) e.g. Jinjuvo.

•

Clark and Duncan (1992) have reported that Wild Ass and its habitat would be
threatened if the Wild Ass Sanctuary and Kachchh Desert Sanctuary gets inundated
due to sea level rise. The increase in rainfall in Kachchh would mean more waters
in the Rann area inundating major part of Rann. The Wild Ass in such cases takes
shelter on the beyts or move towards the high areas in the neighbouring mainland.
The human animal conflict arises due to destruction of agricultural crops by Wild Ass.
An increase in conflict is envisaged in case of Ranns lying inundated with water for
long, as the Wild Ass will start moving towards the mainland in search of food.

•

The Flamingo City a major breeding of greater flamingo is likely to be affected due to
increased rainfall and inflow of fresh water into the Ranns. The birds are very specific
to its habitat needs for breeding. Observations (Meena et al., 2008) have shown that
in the Greater Rann of Kachchh, when the water level was more than 1.23 m only
70,000 birds were recorded in the month of November. But by March as the level of
water reduced to 0.76 m, more than 1,25,000 individuals were seen breeding. Due
to higher water levels and scarcity of food the breeding was delayed. This indicates
sensitivity of the species to the water level in Rann area. Delay in the breeding would
affect the survival of the juveniles.

•

Gulf of Kachchh has been identified as one of the vulnerable areas along Indian coast
in view of the sea level rise threatening the wetlands ecosystem. Chauhan et al (2003)
stated that 33% of Gujarat coast is prone to erosion, 6% highly eroded, 41% is dynamic
and 20% is either stable or under depositional processes. At the end of next century,
there would be rise of 331 mm rise in sea level at Kandla. Loss of wetlands would
destroy the habitat of the birds affecting their breeding. This would have an impact on
the threatened birds as listed in the table 12.
Table 12: Threatened species of wetlands in Kachchh

IUCN category
Near -threatened
Conservation
dependent
Endangered

No. of species
7 species
2 species – Graylag Goose (Anser anser) and Dalmatian Pelican
(Pelecanus crispus)
3 species - Fulvous Whistling Duck (Dendrocygna bicolor), Osprey
(Pandion haliaetus) and Eurasian Spoonbill (Platalea leucorodia)
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Dalmatian Pelican

Graylag Goose

Osprey

Eurasian Spoonbill

•

Mangroves are sensitive to sea level rise and fresh water flow. In Vietnam, mangroves
are reported to be undergoing species change because of increased salt intrusion,
including those in DAO BACH LONG VI, a proposed marine protected area (Granich et
al., 1993).

Similarly mangroves of the Kachchh region are adapted to very harsh environmental
conditions, with very low rainfall, high variability in seasonal temperature, high rate of
evapo-transpiration and exceptionally high salinity in both soil and water. Change in any
of the climatic variable rainfall or temperature would have negative impact on the existing
species and it is likely that hardy colonizer like A. marina, Acanthus illicifolius and Sueada
spp. would prevail in Gujarat (Singh 2003). In the figure 46 it is shown that the mangroves
in Kori creek area are less than 4 m AMSL and play an important role in protecting the
sea coast from cyclones. Loss of dense mangroves could make the coastline vulnerable to
erosion, considering the increase in cyclones hitting Kachchh in the last 10 years.
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Figure 46: Mangroves area in Kachchh based on Above Mean Sea Level

Source: GEC, 2009

There are several species at threat due to predicted climatic changes.
•

Lesser florican which breeds in grassland areas is highly dependent on grass growth. A
series of drought results in poor grass growth and non-availability of adequate habitat
for breeding is threatening the population (Sankaranand Manakadan 1990, Sankaran
1991). Population densities are known to be correlated with rainfall patterns and it is
postulated that the species may be susceptible to extinction in event of severe and
prolonged drought (Rahmani 2006).

