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PRIME MINISTER'S OFFICEDr. Sanjaya Baru 
New Delhi · 110 10 IMedia Advisor to PM 

~~Tel : 23016920 

MESSAGE 

The Prime Minister is pleased to know that the National 
Botanical Research Institute, lucknow, and South Asia Cooperali vc 
Environment Programme, Colombo, are organizmg an international 
workshop on Clinlate Change and its impact on Flora in tht! South It 

Asia region from 9th to 11rh March, :2008. 

It is important and necessalY that the countries or South 
Asia work together to deal with the threat of climate change. We 
have a shared geographical environment and have to work together 
to deal with shored and conanon chalJenges. India is willing to work 
with the global community to mitigate and address the causes and 
consequences of cl imate change within the framework of a growing 
economy. Developing countrks have to calch LIp in the journey of 
development and require technology and financial support to deal 
with the problem of climate change. 

he Prime Minister hopes your conference will arrive at 
a cooperati Vc environment programme fer the South Asian region 
and wishes the Workshop all succe!)s. 

(Sanjaya'- Bal~) 

Ma reb 3. 2008 
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South Asia Co-operative Environment 
Programme (SACEP) 

No 10, Anderson Road 
Colombo 05 

Sri Lanka. 

Dr Arvind Ani! Boaz 

Director General, SACEP 

Message 
It is in fu lfillment of our Governing Council decision on including the Adaptation to Climate Change as a 

Prionty Issue in the Work Plan of SACEP that this Workshop is being held in close collaboration with the 

NBRI, a Premier Institution of our South Asian Region. I have wanted to organize this workshop on climate 

change adaptation For qu ite some time. The felt need is particularly because of the growing recognition of 

the links between preventive measures and augmentation to increase res ilience of productive natural 

systems; especially when susceptibil ity appears to be increasing along with th e randomness and intensity of 

perturbations. 

Worldwide, temperatures have risen by 0.6°C over the past 40 years and are predicted to rise by 2-6°C 

over the next century . Precipitation patterns have also changed - some places are receiving more rain than 

they did in the past, some places less. Evidence of cl imate change are evident ti lrough the shrinking 

glaciers, lengthening of mid-to-high-Iatitude growing seasons, pole-ward and altitudinal shifts of plants , 

decline of some plants populations, earlier flowering of trees etc. Natural systems are vulnerable to climate 

ohange and some will be irreversibly damaged due to the limited adaptive capacity. the examples are 

mangroves, borea l and tropical forest, prairie wetlands , native grasslands and biod iversity. Beside this 

many human systems are also sensitive like the water resources. agriculture, especially food security, 

forestry, coastal zones and marine systems. 

Plant responses to climate change depend upon - species and cultivars , soi l properties , pests and 

pathogens, the direct effect of pollutants - CO~. 0 3, methane etc. on plants, interactions between pollutants, 

air temperature. water stress , mineral nutrition. air quality and adaptive responses. 

Climate change is already impacti ng plants and altering the structure of plant communities. Species that are 

particularly vu lnerable to climate change include those with limited ranges and dispersa l abilities . Many 

plan~ species are responding to climate change by advancing the onset of leaf burst, flowering, and fru iting, 

and delaying leaf drop. The growing season is lengthening . The earl ier onset of bud burst, flowering, and 

fru iting could have major impacts on timing-sensitive relationships with pollinators, seed dispersers, and 

herbivores. Events that have long occurred in synchrony may become decoupled , which CQuid especially 
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impact plant species with specialized pollinators and seed dispersers. Adaptation is a necessary strategy at 

all scales to complement climate change mitigation efforts, to reduce adverse impacts of climate change 

and to enhance beneficial impacts . 

South Asian countries show a wide range of variation in climate, altitude and physiography. There is 

considerable divergence of opinion about the magnitude of climate change predicted for this region and its 

effect on plants. Both climate models and observational studies give conflicting and hazy pictures of U1e 

effect of climate change on vegetation . The assessment of impacts of projected cl imate changes on natural 

ecosystems is not based on accurate scientific modeling or field studies at regional level. 

This workshop shall expose the participants to the latest thinking on issues of vulnerability and adaptation in 

the context of biodiversity, agriculture and forestry due to the changes brought by climate change. This is 

regard less of efforts to reduce emissions of greenhouse gases. Besides climate change, topics re lated to 

pollutions of land and water bodies and approaches based on phyto-remediation will also be discussed. 

The inter-disciplinary nature of the work requires expert institutions to pool thei r resources, knowledge and 

information . It is most useful that SACEP and NBRI has been successfu l in bringing together through this 

workshop the experts from neighbourhood countries to reflect in an integrated fashion on the pertinent 

nodal issues and key questions, which are of direct relevance to assessing the impacts of climate change 

on vegetation. The issues will be towards the factors Influencing vulnerability and the aspects related to 

planning for adaptation . 

May th is workshop be a milestone in the issues of Adaptation to Cl imate Change and its impact on Flora 

and the collaborative response by the countries of the region by bringing together thei r expertise, resources 

and information for the benefit of the large population that is so dependent on the natural resources of our 

region 

I wish the workshop a very big success and some very active deliberations to develop the Strategy and the 

way forward for the South Asian Region. 

/d/u.O/Y12 ,~i l 
(Dr Arvind Boaz) 

Director General 

5th March 2008 
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Dr. Rakesh Tuli 
Director NBRI 
Dear Delegates, 

Mess~lge 
On behalf of the National Botanical Research Institute (NBRl) and the South Asia Co-op ralive 
Environment Programme (SAC P), T extend a warm welcome to all the distinguished delegates 
anti guests of the Intemational Workshop on Climate Change & its Impact on Flora of South 
Asia Region being held at NBRl. Lucknow. We are greatly privileged to have with us severa l 
eminent experts, professiona ls and administrators from India and abroad to deliberate and discuss 
the key issues in climate change and its impact on flo ra and vegetation in the South Asia region. 

BRJ takes pride in hosting this meeti ng on such an important ubject tbat faces all of us. 

National Botanical Research Institute (NBRJ ) is a multi-disciplinary plant research institute of 
international repute under the aegi. of Council of Scientific and Jndustrial Research (CSIR), New 
Delhi. Established in 1953 as National Botanic Gardens, the institute was renamed as National 
Botaniea[ Research Institute in 1978 to reflect its national impact and promote the R&D 
c,omponent. Over the years of its progressive growth, the institute has become front ranking 
national centre of excellence for basic and applied research in different areas in plant sciences. The 
institute has a wholesome expertise in plant biodiversity. biotechnology, bioinfonnatics. and 
environmental biology. NBRJ is known for its outstanding contributions in the knowledge base on 
India's plant diversity. and in developing globally competitive biotech and transgenic technologies. 
herbal products and bioremcdiation technologies. Major solution to the problem ' of climate change 
will probably come OLlt of plant sci enc in form of more efficient trees tbat could sequester carbon, 
tC1Testriai and marine plants that could give solution to energy. crop varieties that could utilize 
water more efficiently and stand the change in climate etc. Thus an institllte like NBRl has adeep 
intercst and responsibility in addressing the complex issue of climate change. I am particularly 
bappy and thankful to Dr. Boaz, DG. SACEP for giv ing us tbis opportunity to organize this first 
regional workshop 

The atmospheric tempcratlU'es has ri en Worldwide by O.6°C over the past 40 years and is 
predicted to rise by 2- 6°C over the nexl century. Precipitation pattems have also changed, some 
places are receiving more rai n than they did in the past, some places less. The impact of climate 
change is manifested by the shrink ing glaciers, lengthening of mid-to-high-Iatitude growing 
seasons, pole-ward and altitudinal shirt of plants, decline of some plant populations, abrupt 
changes in phenology in trees, etc. The life support systems on earth, including water resources, 
agnculture, forestry, coa lal zones and mari ne systems are a[1 slIsceptible to climate change. Many 
plant specie are respond ing to climate change by advancing the onset of leaf burst, flowering and 
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fj'uiting, and delaying lea Cdrop. These e\ ents could adversely affect plant Spel:ll'S with spcc ialiLcd 
pollinators and seed dispersers . The phenomenon is clearly visible. and all of us experience it novv. 
Releasing the seriousness or 
the isslIe, and the need lor creative solutions, the Nobel Prize committee has aptly helped the 
globetl commlll11ty by recognizing the distinguIshed contributions or I.P.c.c. (Chalrmall, Dr.R.K. 
Pachauri, India) and AI Gore (Albert Gore Jr., U.S.A) for the Pcacc Prize. 2007. The solutions to 
the threats posed by climate change "viII inJecd ddcnninc long lerm global peace. 

Climate change is a "ital and \\ idely debated issue at global com enr ioll s, world summits, 
int~rnallOnal conferences and symposia. The assessment of impacts of projected climate changes 
on natur~d ccosyslems require marc accurate sci~nl i lie modcling and field ~ludies . IL is not a local 
issue because the cltmate patterns are lietermlned hy globaJ activities, 

anu perhaps beyond. Thcfl~ arc no geographical borders to c!1111<.1tC. Thus, regional discLissions of 
lhe kind planned for lim workshop arc Important to evolve strategies to monitor the impact or 
c1ll1lalt: challge and devise strategies to find lasting solutions. This workshop ~hotlld provide an 
ideal platform 10 lI1itiate iner-disciplinary etTorls among cxperts in"titutillns in South ASlU to pool 
their resources. knowledge and information related to climate change and related issue. and 
develop appropriate <;traleglc action plan to a'iSCS'i the impacls or climate chonge 011 flora and 
vegetation of South Asian region. 

On behul r of NBRJ and <;;\CEP. I Ollec again welcome you all In this lmpol1anl event I look 
forward to the delegates giving their best to the pt·oceedings and cvolving recommendations for 
immcdlat~ and long term Initiatives. I look. forward to the development or a regional foruill lhat 
would sleer future actions in SOLith Asia. 1 thank Dr Boaz. once again <lnd look forward to hIS 
c.;<mying this initiali, e forward as one or the flagship programmes of SACEP. 

,. 

(Rakesh Tuli) 
Patron, Organizing Committee 

& Director, NBRl 

Dr. Rakesh Tllli , 
Director. 

National Botanical Research Institute (NBRI ), 

Rana Pratap Marg, 

Lucknow-22600 1. 
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M.S. SWAMINATHAN RESEARCH 
FOUNDATION, 

3 rt! Cross Street, Taramani 
Institutional Area, Chennai 
(Madras)- 600 113, INDIA 

M.S. Swaminathan 
M.S. SWAMINATHAN RESEARCH FOUNDATION 
Chairman 

MESSAGE 

I am glad that an International Workshop on Climate Change & its Impact on Flora in the 
South Asia Rcgion is being held at NBRl. This is a timely initiative sincc climate changc is likely 
to disturb rainfall patterns, cause a rise in temperatures and also affect sea levels. It is impo11ant to 
make a proactive analysis of the impact of drought, Goods. cyclones and sea level rise on nora. 
This will help to take timely steps to prevent genetic erosion and safeguard priceless Dora. I hope 
the workshop will provide a roadmap for achieving the security of our bioresources under 
conditions of cl imate change. 

I! ph:..-s;J...",,," I{~~ 

M.S. Swaminathan 

3ra Cross Street, Taramani Insti tutional Area, Chennai (Madras)- 600 113, INDIA 

PHONE:I- 91 -44-2254 2790,22541698Fax:+91 -44-2254 1319 , 


E-mail : chairman@mssrf. res.in.swami@mssrf.res.in 
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Director General, 

The Energy and Resources Institute (TERI), 


Darbari Seth Block, IHC Complex, Lodhi Road, 

New Delhi - 110 003, 


INDIA 


Dr. R. K. Pachauri 
Chairman, Intergovernmental Panel on Climate Change (IPCC) 

Message 
1am very happy to learn that the National Botanical Resea rch Institute (NBRl) in parlnership wilh South 

Asia Cooperative Environment Programme (SACEP) is orga nizing an International Workshop on Climate 

Chonge & its Impact on Flora in the South Asia region. The Fourth Assessment Report of the 

Inlergovernmental Panel on Climate Change (IPCC) has clearly bronght out the major impacts of climate 

change that different regions of the worJd are li l'ely to face . In the Synlhesis Report of the IPCC released in 

November 2007 some abrupt and irreversible changes were also highlighted. Among these is the possibility 

of a Lhreat of extinction of 20 to 30 percent of the species assessed by the IPCC, if temperature increases 

exceed 1.5 to 2.5 °c. There is already growing evidence around Lhe world of the adverse imp act of climate 

change on flora. 

The SouLh As ian region being rich in diversity and a region where society depends Lo a great extent on the 

healthy production and conservation offiora is particularly sensitive to the impacts of ('1 imate change. It is, 

therefore, particularly important that all the countries of the SouLh Asian region work together in 

understanding and invest igating this area of climate challge impacts and in devising solutions that would 

allow society to adapt to these impacts. 

I am sure the proposed workshop would produce a great deal of valuable knowledge lhaL would help the 

countries of the South Asian region to manage the grO\ving challenge of climate change and its impacts on 

flora in this region. 

I cOI1\'ey my best wishes to the organizers of the "vorkshop. 

R. K. Pacha uri 
Director G.:nLTal, I he Energy and Resources Insti tute (I ERI) & Chainnan, Intergovernmental Panel 0 0 Climate Change ([PCC) 
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Illdhi I\llUo , Nl:\\ rkII1l - 11() O(), 

Dr. P.S. God 

~) 

international 'Workshop on 'C li mate Change & lts Impact on Flora in th~ South l\SI:l 

Region' is being organJLcd hy l'.BR I in assoc iation with SACFP on (J1)- 12 March lOOR. In 

fact, I would like to congratulate you for choosing this important area no; a con"eqllcncc of 
climate change for elic iti ng internat ional thinking. I wo uld have \ ery 1l1uch liked to come 

ver but due to prior L'omm itments on account of Budget Session 0 f Parl iament. I sha lll10t he 

able to leave headquarters. Accordingly, I regret my mability tn jo in. Ho\,;c\cr r take thi~ 
opportunity to wish all sliccess for the deliberations of the Workshop. 