•

Herpetofauna is one of the best indicators of the health of an ecosystem due to their
close intimacy with their micro habitat. Climate variables like temperature and moisture
affect multiple aspects of amphibian and reptile biology (Heatwole 1976, Duellman
& Trueb 1986, Bradshaw 1987, Angilletta et al. 2002). These are considered to be
extremely vulnerable to the effects of climatic change and thus excellent indicators for
impacts on biodiversity (Blaustein et al. 2001, Carey & Alexander 2003).
Gujarat has 78 of reptiles inhabiting different ecological niches (Vyas 1996). Some of
the important species of Kachchh are as follows:
Green Turtle (Chelonia mydas): It is one of the four threatened sea turtles reported
along Gujarat coast. Kachchh coastal region is reported as a nesting site of Green
turtle (GES et al., 2002). Sea turtles are vulnerable to aspects of climate change
because they have life history, physiological attributes and behaviour that make them
extremely sensitive to environmental changes (Hamann et al., 2007; Hawkes et al.,

Gujarat Ecology Commission |65

2009; Poloczanska et al., 2009). More detectable impacts of climate change to sea
turtles will occur during their terrestrial reproductive phase. Reproduction would be
affected in case of increased temperature, sea level rise and cyclonic activity on sea
turtle nesting sites (Hawkes et al., 2009; Fuentes et al., 2010; Witt et al., 2010).
Banded Gecko (Cryptopodion kachhensis): The species is endemic to Kachchh
(Moluretal., 1998, GES et al., 2002). Frequent appearance of the species was observed
in the Nakhatranataluka. Heavy rains and floods would have an impact on the species.
The species inhabits on the gentle slope of river banks and are likely to be washed off
due to heavy rains (GES et al., 2002). This threat is significant as in the recent years
the average rainfall has increased. Further the hot strong winds can bring about land
erosion destroying the habitat.
Spiny tailed lizard (Uromastix hardwickii): It is solitary animal living in the tunnel
excavated by itself. It was reported from Banni, Narayan Sarovar and Lala Bustard
Sanctuary (Daniel 1983). Also it was reported from Abdasa, Bhuj, Nakhatrana, Lakhpat
and Mandvitalukas of Kachchh district (GES et al., 2002). The species prefer areas with
average rainfall less than 300 mm, but in recent years these areas are receiving rainfall
more than 500 mm. Increased rainfall and associated water logging would make the
tunnels inaccessible and destroy habitat.
•

Invasion of Prosopis juliflora would enhance due to good rainfall that would reduce
the salinity. Earlier study has reported dense Prosopis in the areas of low soil salinity
(upto 4 ppt) (Gavali & Lakhmapurkar 2009). The areas identified were around the virdas
and the low lying areas where water accumulation occurs. Increase in rainfall would
lead to spread of Prosopis in new areas destroying the natural ecosystem especially
the grasslands of Banni and Naliya.

These areas are the hot spots of the Kachchh not only in terms of sensitive species but also
the services that these ecosystem provide e.g.,Ranns are famous not only for flamingo
and Wild Ass, but also its typical landform responsible for tourism. Also the migratory
birds of wetland and grasslands attract a lot number of tourist from abroad. The increase
in rainfall and subsequent loss threat to various ecosystem and species would have an
impact on the ecotourism.
7.2

Marine ecosystem

The estuaries and mangrove systems serve as nursery and spawning grounds for number
of shrimp and fish species. The major breeding grounds of fish in Kachchh region are in Sir
creek, Kori creek and the small estuaries along the coastline (Fig 47).Most of the species
of mullet spawn at sea and the juveniles enter the estuaries which serve as their nursery
grounds.
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Study conducted in Pakistan (Zarrien, 2010) to find out the relation between annual fish
catch and change in climate has shown a significant negative correlation between average
annual temperature and barramundi catch and between temperature and white shrimp
(Penaeus indicus) catch. Similarly, a significant positive correlation between temperature
and mullet catch and between rainfall and silver whiting catch was found. However the
results indicate that annual catch of bombay duck, silver whiting, sardinella, anchovy,
and grey shrimp showed no significant correlation with average annual temperature.
Apart from climate factors, other factors such as over-fishing, pollution and reduction in
freshwater flow may also have influenced the fish and shrimp catch
Figure 47: Estuarine and Fish breeding ground around Kori & Sir Creek