With WUIl11 regards 

~ 
Februarv 2 L 2008 (P. S. Goel) 

Tel. . 00-9 1-11 -2-B608 74, 243 11254~ I' ax No.: 00-9 1- 11 ~ :!4 36~M-.I. 2,j';(,O:;y) 
r -mn il : dodscc(n. dod.delhi.nie.il) 
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OUNCIL OF CIE~TIFIC & 
INDUSTRIAL RESEARCH, 

Anllsandhan Bhawan, 2, Ra fi Marg, New 
Dclhi- I 1000 I 

Prof. Samir K. Brahmachari 
D,rtdor General SIR 

& 'ecretary, (,overnmenl of India 
I1q"rrl111cnl ,, 1'S~ i enli{ic & Ind ustria l Rc.carc h 

Message 
I am plea ed to note that the National Botanical Research Institute, lucknow. and the South Asia 
Cooperative Environment Progrmnme, Colombo, are joinLly organizing an International Workshop 
Oil Climate Change & its lllipact 011 Flora ill the South Asia Regioll , during 9-12 March 2008, at 
Lucknow. 

Thl: Eruth's climate is changing and its impact on biodiversity and wildlife habitats across the 
planet is already visible. South Asia has an exceptionally rich biological diversity and Ule hi tory 
or rauna and (lora of this region is tied closely to any cl imatic change. Due to the global climate 
change. nearly balf or the SOLlth Asia's biodiversity is at risk and any further unchecked cl imate 
change could lead to an environmental and economic catastrophe. Therefore, there is an mgent 
n~ed for asses ment of impact of climate change 011 natural eco-system by way of accurate 
:scientific modelling. And this needs be done at the regional level, as the South Asian coun tries, 
including India, show a wide range of variation in climate and related parameters. 

Tn thiS scenario, this intemational workshop is very timely and relevant. I am sure, this workshop 
would provide an ideal plalfonn to help evolve a suitable strategy ror the expert institutions in 
South Asia to pool their resources, knowledge and infollllation related to climate change in order 
to assess the impact of climate change on regional flora and vegetation. 

1wish the event all success. 

( am ir K. Brahmachari) 

New Delhi 
March 4, 2008 

Tekphone Office 2371 0472. 23717053 , Fax: 91-11-2371061 8. R sidcuce : 91-1 J-6451 9928. 26834596 
E-mail : dgcsir@csir.res.in&dg@csir.res .in 
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Prof. P. K. Seth. Ph.D. 
FNASe, rnA. f AlviS 

e ll ief Exec utive Officer 

8 iotech Park, LuckJ10W& 


Former Direc tor, rmc 

Tel (Off) : +91 · 522-40 12091, 2733174: 


[PBX: 4012076177, 2365050; Fax: 40120R I 
Email: info0' ,biot~chcitylucknow .or~; 

ceo.biotech@gmail.com 
Website: www.biotechcitylucknow.org 

March 3, 2008 
MESSAGE 

I am extremely happy to learn that National Botanical Research Institute (NBRI) and 
South Asia Cooperative Environment Programme (SACEP) are organizing an 
International Workshop on Climate Change & its Impact on Flora in the South Asia 
region from March 9-12,2008 at NBRI, Lucknow. 

Climate change is occurring continuously over the time, but it has become an 
international issue when scientists agreed on 'global warming' and started drawing future 
scenario impacts with their research experiences. Now, the atmospheric concentration of 
greenhouse gases (GHGs), especially carbon dioxide, has exceeded its previous rate in 
last 650,000 years and caused the rise of global temperature by 0.740 C over the past 100 
years and if it so continued, it is obvious that present climate is bound to change and 
impact all spheres of life directly or indirectly. 

The whole world is in our hands--the outcome and existence of life will be determined by 
our actions. This is our opportunity to make the Earth a better place. 

In this context, the present workshop assumes a great significance. I am sure the 
outcome of the workshop will go a long way in drawing some tangible Clction plan. 
I wish all success to the workshop and congratulate the organizers for selecting such 
an important topic of current interest. 

/", .. 
,",",,·1. Ii! I,
' , _1 . 1",-< l_{ . .f 
',-, 

P.K. SETH 

" 
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FOREWORD 
! f 

~ It is with a great sense of achievement that I present this report on the "Workshop on Climate Change and 
C its impact on Flora in the South Asian Region. It was for the first time that such a regional workshop was 
~ ,. held In South Asia. I am extremely thankfu l to the Government of Ind ia and the National Botanical Research 
1 Institu te for hosting the workshop and conducting it in such a successful manner. It was indeed a privi lege 

J ' to host the experts from all the eight member countries to deliberate on such an important and timely issue. 
" n 	 Climate change is a phenomenon that has had a great impact on the very existence of life on earth. It is a 

vital and holly debated topic all over the worl d. It is already impacting plants and altering the structure of g 
plant communities. Species that are particularly VUlnerable to climate change include those with limited 
ranges and dispersal abilities. The IPCC special report on "Cl imate Change and Biodiversity" clearly 
indicates the adverse impacts of Climate change on natural ecosystems particularly the mangroves, coral 
reefs and wetlands. Climate change will also cause irreversible damage to the unique forest ecosystems of 
thiS region impacting several taxa and rendering several species extinct. Climate change is also arfecting 
the onset of leaf burst, fiowering , and fruiting, and delaying leaf drop. In several cases the growing season 
Is lengthening. The earlier onset of bud burst, flowering, and Fruiting could have major impacts on liming­
sensitive relationships with poll inators, seed dispersers, and herbivores. This will have a major impact on 
food security of nearly 25% of the population of the world that inhabit th is region . 

South Asian countries show a wide range of variation in climate, altitude and physiography. There is 
considerable divergence of opinion about the magnitude of climate change predicted for this region and its 
effect on plants. Both climate models and observational studies give confiicting and hazy pictures of the 
effect of climate change on vegetation. The assessment of impacts of projected climate changes on natural 
ecosystems is not based on accurate scientific modeling or field studies at regional level. I am happy to 
report that this workshop was able to bring together scientists, policy makers and experts to discuss the 
latest thinking on issues of vu lnerability and adaptation in the context of biod iversity , agricu lture and forestry 
due to the changes brought by climate change. It is heartening to note that premier institutions like the 
Forest Research Institutes of India and Pakistan, various other Plant Research laboratories and Universities 
from the South Asian countries were able to re flect in an integrated fashion on the pertinent nodal issues 
and key questions, which are of direct relevance to assessing the impacts of climate change on vegetation. 
The major issues addressed were factors influencing vulnerabi lity and the aspects related to planning for 
adaptation . Besides climate change, topics re lated to pollutions of land and water bodies and approaches 
based on phyto-remediation were also be discussed. 

ThiS workshop has proved to be a milestone in the issues of Adaptation to Climate Change and its impact 
on Flora and I am confiden t that it will serve as a starting pOint for the collaborative response by the 
countries of the reg ion in bring ing together their expertise, resources and information for the benefit of the 
large population that is so dependent on the natura l resources of our reg ion. 

(Dr Arvind Boaz) 

Director General 
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SECTION 01 

INTRODUCTION 

Worldwide, temperatures have risen by 0.6°C over the past 40 years and are predicted to rise by 2- 6°C 
over the next century. Precipitation patterns have also changed - some places are receiving more rain than 
they did in the past, some places less. Evidence of climate change are evident through the shnnking 
glaciers, lengthening of mid-to-h igh-Iatitude growing seasons, poleward and altitudinal shifts of plants, 
decline of some plants populations, earlier flowering of trees etc. Natural systems are vulnerable to climate 
change and some will be irreversibly damaged due to the limited adaptive capacity, the examples are 
mangroves, boreal and tropical forest. prairie wetlands, native grasslands and biodiversity BesIde this 
many human systems are also sensitive like the water resources, agriculture (esp. food security), forestry, 
coastal zones and marine systems. 

Plant responses to climate change depend upon - species and cultivars, soil properties, pests and 
pathogens, the direct effect of pollutants - CO2 , 0 3, methane etc. on plants, interactions between pollutants , 
air temperature , water stress, mineral nutrition , air quality and adaptive responses . 

Climate change is already impacting plants and altering the structure of plant communities. Species that are 
particularly vulnerable to climate change include those with limited ranges and dispersal abilities. Although 
the IUCN Red List of Threatened Species lists climate change as a threat to only seven species (including 
plants and animals), evidence suggests that this estimate under-represents the true threat to rare species. 
Many plant species are responding to climate change by advancmg the onset of leaf burst, flowering, and 
fruiting, and delaying leaf drop. The growing season is lengthening. The earlier onset of bud burst, 
flowering, and fruiting could have major impacts on timing-sensitive relationships with pollinators, seed 
dispersers, and herbivores. Events that have long occurred in synchrony may become decoupled, which 
could especially impact plant species with specialized pollinators and seed dispersers. Adaptation is a 
necessary strategy at all scales to complement climate change mitigation efforts, to reduce adverse impacts 
of climate change and to enhance beneficial impacts. 

The subject of climate change is an important topic at global conventions, world summits , international 
conferences and symposia. Global Climate Change is a reality, a continuous process that needs to be 
taken up seriously at regional level. There are large uncertainties In its spacial and temporal impact and 
need to be examined regionally. 

South Asian countries including India show a wide range of variation in climate, altitude and physiography, 
There is considerable divergence of opinion about the magnitude of climate change predicted for this region 
and its effect on plants. Both climate models and observational studies give conflicting and hazy pictures of 
the effect of climate change on vegetation. The assessment of impacts of projected climate changes on 
natural ecosystems is not based on accurate scientific modeling or field studies at regional level. 

The Workshop 

A four day International Workshop on "Climate Change and its Impact on Flora In the South Asian Region" 
was organized jointly by National Botanical Research Institute (NBRI), Lucknow and South Asia 
Cooperative Environment Programe (SACEP), at NBRI, Lucknow on March 9-12, 2008 About 139 
Scientists, experts and researchers from various parts of India and South-Asian countries viz., Bangladesh, 
Bhutan, Maldives, Pakistan, Sri Lanka, Nepal and Afghanistan partiCipated in the workshop. 

The workshop exposed the participants to the latest thinking on issues of vulnerability and adaptation in the 
context of biodiversity, agriculture and forestry due to the changes brought by climate change. This is 
regardless of efforts to reduce emissions of greenhouse gases 

The inter-disciplinarity of the work requires expert institutions to pool their resources, knowledge and 
information. SACEP brought together the experts from neighborhood countries to reflect in an integrated 
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fashion on the pertinent nodal issues and key questions, which are of direct relevance to assessing the 
impacts of climate change on vegetation. The issues focused towards the faclors influencing vulnerability 
and the aspects related to planning for adaptation . 

This workshop was conducted to carry forward the Priority Area of Adaptation to Climate change that was 
identified as one of the main priority areas at the gjt, Governing Council of SACEP collaborating With the 
National Botanical Research Institute (NBRI). The National Botanical Research Institute (NBRI) is the 
premier nalional plant research center for India under the umbrella of Council of Scientific and Industrial 
Research (CSIR) an internationally well-known research organisation of lhe foot of India and It focuses on 
both basic and applied aspects of plant sciences. It caters to the need of almost every aspect of plant 
research in South Asian region in general and India in particular. 

Scope 

The scope of the workshop was to develop key role in the area of climate change and its effect on 
biodiversity of variOUS locations! ecosystems and areas like; agriculture, forestry of Soulh Asian countries 
were discussed in common. Besides, speCific impacts to the flora, like carbon sequestration in changing 
climatic condition and plant nutrient I metal interaction etc. also discussed . Finally, a region specific 
recommendation for enhancing environmental sustainability was prepared. Various deliberations and 
discussions pertaining to various subsets of climate change interactions with flora were formulated In a 
project mode docume'nt . 

Developed and discussed the projections of climate change and it's Impact on the flora In the 08 countries 
in South Asia. 

Outputs· 
• 	 Initiate a collaborative network to study regional impact of climate change in South Asia. 
• 	 Published research papers summarizing the expected impacts of climate change on flora In South 

Asian countries. 
• 	 Proposal on "Impact of Climate Change on Flora: A South Asian Initiative" was developed 
• 	 Adopted Lucknow Declaration on "Climate Change and it's Impact on Flora In the South Asian 

Region" also attached 

Workshop Recommendations 
• 	 Development of collaborative network to study regional impact of climate change in South Asia , 
• 	 Development of a strategy for region specific studies on climate change, pollutants and response of 

regional flora . 
• 	 Identification of crop varieties for higher adaptabilily to different parameters of climate change 

factors 
• 	 Predictive modeling under laboratory and field condilions with appropriate format and tools 
• 	 Establishment of regional facilities for data development on climate change and effects on local 

flora In different countries in South Asia. 
• 	 Development of South Asian information network to enhance awareness about cl imate change and 

other environmental pollutants. 
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SECTION 02 


Inauguration Ceremony 09.03.08 (Day 1) 

The workshop was aimed to provide an international forum for serious scientific discussion and 
deliberations to develop projections on climate change and its impact on the flora in various countries of 
South Asia. 

9th In the inaugural function held on March, 2009, Dr. Rakesh TUIi . Director NBRI , welcomed the 
participants from different countries an introduced the theme of the workshop . He emphasized that the 
workshop was to provide an ideal platform to in itiate interdisciplinary work among experts in South Asia to 
pool their resources, knowledge and information related to climate change, and develop appropriate 
strategic action to assess the impact of climate change on flora and vegetation of South Asian region . 

Dr Arvind Ani l Boaz, Director General , SACEP in his inaugural address enlightened on the issues of 
vu lnerabil ity and adaptation in the context of bio-diversity , agriculture and forestry due to the changes 

rought by climate change. He said that the workshop would develop strategies for regional research and 
development of South Asian in formation network for enhancing the preparedness for global climate change 
and enhance the mutual cooperation in the South Asian ountries. 

The Chief Guest, Prof. NH .Rravindranath , of Indian Institute of Science, Bangalore said 'The South Asia 
region inhabited by about five million people wi ll be most affected by adverse climate change". Elaborating 
further Prof. Ravindranath emphasized that there had been a consistent rise in the green house gas 
emission especially between 1970 to 2006 As a result of th is, North West India, Pakistan, Nepal would see 
more warming conditions which would be detrimental for the vegetation of the region. In his key note 
address he said that the climate change wou ld also adversely affect the bio-divers ity. Prof. 
N H.Rravindranath , further mentioned that Indian Institute of Science, Bangalore has capacity to hosting of 
Training Programme on this issue. 

The workshop was divided in seven sessions starting from the cl imate change scenario in different 
countries where all participating countries expert gave their country presentation emphasizing the extent of 
greenhouse gas emission and the effect on agriculture, forest and marine flora in their countries . 

Session 1 Climate Change - Scenario in different countries 

• Chairperson: Prof. N.H Ravindranath ,IISc, Bangalore 
• Rapporteur: Prof. A.S . Raghuvanshi.BHU, Varanasi 

Lead Lectures 

• "Climate Change and Environmental Impact : An Indian Perspective" J.S Pandey, NEERI, Nagpur 
• "Climate Cahnge Impact on Plants" Prof. e.K Varshney, New Delhi (20 Min.) 

Dr. J.S. Pandey, Deputy Director & Science Secretary, National Environmenta l Engineering Research 
Institute (NEERI), NAGPUR, India, discussed the Development of a Dynamic and Predicti ve Model for 
EcologIcal Footprinting (EF) and explained trle earlier models were static (no time-variation) and this model 
is dynamic (can be used for future predict ions) and condition for ecologica l sustainability has been derived 
and tested . 

Dr. Pandey further explained a Scavenging Dependent Air Basin Ecological Risk Assessment (SABERA)­
Model Applied to Acid Rain Impact Around Delhi City, India . Many of even the most recently applied 
ecological risk assessment models have dealt with ecological risks only on the basis of single-species 
toxicity tests. Moreover, they have seldom treated the integrated and the complete ecological unit for the 
risk assessment. In other words, parameters which regulate many of those very important ecological 
interactions at land-water, ai r-land, and ai r-water interfaces. Therefore , a realistic ecological risk 
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assessment model has been developed and applied for the air basin surround ing Delhi City in 
India. Variations in four important parameters - leaf area index, precipitation intensity, plant-leaf stomatal 
density, and mixing height has been studied . 

Session 2 Climate Change and Biodiversity 

The second session concentrated on the effect of climate change on the biodiversity. The deliberations 
focused on the impacts from climate change and disruption of ecosystems such as Himalayan region, 
marine biota , desert conifer family and evergreen forest of Western Ghats leading to tremendous loss of 
biodiversity . 

• Chairperson: Mr. San deep Tripathi , ICFRE, Dehradun 
• Rapporteur : Dr. V. Nath , NBRI, Lucknow 

Country Presentations I 

Country delegates of Afghanistan , Bangladesh, Bhutan and Maldives presented on the efforts of the country 
governments on the above issue with a brief on how they cou ld contribute to the objectives of the workshop. 

Mr. Saeed Ibrahim Sherzai , Energy Efficiency Officer FFEM Project and Multilateral Environment 
Agreement Officer (Climate Change) of Afghanistan , mentioned that as the Afghanistan is formulising the 
work plan on Cl iamte Change Issues, they need the help of member countries to institutionalise these 
issues in Afghanistan. 

Mr. Md. Bil lal Hossain, Deputy Director, Department of Environment and Mr. Haradhan Banik, Assistant 
Chief Conservator of Forest, Department of Forest, Bangladesh presented detailed activities under the 
Climate Change issues on Flora. 

Mr. Lobzang Dorji , Chief Forestry Officer, Department of Forests, Ministry of Agricu lture, Royal Government 
of Bhutan , exp lained the Glacier outburst is the most vulnerable to Bhutan due to climate change effect. 

Mr. Ibrahim Naeem, Director Ministry of Environment, Energy and Water, Republic of Maldives mentioned 
that although they are one of the least contributors to the GHG emission, Maldives is the highly susceptible 
for the Climate Change effects. Storm surges are also now common in Maldives wh ich severly affects the 
coastal flora . 

Lead Lectures 

• 	"Impact of increased anthropogenic activites on marine biota" Dr. Baban Ingole , NIO, Goa 
• 	"Climate Change and It's Impact on Biod iversity: An Indian Perspective" Dr. J.P.N. Rai , G.B,P.UA&T., 

Pantnagar 
• 	"Carbon Sequstration potential Studies in Forest and Ageo-ecosystem In Centra l Himalayan Region of 

India. Prof. Uma Melkania, Pantnagar University, Pantnagar 

Country Presentations II 

Country delegates of Nepal , Sri Lanka, Pakistan, presented their presentations 

Prof. Sant Bahadur Gurung, Department of Agricultural Botany, Institute of Agriculture and Animal Science, 
Nepal, highl ighted the important of the Curricu la and Educational Programme under Climate Change issues 
on Flora. 

Mr. Raja Khalid Hussain,Director General, Pakistan Forest Institute (P FI), also discussed how the cl imate 
change effects for flora giving specific examples. 

Mr. MAA.M. Jayarathne, Additional Conservator of Forest, Forest Department, Sri Lan ka explained how 
different ecosystems of Sri Lanka affects the Climate Change effects. 
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Welcome address by Dr. Rakesh Tuli, Director, NBRI 
Dear Delegates, 

On behalf of the Nationa l Botanical Research Insti tute (NBRI) and the South Asia Co-operative 
Environment Programme (SACEP), I extend a warm welcome to all the distinguished delegates and guests 
of the International Workshop on Climate Change & its Impact on Flora of South Asia Region being 
held at NBRI, Lucknow. We are greatly privileged to have with us severa l eminent experts, professionals 
and administrators from India and abroad to deliberate and discuss the key issues in climate change and its 
impact on flora and vegetation in the South Asia region . NBRI takes pride in hosting this meeting on such 
an important subject that faces al l of us. 

National Botanical Research Institute (NBRI) is a multi -disciplinary plan t research institute of international 
repute under the aegis of Council of Scientifi c and Industrial Research (CSIR), New Delhi . Established in 
1953 as National Botanic Gardens, the institute was renamed as Nationa l Botanical Research Institute in 
1978 to reflect its na tional Impact and promote the R&D component. Over the years of its progressive 
growth , the institute has become fron t ranking national centre of excellence for basic and applied research 
In different areas in plant sciences. The institute ilas a wholesome expertise in plant biodiversity, 
biotechnology, bioinformatics, and envi ronmental biology. NBRI is known for its outstanding contributions in 
the knowledge base on India's plant divers ity , and in devel ping globally competitive biotech and transgen ic 
lechnologies, herbal products and bioremediation technologies. Major solution to the problems of climate 
change will probably come out of plant science in form of more effi cient trees that could sequester carbon, 
terrestria l and marine plants that could give solution to energy, crop varieties tha t could utilize water more 
efficiently and stand the change in cl imate etc. Thus an institute like NBRI has adeep interest and 
responsibility in addressing the complex issue of climate change. I am particularly happy and thankfu l to Dr. 
Boaz, DG , SACEP for giving us this opportuni ty to organ ize th is fi rst regional workshop 

The atmospheric temperatures has risen Worldwide by 0 6°C over the past 40 years and is predicted to 
ri se by 2- 6°C over the next century. Precipitation patterns have also changed, some places are receiving 
more rain than they did in the past, some places less. The impact of cl imate change is manifested by the 
shrinking glaciers, lengthening of mid-to-high-Iatitude growing seasons, pole-ward and altitudinal shift of 
plants, decline of some plant popu lations, abrupt changes in phenology in trees, etc. The life support 
systems on earth, includ ing water resources , agriculture, forestry, coastal zones and marine systems are all 
susceptible to climate ch nge. Many plant species are responding to climate change by advancing the 
onset of leaf burst, flowering and fru iting, and delaying leaf drop These events could adversely affect plant 
species with specialized pol linators and seed dispersers . The phenomenon is clearly visible, and all of us 
experience it now. Releasing the seriousness of the issue, and the need for creative solutions, the Nobel 
Prize committee has aptly helped the global commun ity by recognizing the distinguished contributions of 
I P C.C. (Chairman, DrRK. Pachauri , India ) and AI Gore (Albert Gore Jr., U.S .A) for the Peace Prize, 2007 
The solutions to the threats passed by climate change will indeed determine long term globa l peace . 

Climate change is a vital and widely debated issue at global conventions, wo rld summits , international 
conferences and sympos ia. Tile assessment of impacts of projected climate changes on natural 
ecosystems require more accurate scienti fic modeling and field studies. It is not a local issue because the 
climate patterns are determined by global activities, and perhaps beyond. There are no geographical 
borders to climate. Thus, regional discussions of the ki nd planned for th is workshop are important to evolve 
strategies to monitor the impact of climate change and devise strategies to find lasting solutions. This 
workshop should provide an ideal platform to initiate iner-disciplinary efforts among experts institutions in 
Soulh Asia to pool their resources, knowledge and information related to climate change and related issue, 
and develop appropriate stra tegic action plan to assess the impacts of climate change on flora and 
vegetation of South Asian region. 

On behalf of NBRI and SACEP, I once again welcome you all to this important event. I look forward to the 
delegates giving their best to the proceedings and evol ving recommendations for immediate and long term 
Initiatives. I look forward to the development of a regional forum that would steer future actions in South 
Asia . I thank Dr Boaz, once again and look forward to his carrying this initiative forward as one of the 
nagship programmes of SACEP. 
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Address of Dr Arvind Anil Boaz, Director General, SACEP 

Dr. Rakesh Tuli , Director, NBRI , Dr. C.K. Varshney JNU, New Delhi Dr. Subodh Sharma , Advisor MoEF, 
New Delhi, Prof. N.H. Ravindranath, IISc, Bangalore and colleagues from the Ministries of Environment, 

Welcome to the workshop on Climate Change & its Impact on Flora in the South Asian Region . We 
appreciate your efforts to travel large distances after re-scheduling your activities . Thanks indeed for 
accepting our invitation. Your interest reflects the importance of the present in itiati ve. I am aware of your 
contributions to the growing body of knowledge and hand-holding initiatives in the field of climate change 
Impact and mitigation . Your inputs will be valuable to consolidate and strengthen the way forward to 
address challenges in adaptation at the regional level in South Asia . 

The Global statistics on Climate Change are alarming. The earth is getting hotter, temperatures are risin~ 
as a result of increased concentrati ons of greenhouse gases in the atmosphere. The recently released 41 

Assessment report of the IPCC makes this very clear. Most alarmingly, the people of the planet are advised 
to expect Significant physica l, biologica l economic and sociological consequences of th is viral change. 
Equally clear from th e report is that any attempts to moderate these impacts will require immediate action 
across all levels -global , regional , national and loca l. 

South Asian countries show a wide range of variation in climate, altitude and physiography There is 
considerable divergence of opinion about the magnitude of climate change predicted for this reg ion and its 
effect on plants. Both climate models and observational studies give confl icting and hazy pictures of the 
effect of climate change on vegetation The assessment of impacts of projected climate changes on natural 
ecosystems is not based on accurate scientific modeling or fi eld studies at regional level. 

I have wanted to organize this workshop on climate change & its Impact on Flora in the South Asian Region 
for quite some time. My interest was generated from the felt need from the Scoping Exercise on Climate 
Change that we held at SACEP in January 2007 in which discussions were led by the Hon' Mr Mohan 
Munasinghe, the Vice Chair of the IPCC , who had been kind enough to send a senior member of his 
Institute , to this workshop as he was unable to attend because of his preoccupations. Th is interest was 
further articulated in the 10lh Governing Counci l meeting of SACEP last year. The felt need has been 
reinforced because of the growing recognition of the links between preventive measures and augmentation 
to increase res il ience of systems; especially when susceptibi lity appears to be increasing along with the 
randomness and intensity of perturbations. 

This also leads us to the next aspect of the relatively lesser importance given to adaptation efforts vis-a-vis 
mitigation ; thus calling for concerted efforts to focus on adaptation opportun ities . Is it because of the 
rel atively more complex nature if adaptation frameworks involving several cross-cutting themes impinging 
on developmental imperatives or the lack of preci se quantification tools and techniques unlike targeted 
mitigation goals and approaches. I invite you to deliberate on these aspects . 

I wish to highl ight the fact that the Governing Council of SACEP has mandated work on adaptation through 
this scoping initiative. We need to provide the Council with a clear understanding of the regional consensus 
on prioritizing cl imate change related impact on flora and set the agenda in conjunction with the 
developmental and environmental protection imperatives at the local , regional and global levels. The 
questions we wish to therefore find answers for are , 

01. What are the principal Impact and mitigation related issues in the region on Flora? 

02 	 Do we th ink it will be useful for SACEP and NBRI to initiate intensive assessments through reality 
checks on 
a. 	 Adequacy of information on Floral eco-system vis-a-vis susceptibility to Climate Change 
b. 	 Existing institutional and technical strengths to assess and guide implementation of solutions 

within location-specific frameworks 
c. 	 Indigenous solutions which need to be significantly up-scaled and in this process ,avoid 

duplication of efforts . You may agree that the scope for technical and technological cooperation 
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at the regional level is quite significant in this context. This could signify a true South - South 
cooperation model of enabling Impact - focused development 

d Is it possible to also establish a few pilots which demonstrate the feasibility of evolving 
appropriate systems integrating institutional, technical and technological collaborations on the 
regional level. 