Study conducted by Saravanakumar et al. (2009) have reported 38 fish species breeding
in the mangrove areas of Kachchh. The spawning period was found to be during
summer and early monsoon period (May to August). The physio-chemical properties of
the water showed salinity ranged from 34 to 44 ppt and the sea surface temperature
varied from 17 to 37°C.
The literature on impact of climate change on fish catch and spawning is very limited
and this area needs more research. However based on the few studies done, it can be
concluded that rising temperature and increase in rainfall would have some impact on
certain fish species like white shrimp and mullets.
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Chapter - 8
POPULATION TRENDS
•

More population in coastal region will enhance the degree of
calamity in case of severity of cyclonic storms

Above all the natural ecosystem, it is the man kind that prevails. The human density
in Kachchh was only 12 person/sq.km in 1951, which rose to 48 person/sq.km in the
recent completed survey on 2011 (reports from unpublished census figures).As per the
unpublished 2011 census the population of Kachchh district was 21,68, 00 with a density
of 35 persons/sq. km (Fig 48).
Figure 48: The population of Kachchh from 1891 to 2001 as per census records.

Source: Directorate of Census Operation, Census of India, District Census Handbook
*Note : population of 2011 is based on report published in Times of India (23.1.11)

The population of Kachchh till 1951 showed decline in certain decades coinciding with
the drought conditions. But after 1951, irrespective of drought years a steady increase in
the population is recorded (Fig 49). In 1901 and 1921 large-scale migration to cities like
Mumbai and abroad took place due to famines and continuous drought in the Kachchh.
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Figure 49: The decadal percentage changes in the population

Source: Directorate of Census Operation, Census of India, District Census Handbook

The population growth rate of Kachchh as per 2001 census was 2.29%, which is slightly
higher than that of state’s growth rate (2.07%). Industrial growth in Gandhidham taluka
after 1960’s has contributed to higher population growth compared to other talukas. The
increase is due to inflow of labourers from within and outside the state. The increase
in human density is accompanied with urbanization and development of facilities to
accommodate the populace. This adds pressure to the existing natural resources and as
discussed above the ecosystems in Kachchh are facing some challenges from the changing
climate in terms of increase in rainfall and cyclones hitting the area. To specify there is
pressure on the existing water resource of the Kachchh and at present Narmada waters
suffices to the demand. But there is gap in the water supply and demand exerting pressure
on the ground water. Further, the demand for vegetables and horticulture crops would
exert pressure on the agriculture production sector. There is again pressure on agricultural
products from the increasing livestock population.
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Chapter - 9
INDUSTRIAL GROWTH
•

Industrialization will lead to immigration of people in the Kachchh
which will exert pressure on local resources

Kachchh has emerged as a hub for chemicals, minerals, textiles, engineering, oil & Gas and
Port based industries. Kachchh is an ideal gateway to Asian, African and American markets
as Mundra Port offers shortest land route from any port to the vast hinterland of western
and northern India. Industries in the district such as minerals, port-based, engineering &
auto, steel pipes, cement, salt, textiles, tourism and infrastructure projects are the drivers
of economy. Rich mineral wealth of the district is an attraction for investors. Many foreign
companies are expected to invest on lignite, limestone and bauxite reserves.
Salt producing industry was the major industry of Kachhch till 2001. Post earthquake and
tax relaxation policy by the Government promoted industrial investment in the region.
This is observed from the increase in number of industries planned in the region and
number of industries commissioned pre and post earthquake (Fig 50). A 2.5 fold increase
in the number of industries commissioned in Kachchh post-earthquake has been achieved
till 2007.
Figure 50: Stages of industrial clearances during pre- earthquake and post-earthquake

Source: iNDEXTb

Area under industries are maximum in Gandhidham and Bhachautaluka (Fig 51),
followed by Mundra and Bhuj.
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Figure 51: Area under industrial estate in various talukas of Kachchh (2006-07)

Source: iNDEXTb

The industrial growth is reflected in the number of small scale industries setup. The SSI
was initiated in the district in 1970 and decadal increase in number of SSI units is shown in
the figure 52. By 2007, more than 6000 SSI units are established contributing to economic
growth and employment generation to the locals.
Bhuj and Gandhidham are the leading talukas in registration of small-scale industries.
Around 62.2 per cent of the total registered industries in Kachchh are in these two
talukas. Lakhpat, Abdasa and Rapar taluka are backward talukas in terms of development
of small-scale industries.
Figure 52: Number (decadal) of SSI units in Kachchh (1961 – 2007)