I am raiSing these questions to draw your attention to the framework of discussions so that a road map for 
our work may be charted . I invite you all to provide leadership in this joint initiative which we have had the 
priVilege of kick-staring . I am sure you have the necessary insights to provide clear answers to the 
questions I have raised for your consideration . 

I am glad that our thinking is inline with the NBRI and reflects the questions raised earlier by me. I am sure 
Dr Rakesh TUIi, Director, NBRI , will be able to help design and evaluate appropriate tools which may be 
used by relevant stakeholders in this process. NBRI as the premier national plant research cenler for India 
under the umbrella of Council of Scientific and Industrial Research (CSIR) an internationally well-known 
research organ isation of India and it focuses on both basic and applied aspects of plant sciences. I am sure 
thIS initiative would caters to the need of almost every aspect of plant research in South Asian 

SACEP and NBRI are planning to wish re-visit you after the Governing Counci l deliberations th is month to 
seek your guidance and involvement based on mutually acceptable terms to fu lfil l the regional agenda of 
Improving preparedness to adapt through the following objectives ; 

• Development of collaborative network to study regional impact of climate change in South Asia . 
Development of a strategy for region speci fic studies on climate change, pollutants and response of 

regional flora. 
.. Identification of crop varieties for higher adaptability to different parameters of cl imate change 
factors. 
• Establishment of regional faci lities for data development on climate change and effects on local 
flora in different countries in South Asia . 
• Development of South Asian information network to enhance awareness about climate change and 
other environmental pollutants. 

I am confident that the result of our deliberations here will help us to take immediate steps to create a South 
Asi3n forum for enhanclrlg the preparedness to face the challenges posed by the global climate change to 
regional flora and ecosystems. 

I once again welcome Prof. N.H. Ravindranath, IISc, Bangalore who is one of the lead authorities on the 
subJecl, his inputs here will set the stage for the deliberations appropriately. Dr. Rakesh Tul i Director, NBRI 
With all his experience on bio-diversity and his research considerations related to Climate Change; Dr. CK 
Varshney JNU coming as he does from one of the foremost schools of ecological research, contnbuting to 
the body of knowledge through the IPCC wil l undoubtedly add to the value of the deliberations. 

It )s unfortunate that Our Han' Prof Mohan Munasinghe from Sri lanka and Dr. Atiq Rahman from BCAS 
Bangladesh could not join us. However we wil l communicate witll them regarding the outcome of thiS 
meeting and seek their views on the issues. I am also indebted to all my country governments for 
consenting to my request to send delegates to this important meet and to all delegates to have spared their 
valuable time and for their immense effort to come to this workshop Thank you for being with us now and I 
hope that the discussion will yield a concrete suggestion to the Ministerial meeting at the end of this April 
2008. 
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Key note address, Prof. N.H. Ravindranath, liSe, Bangalore 
Prof. N.H. Ravindranath. Centre for Sustainable Technologies, Indian Institute of Science,Banga/ore 

Impact of Climate Change on Biodiversity in Forest and Natural Ecosystems in India 

Climate is probably the most important determinant of vegetation pattern s globally and has significant 
influence on the distribution, structure and ecology of forests and other natura l ecosystems. Several 
climate- vegetation stud ies have shown that certa in climatic reg imes are associated with particu lar plant 
communities or functional types. It is therefore logica l to assume that changes in cl imate would alter th e 
configuration of forest and other ecosystems. 

The Third Assessment Report of IPCC con cl uded that recent modell ing studies indicate that forest 
ecosystems could be seriously impacted by futu re cl imate change. Even with global wa rm ing of 1- 2°C, 
much less than the most recent projections of warming during th is century, niost ecosystems and 
landscapes will be impacted through changes in species compos ition , productivity and biodiversity. These 
have implications for the livelihoods of people who depend on forest resou rces for their live lihoods. 

The Fourth Assessment Report of IPCC made the following conclu sions on impacts of climate change on 
ecosystems (IPCC, 2007) . 

•:. The resilience of many ecosystems is likely to be exceeded this century by an 
unprecedented combination of climate change, associated disturbances (e.g. fl ood ing, 
drought, wi ldfire, insects. ocean acid ification), and other global change drivers (e .g land­
use change, pollution , fragmentation of natural systems, over-exploitation of resources) . 

•:. Over the course of this century, net carbon uptake by terrestrial ecosystems is likely to 
peak before mid-century and th en weaken or even reverse, thus amplifying cl imate 
change . 

•:. Approximately 20-30% of plant and animal species assessed so far are likely to be at 
increased risk of ext inction if increases in global average temperature exceed 1.5-2.50C 
(mini mum confidence) . 

•:. For increases in global average temperature exceed ing 1.5-2.50C and in concomitant 
atmospheric C0 2 concentrations, there are projected to be major changes in ecosystem 
structure and function , species ecological interactions, and shifts in species' geographical 
ranges, with predomi nantly negative consequences for biodiversity and ecosystem goods 
and services, e go water and food supply. 

India is a mega-biodiversity country where forests account for about 20% (64 million ha) of the geographical 
area. With nearly 200,000 vil lages classified as forest villages, there is obviously large dependence of 
communiti es on forest resources. Thus it is important to assess the likely impacts of projected climate 
change on forests and develop and implement adaptation strategies for both biodiversity conservation and 
the livel ihoods of forest-de pendent people. 

Prelim inary qualitative assessments of potential climate change impacts on forests in India were based on 
earlier GCM (General Circulation Model) outputs of climate change that have undergone considerable re­
finement. Following this there were two regional studies, the first pertaining to potential climate change 
impacts on forests in the northern state of Himachal Pradesh, and the second in the Western Ghats . These 
studies indicated moderate to large-scale shifts in vegetation types, with implications for forest dieback and 
biodiversity. The studies conducted in India so far have had several limitat ions, e .g . coarse reso lution of the 
input data and model outputs due to the use of GCM scale grids, the use of earlier versions of the BlOME 
model that had limited capability in categorizing plant functional types, and the absence of any national level 
model-based assessment of climate impacts. A recent study us ing the BIOME3 model and climate change 
scenarios of HadCM2 projected large-scale shifts in areas under different vegetation types and an increase 
in NPP As part of our ongoing efforts in refining our predictive capabi lities, the present study assesses the 

otential impacts of future climate change on forest ecosystems at the national level based on ReM 
(Regional Climate Model) projections and a more advanced version of the BlOME model 
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Current and future climate patterns 

The mean C\nnua! precipitation over India as computed from the CRU data was seen to be about 1094 mm 
and the mean annual temperature was about 22.7oC. The projected climate (average for 2071-2100) for 
tile more moderate B2 scenario is both wetter (an average increase of about 220 mm) and warmer (an 
average Increase of about 2.9°C) compared to the HadRM3 baseline. The corresponding values of increase 
for the more extreme A2 scenario are about 300 mm and 4.20C respective ly. The mean annual precipitation 
for the projected values for B2 scenario turns out to be 1314 mm and the projected mean temperature is 
about 25.6oC. There is considerab le geographical variation in the magnitude of changes for both 
temperature as well as rainfa ll 

North-western India is likely to become drier, while north-eastern India is likely to become much wetter The 
temperature increase in north-western India is also much more than that in the northeast. Southern and 
south-eastern parts of India are likely to experience on ly a moderate increase in temperature. 

Changes in climate over forested areas 

The high-resolution data from FSI (Forest Survey of India) can be used to map the location of various types 
of forests across India. The major forest types in India (those occupying 0.5% or more of the forested area) 
and their areas are given in Table 1. Forests in India are extremely diverse and heterogeneous in nalure , 
and it is difficult to classify them in to a small number of categories. As a result, the pan-Indian 
'Miscel laneou forest' category (wi th no dominant species) shows the highest (63%) proportion. The 
miscellaneous forest area occurs under all the forest types . The other two most dominant forest types are 
Shorea robusta or sal (12%) in the eastern part of Central India and Tectona grandis or teak (9 .5%), spread 
across Central India and the Western Ghats in Southern India. The climate impact analysiS is carried out for 
the FSI forest categories as well as the BlOME model vegetation types. 

Changes in climate in the forest areas are presented in Table 1 using the 82 scenario projection s and FSI 
categories of forests. The temperatu re and rainfall means are obta ined by considering all the grids of each 
forest type, occurring in different parts of India. In general, under the 82 scenario projections, the mean 
rainfall (and mean temperature) in areas under forest cover is somewhat higher than that In the non­
forested areas. The increase expected in rainfa ll under the changed climate is also relatively larger for the 
forested areas, about 376 mm compared to the overall average of about 235 mm. The mean change in 
temperature, however, is not different from that in the non-forested reg ions. As expected, the changes in 
climate are not uni- form across the different forest types - ranging from a large increase of more than 550 
mm/year for hardwood and bamboo forests to a modest 220 mm for the colder fi r/blue-pine forests (Table 
1 ). 
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Figure 1. Percentage of grids under different forest types undergoing change in A2 and B2 GHG Scenario. 

The changes In temperature also show a striking pattern, with colder forests being subjected to a larger in­
creaSe of about 30e, compared to the Western Ghat evergreen forests , which on an average become 
warmer by on ly about 2.4oe, compared to the national average of 2.9()e under the B2 scenario The 
changes under the more extreme A2 scenario are qualitatively similar to those described above, except that 
the magnitude of change is larger Most of the forests show an increase of about 4(Je with the northern 
temperate forests being subjected to about 4.6°e increase, wh ile the Western Ghat evergreen forests show 
the least change of about 3,30e 

Impact of climate change on forest types and distribution 
A comparison of the extent of area that is likely to occur in each of the forest types under the present 
climate regime, and tilat under the two future cl imate scenarios reveals the magnitude of cllanges that are 
expected to take place in each of the forest types (Fig 1). The BIOME4 model was run for a total of 10,864 
grid points (10 min ' 10 min ) located in the Indian region , using the eRU 10-min climatology . Due to gaps in 
data related to soi l parameter values, the model could assign vegetation lypes to only 10,429 of these grid 
points. As mentioned earlier, a comparison with the FSI database (available at a much finer resolution of 
2.5 min' 2.5 min) allowed us to use the information from 35,190 FSI grids There was a reasonable match 
between the forest types predicted by BIOME4 wi th the forest types assigned by FSI Thus, tropical 
evergreen forests were seen in the southern Western Ghats and in the northeastern region , while the 
temperate forests were seen to occur in regions corresponding to fir/spruce/ deodar forests. 

Forest Biodiversity 
A review of stud ies by IPce and Gitay et al. has shown that forest biodivers ity or the species assemblage is 
projected to undergo changes due to the projected climate ctlange , Biodiversity is li kely to be impacted 
under the projected climate scenarios due to the changes or shifts in forest or vegetation types (in 57 to 
60% of forested grids), forest die back during the trans ient phase, and different species responding 
differently to climate changes even when there is no change in forest type. Climate change wi ll be an 
add itional pressure and will exacerbate the decli nes in biodiversity resu lting from socia-economic 
pressures. .\ 
The climate impact assessment made for Indian forest sector using regiona l climate model (HadRM3) 
outputs and BIOME4 vegetation mode l has shown that nearly 68 to 77% of the forested grids are like ly to 
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experience change, which includes loss of area under a given forest type and replacement by another type 
from the prevailing forest type by 2085. In other words , over half of the vegetation Is likely to find itself less 
optimally adapted to its existing location , making it vulnerable to adverse climatic conditions and to biotic 
stresses . Further, the actual negative impact may be more than what is initially expected from the above 
description. This is because different species respond differently to the changes in climate. Thus, one 
expects that a few species may show a steep decline in populations and perhaps even local extinctions 
This In turn, will affect the other taxa dependent on the dif- ferent species (ie. a 'domino' effect) because of 
the interdependent nature of the many plant- animal-microbe communities that are known to exist in forest 
ecosystems This cou ld eventual ly lead to major changes in the biodiversity. The positive impact of 
projected climate change, under the A2 and B2 scenario, is the projected increase in NPP. Thus , the 
projected climate impacts are likely to have significant implications for forest management in India . 

Thus, climate change could cause irreversible damage to unique forest ecosystems and biodiversity, 
rendenng several species extinct, locally and globally. Forest ecosystems require the longest response time 
to adapt, say through migration and regrowth. Further, a long gestation period is involved in developing and 
implementing adaptation strategies in the fo rest sector. Thus there is a need to develop and implement 
adaptation strategies. Adaptation is adjustment in natural or human systems in response to actua l or 
expected climatic stimuli and their impacts on natura l and socio-economic systems. 

Impact of climate change on biodiversity of natural ecosystems 
The IPec special report on "Climate change and Biodiversity" reports of adverse impacts of climate change 
on natural ecosystems, particu larly the coral reefs, mangroves and wetlands. 

) . Coral reef and Mangroves: Coral reefs will be negatively affected by beaching and reduced calcification, 
which can lead to the loss of many reef-associated communities and species. Consequently there will a loss 

in­ of revenue from tourism and fisheries sectors Mangroves, seagrass beds and other coastal ecosystems will 
ne be adversely impacted by increased temperatures and accelerated sea level rise Sa lt water intrusions into 
he fresh water habitats wil l affect biodiversi ty. Coastal wetlands play an important role in the economy of the 
lat country, especially in fisheries. The mangroves and the coral reefs in particular are important nurseries for 
~rn several fishes, prawns and crabs. Of the annual fish catch of about 5.6 Mt, about half is from marine 
)w fishenes; the coral reefs and associated shelves and lagoons alone have the potential for about 10 per cent 

of the total marine fish yields. Climate change impacts on the coastal wetlands would thus have serious 
consequences for the livelihoods of people, as well as the integrity of the coastal environment. 

,nt Impacts on Mangroves: Impacts of climate change on mangrove ecosystems is governed by factors such 
re as sea-level changes, storm surges, fresh-water flows in rivers both from precip itation in their catchments 
34 as well as from snow mel t in the mountains, local precipitation, and temperature changes that would 
in influence evapo-transpiration . Sea-level rise would increase the salinity of wetlands and submerge the 
'id mangroves as well. As a result, mangroves with higher salinity tolerance would be favoured. At the same 
of time, increased snowmelt in the western Himalayas could bring larger quantities of fresh water into the 
;h GangetiC delta with sign ificant consequences for the composition of the Sunderbans mangroves. Changes 
al In local temperature and precipitation would also influence the salinity of the mangrove wetlands and have a 
Ie bearing on plant composition. Any increase in freshwater flows would favour mangrove species that have 

least tolerance to salinity. 

Impacts on Wetlands: Climate change impacts on inland wetlands is a complex issue, dependent on 
is several variables such as increased temperature, rate of evaporation, changes in precipitation of the 
,d catchment, changes- in nutrient cycling and responses of a variety of aquatic species. Although tropical 
.0 lakes are less likely to be impacted by climate change as compared to temperate lakes, an increase in 
g temperature would alter the therm al cycles of lakes, oxygen solubi lity and other compounds, and affect the 
n ecosystem. In high-altitude lakes an increased temperature would result in the loss of winter ice cover; 
c causing a major change in the seasonal cycle and species composition of the lake. Reduced oxygen 

concentration could alter community structure, characterized by fewer species, especially if exacerbated by 
I) eutroph ication from surrounding land use. Lake-level changes from increased temperature and changes in 
o precipitation wou ld also alter community structure. 

o 
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Impacts on Grasslands: There are fi ve major gra ssland types recogn ized in India, on the basis of species 
associations, geograph ical location and climatic factors. The same anthropogenic factors such as livestock 
grazing and fire that were responsible for crea ting many of the grassland types in the country are also 
involved in their degradation . While moderate levels of grazing could be sustainable and even promote 
plant species diversity, heavy grazing reduces the plant cover and el iminates palatable grasses and herbs 
while promoting the growth of unpalatable plants. When considering the likely impact of future cl imate 
change on natural grasslands, we need to cons ider several factors including the direct response of grasses 
to enhanced atmospheric CO2 , as well as changes in temperature, precipitation and soil moisture . 

It IS well known that C3 and C4 plants respond differently to atmospheric CO2 levels and also to 
temperature and soil moisture levels. The C4 plants constitute much of the biomass of tropica l grasslands 
and include the arid, semi-arid and moist grasslands in India Til ese plants thrive well under conditions of 
lower atmospheric CO2 levels, higher temperatures and lower soil moisture, while C3 plants exhibit 
opposing traits . GCM model projections of HadCM2 for India ind icate an increase in precipitation by up to 
30 per cent for the north-eastern region in addition to a relatively moderate increase in temperature of about 
2° C by the period 2041-2060. This could increase the incidence of flooding in the Brahmaputra basin and 
thus favour maintenance of moist grasslands in the regions. The HadCM2 projections for the rest of the 
country (southern , centra l and north-western India are a steep increase in temperatu re of 3° C in the south 
(except along the coast) to over 4°C in the northwest, and a decrease in precipitat ion of over 30% in the 
northwest with little change in parts of the sou th Such a temperature increase and ra infall decrease wou ld 
cause major changes in the composition of current day vegetation in these reg ions, wi th an overall shift to a 
more arid type. Increased atmospheric CO? levels and temperatures , resu lting in lowered incidence of frost , 
wou ld favour C3, plants includ ing exotic weeds such as wattle that cou ld invade the montane grasslands of 
the Western Ghats . Ris ing temperatures would also impact coo l, temperate grasslands of the Himalayas, 
promoting upward migration of woody plants from lower elevations . 

The globa l circulation models are robust in projecting mean temperature at global level compared to their 
abili ty for making projections at regional level. The uncertainty involved in projections of precipitation 
changes is higher at global and particu larly at regional level. The climate projection s, part icularly the ra infa ll 
projections, have high uncerta inty and vary from model to model. The BlOME is an equilibrium model and 
does not project the tra nsient phase vegetation responses. The use of equilibrium and particularly the 
dynamic models is characterized by data limitations re lated to climate parameters, soi l characteristics and 
plant physiological functions. Thus, the projections of impacts using the outputs of the current climate 
models and vegetation response models are characterized by high uncerta inty. There is therefore a need to 
improve the reliability of climate projections at regional level and use of dynamic vegetation models. Data 
limitations need to be overcome by initiating stud ies to develop database on forest vegetation 
cha racteristics and plant functional types, plant physiologica l parameters, so il and water da ta and socio­
economic dependence and pressures on forest ecosystems. Research on impact of climate change on 
natural ecosystems such as cora l reef, mangroves, wetland and grasslands is very lim ited. Thus there is a 
need to intenSify modelling and research efforts on impact of climate ch ange on fl ora and fauna of Asia . 

Note based on: 
1. 	 Ravindranath, N. H., Joshi, NY, Sukumar, R. and Saxena, A, "Impact of Climate Change on 

Forest in India" Current Science, Vol . 90 , No 3, 10 Feb 2006. 
2. 	 Ravindranath N.H., Joshi , NY , Sukumar, R. , Indu, K Murthy and Suresh H.S, Chapter 7: 

Vu lnerability and Adaptation to Climate Change in the Forest Sector "Climate Change and 
India; IN Shukla et aI. , Vulnera bility Assessment and Adaptation , University Press, 2003. 

3. 	 IPCC, 2007, Climate Change 2007, Synthesis Report. 
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SECTION 03 

10.03.08 (Day 2) 

Session 3 Climate Change and Forestry Sector 

session focused on Forestry sector with special reference to carbon sequestration. Prof. S.P Singh, Vice 
Chancel/or, H.NB. University , Uttarakhand enlightened about the vulnerability of high Himalayas and the 
remedial steps to manage alpine forests and meadows in a sustainable way to reduce the effect of global 
warming. He pointed out methods to give economic incentives to community's efforts to ecosystem health. 

• Chairperson: Dr. P.S. Ahuja, IHBT, Palampur 
• Rapporteur: Dr. Baban Ingole, NIO, Goa 

lead Lecture 
• 	Rewarding Forest Conservation in Forest and Climate Change Regime: Ind ian Perspective" Mr. Sandeep 

Tri athi , ICFRE, Dehradun (20 Min.) 
• ·'Afforestation and Reforestation Projects for Cliamte Cahnge Mitigation Current Status and need for 

Policy Reforms, " Mr. VRS. Rawat, ICFRE, Dehradun (20 Min .) 
• Climate Change and Himalayas with special reference to ca rbon sequestration. " Prof. SF Singh, 

Garhwal University, Srinagar, Uttarakhand 

Mr. Sandeep Tripathi, Secretary of the Indian Council of Forestry Research and Education (Dehrad un) 
expressed his views on devising appropriate mitigation and adaptation strategies under Land Use, Land 
Use Change and Forestry (LULUCF) sector, He expressed his concern of the COM (C lean Development 
Mechanism) Projects in forestry sector which can provide relatively low cost opportunities to combat climate 
change, 

Group Discussion (30 Min.) 

Session 4 Climate Change & Agriculture 
• Chairperson : Dr. S.P. Sharma, MoEF, New Delhi 
• Rapporteur : Dr. Bajrang Singh , NBRI, Lucknow 

Lead Lectures 
There were five key lectures were given under the following themes by the experts representing five key 
Institutes in India. 

• Rise in atmospheric C02 and its impact on crop productivity Research and Technology : South Asian 
stu 'ies ," Dr. D.C. Uprety, IARI , New Delhi 

• Adaptation to climate change I semi-arid regions" Dr A.A Nambi , MSSRF, Chennai 
• ' Influence of Agriculture resource conservation technologies on environment." Dr. A.R Kha n, ICAR, 

Patna 
• "Cllmate Change and Extreme Weather Events: Impact on Agriculture" , Dr. Akhilesh Gupta, Advi sor, 

Ministry of Science and Technology & Earth Sciences 
• 'Simulation of Rice yield and methods of adaptation under climate change scenarios" Dr. p, Krishnan, 

eRR!. Cuttack 

In the session on climate change and agricultural sector renowned speakers delivered lectures in topics like 
Rise in atmospheric CO2 and its impact crop productivity", "Influence of agriculture resources conservation 

technologies on environment" and "Climate change and extreme weather conditions-its impact on 
agriculture". Advisor in the Ministry of Science Technology and Earth Science, Dr Akhilesh Gupta, through 
nib lecture, informed about the prevailing weather condition especially high temperature on the decline in 
agricul ure yield, An example of this can be seen in the fact that preliminary evidences indicate that 
decrease in rice yields, in Indo-Gangentic plains is associated with a slight rise in minimum temperature. 
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Session 5 Environmental Issues Related to Climate Change 
• Chairperson: Dr. Akhilesh Gupta. Advi sor, Ministry of Science and Technology & Earth Sciences 
• Rapporteur: Dr. A P Dixit, Chairman . Sustainable Development Foundation. New Delt)i 

Lead Lectures 

• U Climate Change and COM Regime: Sundarbans Mangroves". Dr Joyshree Roy, Jadhavpur University, 
Kolkata 

• "Observed sea level rise along the coasts of the North Indian ocean". Dr. Unnikrishnan , N 10 , Goa 
• "Climate change impact on trace metals in soi l and plants" Prof. M.N V Prashad, Hyderabad Un iversity, 

Hyderabad 

• Chairperson : Prof. R.S Tripathi, INSA, Lucknow 
• Rapporteur: Dr A.A. Nambi, MSSRF, Chennai 

Prof. M.N .V. Prashad, Hyderabad University, Hyderabad explained the Impacts of sodicity and sal in ity on 
biogeochemistry of trace metals - bioproductivity implications Salin ity and sodicity is a global serious 
problem for commercial agriculture , particularly in arid and semi-arid regions. Mediterranean and tropical 
regions have a high degree of soil variability that affect the crop yield. The increasing world population and 
urbanization have forced farmers to utilize marginal lands with ground water irrigation leading to sa lin ization 
of crops lands. Salinity is known to reduce the plant growth of. Salinity stress also decreases 
photosynthesis, alters the mineral composition in plants and causes essential ionic imbalance or toxicity. 

Invited Lectures 
• 	 "Climate Change, GHG emissions & Agriculture, Indian & South-Asian efforts for quality 

data to meet future Challenges" Dr. A.K . Attri, JNU, New Delhi 
• 	 " Modeling Plant response to cl imate change: Opportunities and research needs" Prof . A.S . 

Raghubanshi, BHU, Varanasi 

Prof. A.S. Raghubanshi, Banaras Hindu University discussed the Future Directions on "Modeling Plant 
response to climate change" which is Ecophysiological characterization of important plant functional traits 
and interface with IPCC scenarios to develop predict ive capabi lities in face of climate change for Long Term 
Ecosystem Research Site approach 

Micrometeorological approach 
Open top chamber/FACE experiments 
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SECTION 04 
11.03.08 (Day 3) 

Session 6 Environmental Issues Carbon Sequestration & Clean Development Mechanism 

• Chairperson: Prof. S.P. Singh, VC, Gharwal University 
• Rapporteur : Dr. P . Krishnan, CRRI, Cuttack 

Invited Lectures 
• 	 ;'Carbon Sequestration by higher plants and Algae to combat global worming" Prof. B.C Tripathy, 

JNU, New Delhi: Use of higher plants and algae for carbon sequestration (20 min.) 
• 	 Mr. S. Pal, Genesis Technologies , Thane. : FACE Technology (20 min.) 
• 	 ' Human dimension of Climate Change: Geo-Spatial perspective" Dr P.S. Roy, NRSA, Hyderabad 
• 	 "Global and Reg ional Climate Change" Dr. SO. Attri, IMD, New Delhi 
• 	 " Carbon Sequestration and Carbon trading opportunities" Dr Vivek Kumar, TERI , New Delhi 
• 	 Mr. BK Patna ik, PCCF, UP., Lucknow 
• 	 "Free air C02 Enrich ment Technology" Mr. S. Pal , Genesis Technologies, Thane 

Dr S. D. Attri , Director, India Meteorological Department, New Delhi, made detail explain on the Indian 
Scenario under the "Globa l and Regional Climate Change ". 

The rate of sea level rise has been observed to be between 1.06-1.75 mm/year with regional 
average of 1.29 mm/year which is comparable with 1-2 mm reported by IPCC 
Temperature rise over Ind ia is expected to be uniform over most of the country while slightly more 
warm ing over NW reg ion is expected . The expected warming by 2070 is likely to be 1.5 to 2.0 C 
over most parts of the country. 
Extreme rainfa ll events are likely to increase along the west coast, west central India and NE 
region . 
Model simulations suggest, projected rise in sea level in north Indian Ocean is around 30 cm in next 
100 yea rs 

Session 7 Strategic Paper and Project Formulation 

Chairperson: Dr. AA Boaz, DG, SACEP 

Steering Committee 
• 	 Prof. S.P. Singh, VC, Gharwal University (20 min.) 

• 	 Dr. P.S. Ahuja, Director IHBT, Palampur 

• 	 Dr. D.C Uprety, Emeritus Scientist, IARI, New Delhi (20 min.) 

• 	 Dr. R. Tuli, Director, NBRI, Lucknow (20 min.) 

Strategy and Action Plan on "Climate Change & its Impact on Flora in the South Asian Region" 

Salient Features "Lucknow statement 2008" 

The participants of the workshop also prepared and adopted a "Lucknow statement on Climate and it's 
impact on flora ". Following are the key features of the Statement. 