Source: iNDEXTb
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Gujarat Industrial Development Corporation has 11 industrial estates in Kachchh, in which,
each Bhuj, Gandhidham, Mundra has 2, and 1 each in Nakhatrana, Rapar and Anjar taluka.
Total area under these industrial estates is 531.39 hectares and out of that 166.97 hectare
is developed with infrastructure and 76.89-hectare of land is allocated to the industrial
units. An available land for allocation is 90.08 hectare and recently GIDC had required
188.46 -hectare land in Mundrataluka for industrial estate.
Around 11 SEZs are being planned in Kachchh and which would be fully operational
in coming years (Table 13, Fig 53). This would be accompanied with changes in socioeconomic dynamics of the locals, and need to be researched and studied. The lifestyle of
the locals from the traditional pastoral life to life of industrial worker.
Table 13: Special Economic Zone proposed and notified in Kachchh
Location
Kandla SEZ,
Gandhidham
MPSEZ, Mundra
Power SEZ Mundra,
Siracha
Welspun SEZ, Anjar
Mundra
MotiChirai
Kandla
Anjar
Ruchi Flat Steel SEZ
Anjar
Anjar
Kandla

Nature of SEZ
Multi-product

Area (in Ha) Status of Approval
280.0
Functional

Multi-product
Power

3114.9
293.0

Notified
Notified

Textiles & Garments
Multi-product
Handicrafts
Port Based Multi-product
Polymer Based
Flat Steel
Multi-product
Engineering
FTWZ

284.0
1081.0
131.6
5000.0
120.0
164.8
1011.7
121.0
40.0

Notified
Notified
Formal
Formal
Formal
In-principle
In-principle
In-principle
In-principle

Source: Industries Commissionerate, Govt. of Gujarat,2007
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Figure 53: Industrial Park in Kachchh District

Source: iNDEXT

The development and upgradation of existing ports have resulted in boost to the industrial
sector. In total 34 MoUs were signed during Vibrant Gujarat Global Investor’s Summit
(VGGIS) 2007, with a total investment of INR 91,941 crore (USD 22,424.63 million).
Investment in various talukas indicates maximum growth of industries in Gandhidham,
Anjar, Bhuj and Bhachau talukas. Proximity to all weather Kandla port has promoted the
industrial growth in these two talukas of Gandhidham and Bhachau. Mundra SEZ is huge
industrial set up coming up in Mundrataluka (Fig 54).
Figure 54: Investment in Kachchh

Source: iNDEXTb

The development of industries in the coastal area would be associated with urbanization
in the coastal region. Heavy urbanization would exert pressure on the existing ground
water resources and in case of natural disasters like cyclones or tsunami the extent of
calamity would be much more serve than what was recorded earlier.

SECTION - 4

RECOMMENDATION
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RECOMMENDATIONS FOR ADAPTING TO
CLIMATE CHANGE

Climate change being a gradual, and some times slow, process, it is necessary to
understand the process and develop a long-term vision. There are no quick fix solutions.
However, where faster development has taken place and certain aspects of environment
have received little attention, there is a good case for early action. The case in point is the
susceptibility of the Kachchh coast to cyclones and tsunami.
There is, post-earthquake, an explosion of economic activity in Kachchh partly due to the
various fiscal concessions given by government and partly due to the major initiative at
port development at Mundra. Besides, infrastructure development – road, rail, power,
ports- is high on the state and the private sector agenda. Transportation of lignite, cement
and other goods has brought tremendous pressure on the road network and a large
number of heavy duty vehicles cause various hazards besides causing air pollution. As
brought in this report a basic change is taking place in the water regime of the district
thanks to a decade of good rains. In its wake the changing water regime is bringing about
a change in crop pattern and animal husbandry. Thus Kachchh is proving to be a significant
case study in climate change.
As mentioned above the important thing is to understand the process of climate change
in all its dimensions and ramifications. It is suggested that following measures may be
considered in different time frames to adapt to the climate change of the district.
Immediate strategies
These needs to be implemented for faster action on issues of climate change.
1.