• 	 Establish of a South Asia Forum for Climate Change Challenges to Flora in South Asia (FC3F-SA) 
to support and guide the development of regional and local strategic plans by working closely with 
global, regional and local governmental and non-governmental partners . 
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• 	 Setting up a FC3F-SA web portal of member countries for communication, creation of database on 
regional flora l diversity, ecosystems, climate change indicators and projects in progress. 

• 	 Generate multidisciplinary climate change information to supplement existing educational materials, 
textbooks and publications in member countries . 

• 	 Coordinate with Donor agencies to generate Fund for reg ional projects to evolve standard operative 
procedures to collect data, monitor, quantify and analyse climate change impact on agricu lture, 
forestry and wild nora. 

• 	 Enhance focus on strategies for responding to climate change vulnerabi lity of flora through 
adaptation and mitigation research on trees, higher and lower plants. 

• 	 Evolve strategies to mllllmize climate change impacts on agriculture and min imize agricultura l 
impacts on climate change Promote the development of stress tolerant varieties and management 
practices to cope with climate stress on agricul ture and forestry systems. 

• 	 Integrate biofuel policy in a comprehensive energy, agriculture, climate , population , social and 
ecosystem sustainabi lity model. 
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I The Lucknow Statement 2008 

,e on The Lucknow Statement 2008 

i 

i I ,is consensus document was prepared under the auspices of the National Botanica l Research Institute, Lucknow and 
rials , South Asia Co-operative Environment Programme (SACEP) International Workshop on Climate Change and it's Impact 

on Flora in the South Asian Region held in the background of increasing global concerns related to cl imate change at 
National Botan ical Research Institute, Lucknow from March 9 to 12, 2008 

·ative 
Aware that the countries in the South Asia reg ion are very ri ch in terrestrial and marine Flora which are storehouse ofIture, 
giobal Carbon as well as source the rapidly growing regiona l demand of food. 

Acknowledging that climate change poses a major threat to the conservation and long term survival of biodiversity in 
ough South Asia. Recall ing that all the countries in the region are presently engaged in research and studies on the impact of 

cllrnate change on flora particularly food and forestry crops in the region . 

Itural ecognizing that cu ltivation and the legal harvesting and trade in wild species is an important and sustainable source of 
men! livelihood and income to many rura l communities and that adequate protection, sustainable harvest and wise use of wild 

plants can play vita l role in conservation of species and their habitats as well as in lifting people out of poverty and 
I and securing their future and that it is clear now as per the recent IPCC report that Climate Change is having an adverse 

effect on the productivity of plants. 

Recognizing that all the countries in the region have committed themselves to the UNFCC Convention and are actively 
I associated in various actoivities related to both mitigation and adaptation to cl imate change. 

i Recalling the decision taken in the Tenth Governing Council meeting of SACEP on 25th January 2007 make to Climate 
Change a priori ty issue in the work programme (2007-2008) . Stressing the importance of mutua l networking and 
technical support as well as financial and technical support from the international community for building expertise, 
resources, and capacity to address the needs of studying the impact of Climate Change in the SA Region . 
Realising the need for collaborative research on the effect of global climate change on South Asian flora and the need 
for urgent action for enhancing regional preparedness for sustainability . 

Acknowledging that the Lucknow meet recommended and to take immediate steps to create a South Asian forum for 
nf ancing the preparedness to face the cha!lenges posed by the global climate change to regional flora and 

I ecosystems. 

I Believing that regional cooperation can provide the best solution for regional problems, we the delegates at the NBRI ­
SACEP International Workshop on Climate Change and its Impact on Flora in the South Asian Region , hereby support 
the Lucknow Statement on the effect of global climate change on South Asian flora and regional action plan , and urge 

I for 

i 
I 

Establish of a South Asia Forum for Cl imate Change Challenges to Flora in South Asia (FC3F-SA)to support 
and guide the development of regional and local strategic plans by working closely with global , regional and 
local governmental and non-governmental partners. This Strategic Plan will be developed for promoting 
education, research and extension , for knowledge-based assessment, monitoring , preparedness and mitigation 
of climate change effects on flora in South Asian countries . 

I
I .. 

II . Setting up a FC3F-SA web portal of member countries for communication, creation of database on regional 
I floral diversity, ecosystems, climate change indicators and projects in progress. 

iii . Generate multidisciplinary climate change information to supplement existing educational materials, textbooks 
and publications in member countries . 

IV. 	 Coordinate with Donor agencies to generate Fund for regional projects to evolve standard operative procedures 
to collect data, monitor, quantify and analyse climate change impact on agriculture, forestry and wild f lora . 
Enhance focus on strategies for responding to climate change vulnerability of flora through adaptation and 
mitigation research on trees , higher and lower plants . 
Evolve strategies to minimize climate change impacts on agriculture and minimize agricultural impacts on 
climate change. Promote the development of stress tolerant varieties and management practices to cope with 
climate stress on agricu lture and forestry systems. 

vii. Integrate biofuel policy in a comprehensive energy, agriculture, climate, population, social and ecosystem 
sustainability model. 

Research on models for scale up of carbon balance from experiments to ecosystems, life cycle green house gas 
nalysis of biofuel and crop production systems, climate stress response of plant growth and development, ecosystem 

dynamiCs and climate impact modeling in hot spots to prioritize adaptation opportunities to meet the challenges of 
Cimate change.ge I 71 
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Dr. S.D. Attri, India Meteorological Institute 
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The Nobel Peace Prize (2007) _ . . ' ~. " " 
·'HI. 10 December 07 III 

The Intergovernmental Panel on Climate 
Change and Albert Arnold (AI) Gore Jr. were 
IWIIJded of the Nobel Peace Prize "for their 
elTorts 10 bUild .., and dissenmale greater 
knowtedge about man.made climate change, 
Ind Io lay the foundalions for the measures 1hlII 
are needed to cotDer1Ict such change-·. 
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..-.t ~ l1!1Iions 

• 	 SoN ICO! is pl"oj~ to shrink in bolfl Ib.. Arntic ilnd 
AnIiIn:bc u .... an SRES scl!'J\ilrios. 

• In some projoIDtjons. Arctic IZ~ 5e" ice 
duppew.; .trnolit entirely by the t.ttK part of the 2tst 
cenIwy 

~ Wilrming ind ~a"""". rise bJ209~9 re~ to 
1!18O-99 for diffel1!f'lt mad~ 5<rlace cases 

1I!~re CIlilllgle C"C) S6 L'"<I!I "l&e (In) . 

Case 85t Ukely IBnge Model pmjI!cIions 

Consmnl Year 

2[D[) (Cone) 

[16 0.341.9 NlA 

B l 1.3 1.1-2.11 D.l!Mi.3S 

An 2." 1.4-3.8 02[)"().45 

B2 2." 1.+3.8 0.2D-O.43 

AlB 2 .8 1.14.4 021.0.48 

A2 34 2.0-5.4 0.23.0.51 

A1F1 " .0 2.+e." O.2!S-O.5P. 
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rsLN~II ViSA5·=....'P 

,eA' NZ1 "'!III 

Tsunarni Relief Operat ions 

Hurricane Katrina HurricallE' Rita 

Tll.EcDt'nd s.~ ·Su oi 531: U 3 ~aklU~tofoTW~ u., " ,'e;t 
Ba,,-, or.1I h e", ] ,0 tl:;; we" ill1 Ionia" ""U efil 11 ' 

,aid ro b! Illi> [O\\'t!.l p<I:.U CL Emh , t .!~O m(U~~ ~!l) 

bi!]ow ~J. 

.:t:CF - 1"\~:l-;V_u~.g[i1= g.o... · ·..s,gap iIu.'I !E €:: c(.p~a(l6ptlEe- :. oc.ptJ,:; -6~1J:1!J] 

I<U 

~~e Clad:J: • ::00 : '.31ell;ro>uu.lg. m;h:1>£ 
attua: lUI! :IJ bluE :u;j H~a,oOZl '"'It r"F 0: tiJ~ 
e'.d :'~E bod '" ~£€"- -'cll<r\'. r.lm I!li: cl:.:i:t!ge; 

:Toili 19-30 TO t.;.;- 3~ ~01\"n 
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_ V \,oa..... .'Ia_ tn_ .tft'aoO&('n__ -1It~"o-. w·Qm_ co~ 
.............. _"d ••..,.,.....,.., .... r-'OIlv _ ......... "'..... "' ....... . .. ~N_.&_1.. ,w, ........t._I.' • ...~....... . _ .... __ ,., ........ "," 

~,... .... a-----lll' ••Q_.'" by C'on:"pa,r'-.on 

_.. _._.... 
~... --.-.-"" ... 

1 

TtI ••Y~~911:1 f:\Ir,:II .',""""tilt' • .,.......,.OI.IIIW' tn... ~ .. 
11!l.~P"tI. , u 11111'> . ·_.......nc-t. ," ... tu ... 

... ..rJpi~1 

ThE' Greenhollse Effect 

-h; g'ee r "l.I~e ~'fe<1 i- tr1e 'I:ie ir 
le'T'p=ranJ'': tha t the Ear.:h exCE"le(1C;:; 
beGiL>e c~aln gas.,;s In t~e atmosO~;:'e 
Iwa~er .'ap.:Jf, corbon dio~ioe. nitro"... 
o~ij;:,:. a'ld met'lane ~()r eJGMO e ) t'dP 
energy from : he sun . V C'IOu: trese ~a:;o, 
helH 'lOuld escaoe- Mck !nco ~~ace. 
BecaJ.se of 'lew ;:hey warlT' our W'Y d, 
:~'E,e gas.:, ale refer'~d to as grfenhou~e 
gases. 
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C/Joff:.'ra Risks (In d lcoto /' of Wate! 

Po llu Uon ) 

Coro nary 

PDl lut ion J) 

Hea rt (Air 
Co fH:",!" R i :. k '~ ({..ir Pollutir:w M air Iv) 

•.. 

GOP I'~ r (apit~ ; 0" I flEd & D.:velophlg oUntri e ~ 
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Another Comparison 
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.Itt' 1:: " " .-:;-;.'n ,,~ p.... . 

Globa l Eu;loglcal Footprint 

" C)\'I mt..ch lanci I~ 
-';'QuiI'=d for : 
)'lG:;. :e ~..i ~"l(\ogel,"·.tl l ' 

EJ"\E. ' f}'./ 1=!?i'Ii, ri ! " ~ ~ !:.i 

/ • .Jl£ ' " i':i:~~ 

Tf?''5po rtu~!on 
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f'oO~lI - .- [ "",."un

1"..0' .-~ / i \'-''-}" 
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/ I ,,/ _ \~,/ .-' - \ J-c If
,A.. -~"Ao"" " I ' f •• , )' I I ' 
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II 
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Wet land CH~ Emiss ions 

Aerenchyma 
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TI'rresu1ul Carbon Modeling Ii5ues 
(cont.) 

To iKlcQllarclv IroOe Yi<1t€ r-ITiEO"llted voa:.:;~ e ~, 
( " roo" modEls l1~ed cQPll lStKd i: SC11h'f(l ro !ogica 
(O l'l'p._nents 

• 1­ 'ldroll ' IC! 

• ~. ~ ii l l;tt( :;lfe.:. m 
L­ "tzt o/WEI '1'1 ~l s 
Fcl'l -",,~ f, ,: }t 

~. '­ - ,.!~ 

.AerencIWnla- lifeli ll<'s or Livins Unden;./atH 

Page 194 



Pa~I"'I i:!!02r~ w"tllch Afft!ct t~iI~r~ne Elr.l ~si~f"·5 ~'.rid& 


Vilristi" ..., mt r·e QSI mat~ of B~" l i ' l' ",,,en;,,ir­

~I' 1\JI. t:<!("~ U5P' 0: 

,01 ....",'·,,'6" ;::cto-, : 

rl"l., ... · 'tU .. " 

c: A!.~~l I.: ':'1~ H.. .. r tiL .:, ' I .i ..l' I ' . 

... ,: 

,Iur 

I ~'" ·L· 

Orinoco Ri'.;er Floodp -3 il St udy 

E'-' jlj :In "''; ". ';:::5 h av~ 
::ef\ ::: ~-3 ", t..: :::, o l)"S~ r "d?d 
Fe h~ r l'~ -: 'I tr ~ .: h .~ ~ ':; . f,:·~ 
f lo ·::~ .:"'': 1\: ....-= >1 th~ n [hat 
n r .,pen "hider ":" 1 
m.t l'"Op ,,·~· te mdt~ 

O-m.:K.':l ~ t '. ; · tl a(~'le· :; n 
~tuo , In ~ F.n ~' lIe . ol I, oil 
C'\.:; m · ~ t.:4,~ ;: 5": .. ~.,.' of thi, 
I .,.[j enJ: " f :-hE tb~cl 
Il".:t l ·, f ~ '? ..;mi;SIQ·l. 9.l~ o· 
th~ crlf1: .. i j·.,tI O" c ':""'I "i~ ~ 
rf Orn'- ,.,de<1 ".3:;' p'. 

~;-2 l a t \/f: (of'tnbut io Ii S 

M ) .: rophiit-.: l )GtS . 'J 1 ~ ~ n 

\': .a te-f .? nd .,: \. p(t'3-:-d .s.oi ~ 
Ii i";" '; ... .-:. J~,.3 11 

(·::"-t r )utr ~" , ~ 

In <il\ 't ~ .: t h ~.9 ar::.aJ.. 
eo !) ·... .I~ on ~l!:,h ";-1 
..cr.cc . "15 'or 
. Pl!~"·lm;t; . ';;5~,: ·.::1 
-eln IS:S ltJtlI .,..~ ~ Hw~fon 

.;bo'Jt}: ''! . 

,v t :) 2 ... ~-~p~d~t~ rr.-, rr 5 i i.:e - l'f"l t=;'j ~IJr~n· -=nt~ 

t ;: i"":l? iC [", :3l o;::: jn~ ~ c~:;? 

.; -\ ~: .: , ~":"! . " )1": ....~'"!.:il'~ ! 1 1'! "":~,.' ~ ! C-, 

,t-"'!" ~':" ! -i !. ~ !:~!t""'!~1 
,.'!~ .,.. • . .;. . :,,!r(~ ~. 

~;: : " : . ~=' .\ ... ~.... !: ~:~ " ':' J"\ 

:' "",: ' :I '!! l ~ 1I_-:!· ~ :· · !;­

: .: - !: -:t" rl!: t"!"!~ ' '!O:)I':"'!J 

.: ·--:r ~T:j"'·~ ~ , " .. 0- !I~ :-~ 
' : f ~ ':~ 1 "',,! - "'!.-'! ...... ;; J": 
~ ' ~ >' ! !! . _., '":)~ • ":-:. !::1 
::1'J r' . 'O:- ~:~; "'r~ :;r: :':"~ r: ; 

:(<" . ':J :.~ ~ -. ::'.!.' ~ " . :..sr!., 
R : 

!'"l eth ,:t t'k ET li s5ic'i"I R (lut!2~ 

• ) i t ~Hj"'l a-:·o~:; ~hc 

~I'-·N~t.:-r Hl:::·ia ,: -:o 
nx lbc·l. dr, :1 

• Thr ) '. ,?h :h" tv ' c.kl' ·,; 
·}f o a, t: 

At 11 >:'5 1"1 er ic 13 ; ;v,v1""l ck'ud 
.. ' III . 'L,I . ~ .,. " n I 	I""~ I ,I,u" to ' t •• : I I~ lt ~ , .J 

r! ,. II • " ". ~ I t ·... I, I ~ " , I 

-tII ' . , t ' f 

Page 195 



Aero 01 OptiCAlI Thickness 

"At!n:Isd 0p5caI1lid!n1!S5" is the ~ to which 
~ pn!Y'I!Ol the nnsmssian of ~(j1t 

The .erosoi aptiCIII de¢h Dr optical Ihickness (T) is 
dem!!d as I1e irIIegraI!!d e>dincIion CDefticient ewer 
.. W!fticaI caUnn of tnt c:n:J5'1;5KIiDn. Exmcian 

CDE!&ient is U. fractionlll deplelign of fII~ peru,. pd1181gth (Il150 caIed attenudan especially in 

~bHldsr~~ The oplialJ 
I11cMes5 .mng VIe wnical cfn!cIion is a.o caIed 

normal apticIIIlhicknes5 (c:am~ to apical 
Ihicknes5 along sl...t pIIdt ~). 

I , II I 

;.:.~, ~ :~..J )'" : ~ f- ~ .1~ . ~ " 1 ~a..J ).':1".1 :-1:..:, [ O:- ! Ilt: ::u :. 0 -~~ : : . v f -: ~I..l.:': >:- ': ~ L: UE 

-\~ I _'C. P 

...... .......
lore: 'I • •• 

Pl2:.:...:: . ..:.... .. -=.:;:1 ! ' ~-.:. .· o Ln:l.3 I .;.\:kii ~::... :.!/d...::o r. o : ?.:y..).a~~ -;~ .u..f 
~. ~•.: 2 

-.f. ,,.. . . .. . .. 

"'dnl .......... " " .... 
•1. I 
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r/1,·¢18 1 ';:0 Ih.lt on t:.an '¥'Oll :.;;:!e ~:Jfli2 ..·/'i;\cf ' I 

tl1cla l'g':"l€ d Spec:es 

• 	At ;:.a:;t ~QIJ aMII"'1 a ic a ' = 
acl d",d tc 11-", =n ::l 3 ng,=r~,~ 
:; p~ [I~. I I~t ~ac h vel:; '", 

• 

~~,~, i l Ero:, jonBio d ivers it y : Right W il i b inat io ll of 

j p€ciej ! 

Local & I ndigE'nou ~ Knlwo/ ledg 
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!'-!!Ic..t"t,'tl 
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Journey from natura l Jungles to 

CCl)c rete Ju ngles 

Just have a look at fe vJ ci ti2S in Spa' n 
Bra zil ':· V'e l. ' fro rn Sky 

(Cadaques city) 

How ro leca te sLi stai na ble 
de\/ el op rnen t ? 

~_:.; ~ior ;,111 'A": '-,~d : '.)T ~ r 4 : L "~J d j~ ;=:~ r: .: .4:- 1::" I""J-e-;: lotlt 
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floods in Bangla(j"';'1 (Do We "ememnl':' Mumb-3 
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':'-1 I"lt:.:-- . ~ 11 -''''!! ' .:1 -= ,., , ,,)'r., ,.., ."a: T"I':';:'-; :' .. ,~ " -,, <:' ;Jrrl: ':If : :.! .11: ! :; .J; 

~ ~ n°. _'., Ire~) ~ ,: '': , . ,."1: e-rf !r~.: :.~ .. .H: o!" 'm" j~,: ,e : :.a:'''IIt, _ 

"1:r'!~ ; ..... .ir ic, ""#~ b~ ·c ~~:: [0 j;. 1::-,,"" q ;.~ j ilr, ..xr' 

d~, ~ J , : "en~ ;)"'\.:i --==" '~: I-~ "I c. tr~e j Cl r J. ,ld _:co 011 . -= l:::.r 

o ~M~i...':: 'f'! La r ,::c-:...a:c; ~~ . ~1\n""! 'I -l' "' <e';.:_.u~3 :'r tr~ e"~~,,,-:; ! 


:) r dJ....~j1f · ;~ IL ., :an.:: .Jr : ~ ... :;t'"::.e .::cn':er:.. 


• 

'Sall nrty f~~ -;-n a <~tB.tk syst~rns c.a.n \'Qry .sl~nifi Ci:Jntly 

C) ':fer :im -:- , e-+th €-f ~ '1 a rJ?iu lt. of o?·..·.a.~)rcal i Vi? effEct:; or the 

iniw( c;.f ~111H' glV'Jlld...,."ter .....eblljpH:I~, trllmpQrt 

"rld , ,.1""$1> by ,eJt marsh p' ~nts pi;;!, an importw io 'H 

ra le m the dYIl;;mk, <>f E"isen t iAl t r., ':.e e-' .ment; ..."d 

hydl "Jogy imd h;u ifllphc ~tiof\'i for enh...ncoo 

,ioproolJctw,tv 01 agro '(')r"'-try 'Y<\"= i!I~ '"",JI '"" 
b~a£kl,'-oI.,..tuaJ1'I" and wetland ""oty~tE'ms 

.:-n: ~ -~...:-;.,c 

,; tr~ r : .JOf":'e-: GV"lol ,r-" 

=n~ J Q: ...,Ot:'l::'O~': ::.u:.".: 

, ~ ,Ic:,~\ ~~n : (;,r, l r.! :Ii 

: -. ,. ;~~ r : .. a t~ ;:~ :-Y,e:f r. t ~. ~~.,~j 

; : , -)-:c; ~ ;.-,j:: ::4rd i ~- o-; : " - .I;t n- ~;.t.l!: .i:~.::: Ul : I!' -: :-::--;:"l. ~ ~n-,!r~ 

:: ) 'U; .I:;: i ~ !.: ~ ,. ::tjl: ',)" ; rl J: : ~~ ~:t.)b . -d-' .!.: ' ~ q :.: i!"" .1"1 ~- 3· -_> 0:."- ,:- ;: .,-::-I d­

ve-!t':s c . ., .... ! ' ~ I '1#.~t1•.~ II! 
':r:r) .: t gO:1 ,..,;:: ~-~l J; 

'J~ _ : . ~'" '\l'!.r:l"uJ 
- . ~.1":_ '-'_ : ".!-'! £-:~, ~ .J n::t!:"" 

. ~r ;.::1: '"Il-U-r;,'f. r 1 ~11r1 . .:-~ : t..:; 

~nf.".:: ~~-:r' 'r- ­ r.r:-.: 

. ~ l':t 

.11'1,.,.,..:...../ 
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Ernst et al 1992 Acat Bot Neerl4 1: 229-248 


1. Tolerance lode : Root growth in metal 

5OIution Root growth In con~rol solution 

3. h:de pi' . ~n )",1. t_ I . 
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Modeling Plant Response to Climate Change Opportunities & Research Needs 
A.S. Raghubanshi, Professor of Botany, Banaras Hindu University 

rV10clel ing Plant Response t ,") eli mate Challge 
Oppvr tLioitie; & Re5eOl ch Needs 

A @I CUP of o bject!; I .:~:m" .: cn er' 5 G. I' fr et:,, ; ) 

: r at int e-rad w ith Olle- c; r ,Ah o:: ' in ~ r I)rsar i~ -=.: 


,,- 3nn.or, a" d : h :: nel ro::;:ult L, ' : r", ir 


in teract ,:ns :;ro(! L-=~ tho:: ~,'"~ : ,,n' 's td'a\; c- ~r , 


'un cti Q '~ an el purpc;;e, 


rVl odels 

provide 

a qua 1titatve de; ::ri pt i ~l n of t ne 5vstc-n' 

"wav c.f i:;-' ing-in g- D gc : I' e r kr::>w l.oclge abcut 
: /1" p rts:c givo:: c ':01' cr.:nt a :l 1'0 ,t ic v 0:: .,-'; 

cf t"" e ~·vsten-

h .;: lp~ UJ to U I~ ';: I':;:an" . prd ict g fl d co''' :rol ~ 
S,·, te- M in " '1'101' -= :, rga"ise d Of' TI",t oa 'Jlcg ca l 
rr 3nn.o r 

Moclel 

r-,,'1odel 

r:., ; Tl pli f ie0 re -es-=l1ta: ion If -eal 5vsterr 

- Plc ori"d 

- C~ f'lcept ual 0 " v~fC a 

- Ftr,/,j:;;.1 

- M<i:r e Citb;1 

.. 	 e g me..: :: y~ .c (.... k~ 'r.a I respolt ~ to :~ e n tt06!?" 
' :=r1II.:.er rot€- tN. ,,-gtra I I : 

Global Carbon Budget 

j:..ln' o S lihere 720 
8c e31' ~ bO;: O 

Lard i) ICS ~ I' e r f.; 5120 
:::,0 Is , S:::;O 

lil'l J ptw tosj'l1thesis 1~ 

Reso ir J~{)n and Q>::C3y l :?O 
O(ean~. n IL ..... I 

()ut 105 
" oss l l. e-I 8 
6i,;;I11035 bll"'1fng ? 

~ 

4 
A tniosQherjl: I1crease 3.5 
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Carbon Dioxide 
J' ,- , t :, I I v 
.1 ~ .- , " 

.~ 

E 
~ 

!? 

! 
~ . '"

j'"r[2Y
~ 

>~ )00 
i(' 
-;~ 
'" 

f l~bftf""""1\"»\ 1 

Model ing Ecosystem Responses to 


Climate Change 


F' l erl ictill g ! ,It!Jie v€geta t iol1 s tr u dlll~ is 

ne( e5 :.a rv:,: .::-. :: ~:ifv iJi ot ic i",e :-. ;; ~k :.: 

':"In - ~ t ~ :ha ~ g~ a r ,j l i5 in g !n:enl- :o ~ :.~ ge~ 

:'1: I ·I~~ Il t l" ~ti::l n ~ 

Approaches to Assessine Ecosystem 

Responses to Climate Chane-e 

, fc~ i 'lb i" M M~del, 

' " L "~'I" I' ~"-C" .11 _ ""C l- :iU';'I\.,W' I ,,, r ~ 1. 
IJr ..1 1l: a,' ·: I.. - :.n L. ,j . ,1ill " ... •,ro, .I'" . 

. C'LrVM-: ILJ','I' arni l: ';j,:>·bii l \" Eg~: :3tior· t',~ '!)clel q 

_'I'" ,:,~".4" I t~ .. . tI , .. I .I t'/':II. ,. __ 

, 1' 11..1.. -, ~'I ., f O".r l ...ft ' .I ..·t•.' , •.·.. t' .. II~j'"'•• I·J'.J -P.;;;, ·-I O:. "! 

· /I ~II I ., - , .~ -.of! lit \J~I, -, hH.tl.lt C" 

• ~jl '\.IIn" _.. I.- ~lJ· J I.! I I IU , t< ,t !. 1 ~~~'II..lll"\ tit: 

• til jd'. 'I . ;a:. ,I ~'J.b""I'" f' 


· '- cd"', <'"!I"",, {."" . ~n~. t.,!..,: ~,'Om '..;,!: r. T 


Missing Sink 

M cd ::; -7 :;ir, is :,:c:",.:1 ::' -9·: o N 


- h-;:=-; r-:.:taU':J''''1~ 


- F",a l t~og >~ 


- : ~ O~ !er1 l l:a: : I" 

(,I n'ji3:7 

\'",}etal1~ln 

Modeling Ecosystem Responses to 

Climate Change 

Dev>'- I"pine; ;:1:1\<': 1<11 p l e dj.:U (J n ~ i ; 

,.h ,~I I ~ng i l,g 

ilc1i'.' i du3 1 1 ~t >: rI;::L -e :'! ~P::C-o~ -~::cn :e.:; 

-f.:'S I )'"te:-tc"-rr rc- :d l.~ : (~." p =" I ·yent:. ... 

n" :I:::;~ E":~) 3 ..,.:;t~ -r ;, 

::Wfe r~,.,t ;; t :<· :,- r"a;1 ",. ~''::I I''ler131 ~-.:: 

-u: "=clir'ol:: ·:h=nge;i 

Biome-BGC 

I\.le~n2-~: I : '.!~C~', :ie '-, -1- .:.:",1: I-", t ~ "'lI I3~"'5 

Uti" :, [0,'3,0: a - G -IJ',-:: c: - ',...':11:', '~ " 03 1- ~ rJ 
·~\·i:rjr th -:- "\,'r:,ic:::t' ,:. n , tti; , c' (. :;'.. 
::c. .or e,c "I e ll ti" ,,: ': :1 -= : "': 1~t-:;t r 31 e-(o::; ",,' ~t'E:n- s 

[Ie-\-'el:.~·=d ; (n' :he F: , 'e:;t- E':;C 'c "'1 il', ::'r 

n-,:cle i:; 

A~ e.xt-:: ndtOo \: er: i l~ 'l ;:1 1' ,. :;;: 'N , h cllfferert 

'.'=geta: ~ , ~ t., 0 c~ 
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Biome~BGC Biome-BGC 

• 	 _,;:~ oJ1, Iv t in' .:: s:ep , dr "':-=11 bv ~ :li l , '.' ~ I ues f,: r 

IT 3 ", 'T"J IT' 3n ':-; l' i "'" ' 11 :e l -:; ", reture" 
~r ",: ip til!i c n ;;)I~ I" :; d i 'l : i ;.~ , :lI1d c hli rl d l:V c 

"led ", I re~L. 'E-Tle ~ :: .ce f irit ic lF 


- VE-;.or ,,:IO'1 


- ': II1'I,,:e 


- Ste :":;'a:kr i~I -! 