Development of tsunami emergency plan and sophisticated coastal warning
systems. Since most of the development is taking place along the coast there is
immediate need of such a plan for Kachchh.
(a)

A series of meetings with various stakeholders may be held to sensitize citizens
to the issues in climate change and its implications.

(b)

A programme for schools may be drawn up to prepare the coming generation
to intelligently and imaginatively adapt to climate change.

For the above purpose audio-visuals and attractive written material may be produced
quickly. Also, the films available outside may be used to strengthen the programme.
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2.

Since major investments are taking place along the coast, it is essential to understand
the susceptibility to cyclones and tsunami which has been brought out by Shukla et
al in 2010. This report brings out the increase in frequency of cyclones in Kachchh.
In this regard the following is recommended:
a.

The findings of the report may be shared with industry associations, particularly
those located on the coast.

b.

Set up an early warning system for alerting people about cyclone and tsunami.
Continuous monitoring of the sea shore changes in its morphology is required.
The agency entrusted with the task should also keep a watch over the
hydrological changes in the Rann and Banni, particularly during the monsoon
and post-monsoon periods.

c.

A disaster management plan must be put in place. Improved risk management
for other segments of population through an early warning system for
occurrences like cyclones, rainfall and pest attack

3.

Improved risk management through early warning system(for events like rainfall
predictions, cyclones, droughts and pest attack), needs to be undertaken. Early
warning system for the farmers beset up and accordingly the farmers be advised
for postponement of sowing season or early sowing. Accurate weather forecasting
at taluka level on fortnightly/weekly basis to prevent crop damage due to natural
hazards.

4.

A comprehensive strategy to be put in place for water management through.

5.

(i)

Water harvesting

(ii)

A policy for ground water usage

(iii)

Creation of barriers to prevent ingress of sea water in under ground aquifers

(iv)

Creating larger storage capacity in the existing dams

(v)

Monitoring of drinking water quality

There is need to recharge the ground water and have maximum utilization of the
runoff to sustain agriculture and human need. Ground water is the major source of
fresh water in Kachchh and dependency on ground water would increase in years to
come.
Creation of fresh water barriers by recharging ground water in the coastal aquifers
to prevent salinity ingress, is essential.

6.

Proper monitoring should be under taken to prevent epidemics like malaria and
other water borne diseases. Increase in rainfall and humidity is bound to increase
water related diseases in the District.
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Midterm strategies
1.

Awareness/training regarding the environment of Kachchh especially on natural
hazards and the ways to minimize damage to the industries and industrial workers.

2.

Integration of wetland conservation with development plans for better protection
and conservation of precious wetlands should be developed as wetlands are
important sinks of surface water in periods of heavy rain. The wetlands prevent
water-logging and also have capacity to fix carbon.

3.

The concept of green belt and eco-friendly houses to combat urban heat islands
need to be promoted and innovative construction technologies be used to minimize
impact of urban heat islands.

4.

Mangrove plantation needs to be carried out extensively in areas denuded of
vegetation. Constant monitoring of mangrove and sea level rise is required. Increase
in the mangrove area can be achieved by undertaking plantations in new areas.
Mangrove afforestation- would help to increase fishery production and protect sea
shores from cyclonic events in coastal areas.

5.

In animal husbandry, training needs to be provided to the locals on maintenance
of hygiene and water-logging free stall area to prevent outbreak of diseases. This
would be important especially when the buffalos are stall fed and there is increase
in humidity and temperature in Kachchh.

6.

Restoring the Banni grasslands for conservation of species. Over the years various
initiatives have been taken but it is only after the presentation was made to Hon.
Chief Minister of Gujarat by Chairman GUIDE in 2010 that a comprehensive plan of
action has been approved and being implemented.
GUIDE has undertaken various research and extension programmes in Banni with
people’s participation. This is a success story of regeneration of an almost barren
resource and revival of over 35 species of grass. It has also been worked out that
regeneration of Banni can be a bankable project. The State Forest Department has
taken an imaginative approach by supporting this programme. The best approach to
Banni would be to continue the programme with vigour.
As regards Prosopis a national seminar of experts organized by GUIDE came to the
conclusion fast growing species has its own place in the scheme of things. Where
nothing grows, promote Prosopis- is a good mantra to follow.”

7.

Strengthen research for adaptive capacity: New varieties of agricultural crops have to
be developed based on the trend in the temperature or rainfall pattern of the region.
Appropriate mechanism for dissemination of weather, soil, water and agricultural
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data has to be created. The extension cell of Agriculture University needs to gear
up for these purposes and presence of an office at every taluka headquarters is
essential. Climate of each taluka of Kachchh behaves differently and has different
problems and the same need to be addressed after through investigation. Promotion
of less water depended crop species for conservation of ground water has to be
considered.
8.

Regular health camps at each taluka headquarters for monitoring of tick infestation
in cattle and buffalo.

Long term strategies
1.

Crop insurance policy to be introduced so that the farmer is benefited in the event
of natural calamities in terms of drought or floods. The insurance should be covered
right from the sowing stage.

2.

Strengthen surveillance mechanism for various pests: Regular monitoring of
different pest attacking the food and fruit crops need to be done by the agriculture
department

3.

Action plan for conservation of species in the Ranns and Banni area as these areas
are prone to flooding due to natural drainage and slope of the mainland.

4.

Action plan for the salt pans workers as the waterlogging conditions in Rann due to
increase in rainfall would alter the salt production season and affect their livelihood.

5.

Increase in rainfall would lead to waterlogging that would threaten the natural
habitats. The road should be designed in a way that the flow of water is not
obstructed. At present due to construction of roads at elevated levels and absence
of proper drainage system, natural flow of water is obstructed resulting in water
logging in certain areas destroying the habitat of burrowing herpetofauna, like
Uromastix hardwickii.
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Annexure 1
Review by Uriel Safriel
Center for Environnemental Conventions
Blaustein Institutes for Desert Ecology
5 February 2011
This is a thorough, inclusive and conclusive report on the region of Kachchh – its
geological and climatic features and histories, its natural history, demography, economy,
land use and ecology, driven by the need to address the local effects of global climate
change. The author has carried out an exhaustive search and research of written and
verbal sources, resulting in a commendable synthesis that generated a series of highly
relevant research and development recommendations.
In the following, some comments and suggestions that may be addressed by the author,
as well as by her organization are provided.
1.
Objective of the document. The reason for a document entitled “Impact of Climate
Change” is likely the need to be better prepared for what is to come. As appropriately
explained by the author, knowledge of the past climates assists in addressing the future.
But the document does not clearly differentiate between the changes that have already
took place, and in which way they can be attributed to the global, anthropogenic-driven
effects, and accordingly – the changes that can be expected in the future. It is therefore
suggested to arrange the document such that its first section deals with the current
state and trends (i.e., say the last 100 to 50 years); the second section will address
future projections, based on available down scaling of the global projections, as much
as such are already available for the Indian subcontinent and its different regions. The
third section can be based on the first two, and derive recommendations for adaptation
to the projected climate, as well as addressing gaps in knowledge that need to be
researched.
2.
Mitigation and adaptation. Since the term “climate change” is not used in its literal
sense, but it has become a brand name for the anthropogenically-deriven change, it is
appropriate to use the jargon or terms used in this context. Thus, “mitigation” means
reducing the rate of change in the climate, by either reducing emissions of greenhouse
gases, or by increasing sinks of atmospheric carbon, while “adaptation” means adapting
human and environment systems to the changing climate. The current text of the
document uses these terms interchangeably.
3.
Emissions, sinks and mitigation. It is not clear why information on emissions of
Kachchh are provided and elaborated on. Surely, these emissions, high as they may
be, have negligible effect on current and future local climate, hence if the objective
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of the document is to better prepare Kachchh to climate change, this information is
redundant. There is only one way in which it is relevant, and this is if the document
wishes to address the carbon trading as a source of income, and hence of local economic
value. For this purpose, the issue of carbon trading needs to be thoroughly elaborated
on. Furthermore, if India is expected to voluntarily participate in the global effort to
mitigate climate change, and the individual states and regions will somehow be credited
for their contribution to this effort, then again the issue is relevant, but needs to be
more thoroughly addressed.
4.
Modeling approach. The chapters on “about Kachchh”, “climate” and
“paleo-aspects” are nicely written and quite interesting. But with regard to their
relevance to the objective, they could be shorter. On the other hand, those of the water
resources, agriculture and livestock are of utmost importance, and need to be tightly
linked. This is because the trends shown in land and water use, and the different types
of land and different types of water resources, are of high relevance, and nicely link the
nature of the environment to the human social and economic systems. For generating
projections of future climate change impacts, derived from current state and trends,
modeling is the most powerful approach. Surely, modeling work is off the scope of this
work. But it is very important to provide the information on whether such models are
available for the region, or they are available for other regions and can be adapted to
Kachchh, or they do not exist, in which case it is necessary to point at this knowledge
gap. The author may then have the opportunity to propose a project adopting the
IPCC or Millennium Ecosystem Approach of creating alternative projections for the
development of Kachchh under climate change, for each of several different socioeconomic scenarios. The models required for these projections will be driven by the
projected new rainfall and evaporation regime, and how it will affect the different mixes
of use of surface runoff, groundwater natural and man-made recharges, rain-fed and
irrigated agriculture mix, etc.
5.
Ecosystems and biodiversity. Though this chapter starts with citing the Millennium
Ecosystem Assessment (MA), it does not go all the way in adopting the MA conceptual
framework, in which all lands on earth are ecosystems, that provide benefits to people,
benefits called “ecosystem services”, and that biodiversity, including cultivated one, like
goats and cows, are involved in the provision of these services. The chapter, on the
other hand, provides a nice and relevant but “traditional” description of the natural
ecosystems and their “charismatic”, rare, or endangered species. Thus, this important
chapter is somewhat detached from the mainstream industrial development of the
region. The question may be asked, for example, in what way the flamingoes of the
Rann are important to the increasing urban population’s welfare. For example, the value
of the flamingoes in terms of increasing income from ecotourism, may offset the costs
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to protect their habitat when climate change-induced sea level rise will endanger their
nesting sites.
6.
Ecosystem service approach. Going back to the MA, it may be suggested that
addressing the impact of climate change is evaluating what is going to happen with
ecosystem services of Kachchh, and with the biodiversity (including the cultivated one)
that is engaged in providing these services. This under climate change projections,
based on several social-economy-policy options (e.g., “business as usual”, globalized
world, regional world, demographic control, etc.). This can not be done by revising this
document, since it can not be one-person’s project. The “ecosystem assessment” project
is multidisciplinary. The author of this document did an excellent job, tackling a wide
range of disciplines and bringing them together. But no single person can have all the
expertise required for providing a credible and policy-relevant assessment of Kachchh
ecosystems (natural, rangelands, cultivated and urban), the drivers of their change
(focusing on climate change but not ignoring the other social, demographic, economic
and policy drivers), and their linkages to human well-being. What the document can
do is to lay out needs and outlines for such a project, given the information it currently
provides, and the recommendation it can not provide unless such project is taking off.
7.

Minor comments.

a.

Demography – surely the impact of climate change and the ability to adapt to
it would depend on demographic trends. It seem that these are not sufficiently
addressed.

b.

Mangroves – given information on how mangroves performed under the last
Tsunami in the Indian Ocean coasts, it is important to address their significance
not only for fisheries but for protecting settlements and industries closes to the
coastline. This is one of the most important ecosystem services of the mangrove
ecosystem.

c.

Extension services – the recommendation to have research facilities in each of the
talukas is very important, but similarly it is imperative to focus on permanent and
structured extension services, especially in the local context of changing natural
and human systems.

d.

Diagrams and maps –the legends and many of the names and other words are in
too small lettering.

e.

The summaries to each chapter and the general summary not always attend
issues explicitly dealt with in the text. In other words, the summary attends some
important issues that are not (or only very briefly) mentioned in the main text

f.

The overall text can be edited and become somewhat shorter but more focused,
without losing content.
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