Ecophysiological Parameters 

\1o)~:I~ \ i:l1pe' :lte-1 e3::~rei ',:" "d ', id LI 31 
~:e:l': : 0 ~ 'c' 3r := :",. ':'Jf ~ te~ v.lt" .5 ";a'" -=- tv .:; 

og-: CI3!:~~: pft:::~e-"": 

• :: ~ ~ pi ,e th~~;; d ilc_ tie,:" I ~ ~ mt u l ~ ~ ~1 
ilT r.<''tC-: p ~r,wlete ', a we" a'1d;; '~'e-e"(e::: 

' N tt- ",!;o" p:tr;Hl ",te - '.a l 'J "'~ b", p ': vi de: j.J 

C~'. n',:"",I-b35e;:. ~~ cI ~' 

Ecophysioloeical Parameters 

';; \V :. .3rcuTc:~ ri: ~ t k. n d3:a;';€'t5 r-=q u' fe "" I -I,~r ~ 

5 ~ e = ' ,:a ll ',.. 1:0: a~( .: J"t f.:' ( ' 31' &-=~ "' ,r~ 

phv~i::a ;:nv ir::,nr1e:m.: r 5 p~ ':i e5 

• 	 P~I1IIT, ':'t ~ 1 :al,:>ratl c '1 1~ce~~ar', 

E,JI a :'1 all o:r glr g :as'. 

','a IJec 3re :1 'f .: Jlt t " I:>,_=:e ar:1 ,:a'l:ardl:"'·.1 

~~Jf a =3 5.... r·:, 
- ,,.. n,j : , ..:Jre 3b:-~n:ro'" "'v~:,,-:he .JEr;.,ne-:e 5 
- Jl j:1 p. J.; i_Dt·cn~ ,r::re·1SSC' I ~. :.a'"3 c~lJa n ('ol: lf'I ::­

.:Ia~=b3:~ ­

- [;J~i : 1l'J1.;,1 ~d j - ,::.b::..JI'-= .:t;rn:t'i :Jr ~ et ' r':nr:I,.'-~ 

- :la:= CJ ieC:lon 111 EtraJcic'~ISO a"j <I ", i ~ j If .. , 
311'S-:";jY all'!' T:lr =)m ~ --a ramete ,) --all ....:; 


j,tarda"C'l 3'tiJ:- d Fe li t 


Ecophysio loeical Parameters 

• 	 '):, ::.~r ."' 5U ')n~ cf ,,-:,,\.' (on" Tlur i llt!5 a d 
hcatl::! r~ are ; : '=;J II~, c','eraged acr ~5 t;r,="ad 

'.'':geta- -,,, da$$ =s le ,g evergreel' ,, =edlclear 

brcadlr:.:l" dec.ldu')\.I ' et ' :C lie erate d~~ I: 
p ~raM ete: ' iz a: o~ voh.es 

• 	-h I ~ th,: average 0 1 0 -:: ":lu i, VC " c.:o; I n ~ "Go:' ij 

high degrer.: of ,.'3 riabllit'r even IN thin thes= 

broad ' ... eg=;:ation types 

I<ey Ecophysiological Parameters 

for Models 
~, IfL:, c : t ,:on '= :; r ~ r- et~rs 


:'a rtEI' te, N j rc ~e,. =") t CO) 


• 	 D~ ( "'~O> lion Ccn,13f t 

u,. P',,: i~ r 'Ii" 
- r~ l.J ~ - ; I)t L..=-= EU 

.: e- nci€..i 

- ~ ... ,ud ..ctlQ l ~ e EF :ienc.' 


- LE~J ;:O, !"'::!3 nd lc o!! : 

- l o1? 3 ; ar~ -3 rc1 :::? ~ It AI 
- .$p~ h : I.:.:.f are2 I ::L!­

0J €!~t::" lecf erl?J 

- ~l "' ded ;ai area 


C.c I1~In!J 90 _ 
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Ecophys iological Parameters 

(c~q:',' -i"ht =:,,:ir,t o:~ C·:-=ff::ient 

• 	 \i tn:g-::n Di,', !lJLlir:; n 

\ t r.: g", n In pLlt 

• :;rcportion.5 

-UD.I~:i: ~1';5-::Jg'H 

_~cf ar: Fre ::>oot Turno-'::r 

• 	Trc : c- -'3th:., : '3l"af'"1ete'3 

FRC:LC 

~·::;::li :·r .:.f fO:.t ur~cn b lea' cl rbc­

'::a ~ I :: Ii ::; hc:i :3 re ~ : i-::i r ' -sr_ b-=t\'~'~ e r, ::.iftere f' t 

pla - : po: 01s that .:ontrG I ~!JW 


p hotc '~'r th:: ti ~c -r p:-::,du:e-: carb on I: 

Q -:- ': 1Ited t l-,r..:ughc '.I: the =Cj$·'~:': lr 


Accumulatio n of maize-clerive d organic cdrbo n 
in soi l (O- ~5 cm), as ~s1il1ldted from Be ndtuTal 

ab undance,---, 
~'. ; 

to, ,. ~' "'_ :-"" ' .•. : - ' :-~
~ :

/ 

f'~~6Jt!.(T II J!.. :/r' .-_' _I 
UA/...A;) ';'I · -H.I'l' . • 

I:~ ~ . c• ' ..... 
l - :.!-:;; _•• __, 

I."~ ­

Allocation Parameters 

':'Jr- ' cl '1 C".', carY'l l: all:cc -.,c : 'lro J g l" )~ : ~ -It 
e : O~'~' s: ct"'f):; Ci ,,· 11E . 

-	 flr <.:: c;~ot coa"ser-::act :: le"'- . s r :j E! :rf ~ I P ~ 

U ~-O: '.'«(oo~ 

- -sc: i',e,. " r~spln"'· s .vc :,:c ·, -: , ~: ~e th -=t IS 111.; ~t :ra 

;h~~t -.n;: .., · gri:te. ---, of ::'!h !~j~r- tISS ue pJ","5" in 't" "a',' 
parerciyma 2),te .,d 11? ra:f15111, i"'i ~' th~ \.ij -=m tl ':; u~. 

Ce ;;d~.. -_ oj 

- ?Ill t"'lE cl"er ". ::::;C" , ll131e :: nciLd n~ t" ,= 

~e3rt'... oc-d_ ~he <_i lern ard t1e ba'~ 


Root Allocation 

- r,o- :rar,~'H (C~ p~c:o;\-r-:'l dt e bo- 'JW g r ')l> 1 j 12 ', 
,co t~· ry~ a l' ;.. ~ a 'l1c.o r l'l p lJ: : (. : "H! :; :il C r.- I)C·~ 

')\':'1fJt 3t1"-iE I-; :I -, ~ e ~: - ~ .ile';;.);)d._ 0 1_ '" t ~ t he 
le ~ I"\i ::d l ·j ,f· i :1. . t~ as';c·ciat;:c '.v it h : , 
[l'- e'i5JrE 1 Elt a,e I,, ~e III-g 
r;.'1 o ~: e1".': f'13 t ~ ::; I) f o~ I ::- '.\ · ~" :·-'r ,j cr') [J t ':ti:: -, )'-1 

~ c"e1n t :: IJ ·=ge:a - C!1 ; f'~ ~ a::;e J 0'1 1" or :1 :: 
l '1 c 'e ~s-=s i ~ I: e Q'.... -g rQ~ -,j b lo rn ~.:;~ I. e l o~~e ~ 
tr 	~L.i"l r'; ot Jeath a r-: 1-,: : (,)I'!= irr.-' .:: o 

;'" ~ i !:.; :' 3-: 1'1 g ~~ rtll) t :Jt '"lvec C J Slrg - - I~ :~ ~ul s.: 
13Ce ll ''1g I, tl- ~ ' iel -I . 

Belowground Allocation 

• t._:: t'r :of r-lc d«l:; t el pre '::I::: :: balanco: c.~L boO 
i1"f crc·',,,; r.:- c: ',<,vi :} b-et:-::r -:5: rna:.:: ::: O! C: "'"lie: 

re,idu ~ inp ll t ~. __pat"tic l<la,..,,,- tht: c",low-grou"d 

IB lt 
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Belowground Allocation 

Appro)irr .3tely 7C :.f the t::ot 31 r·: .:': b i() Iy\1i ~ 5 

in t" .:: ::'-15-(1-' I",,'-e '­

g" V Veri ,, :: e R,5 ra: lo 

Root biom ass alloeation in tha world's 
uplan d fore sts 

~ .." , r ,- ;.,. 
1:1.:{>. , 

. ~ .: ~ ' I ' 

., 
, 11... ~ .:, ~ .' 

," " 
• '.-,,, ... ., ' .. " " 

" 
~ 

Carbon to Nitrogen Rat ios 

- I'D!):, 


- IN" ~' ·:I"aJ '.'1oc :1 


Leaf C:N Ratio 

I 
>6 ~E 

I 
Ii 

I 
.­
tI 


Q 


l! 


M ~ 

,\~ ,jrl,= 1 ,, :Ji .1~ Act.Ja 

CarbO'1 to nitrcgen l1" aS5 ratio in th e I" ave:; 

Det ", r n " e o; three if'1!C 8 rt3nt fact ors: 

- t ile Il'It:uge 'l req ..Jlrea to G}r 5t rLlG e aves.. 

- t 'l ~ arnc unt 0' : r gen av a' iable ~o ' inv.::>t !T'E1t i '" 
pi' ot() <;'/mhet lc l"J1 achmery - no 

- leaf re:sprra ::>n ra t~ 

litter C:N Ratio 

w ~ 5 

50 

Oij 
2~ 

jjJ 

2D 

tJl 

(I ---­
Mc.dEl "",0 .3r A, :.1 _~.31 
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Decompos it ion Con stant 

:: )\p cne ~~i 3 1 p ~:l::rn of I:·,; ; 6"\d I ~ '::l icL oleG 

C ':~t: :"wi r'glv te· r'ol .5 ttr'\ 1196 :: ': o:;EG ~ n 11 ·· :;:" b3g 

1C1~ ~ 

~ JI . l n -( 

I. I 'I, ,0" i .. " 
u, J 

Leaf Area Indices 
MOl'jJno/ogiw i ParamereF5 

L ea~ 3-E'a "de.... I .-.!. II 
- t ·:: ~ ot .. l lt: : f ;H~; o· -:I."'I C ~ " ...:.c: o... e~ II \, - :. ;rt ... ,c' :a-el 

~ I,:'f' ( ' f lc l ea~ i:e(: !i . ":' ; 
- e r ;--e: ~e " " .. ":~ . 'e l" C:ltbo'" 'T ; :':' 

pr;>je:tec I~:.i ar~.l 
- e ;;": ;: -e; ,-o . et1~ t" _ ;c.""': .... , ::-- : , I! ;- f O .. - d ; _-.ce 

;; 'i -:.deo 1 ~ 3 : ~r~ 

-	 leu : .J r*;ce . I""!; O· '!'4 , e ; 

- Tt- c ;. .• : de-d ":a pr"'J t'C!:l!d e.:I': ;, -e~ ,-; r ;) c;., b<! .; :e~ tc 03""1' e.­
; ~ -C'cte (' r. ... ;. rel to .. k de !Sc ~.- ; -c.i' .,i-:: "" ~ ,,"'o01'1.' ""'lt '0 

:~:~:;~~~'3:f2:: : ;' ~ Pf~~ii~.- ~ . ; :' .JC":.; :"-OJ ~' v• • te r 

SLA 

c ef ir ~ s leaf 0 ' '''0 pe r u" t mas s 

• Th'1 	 light le:l ves, such as gr"s5 blad ",s have c; 

h igh er 5_A t han de'1sc c ,:, ~ i er n e:;(lIe5 

M odell"'eeo5 

- )1aoed SIP. 5UI' r t :,Lj, 

Use Efficiencies 

• N ~ : rler t use ",'"'I:: ",I"I C'" 

- ro llO:, ' or~ar I: n-.at:::' yodJC~C t.J r ! : ri ~1t 15K::" 
Lr, =0' I:r;;-I I '-'~c ,wt. rr,~ 3 1 ~0 5 me3:l. r" 0 0 

11:'1/.' 'J1g.: ~ J t ' , ert l ; retan-= c I-, :r " ) 3'1lt: ) .; 

\;;o'"C f:·r ,;art.: r f i ~~t l!) 1 

Prod L: : .:, ~ L ~e e fT ci e r .: " 

-	 ~tloJ _. ~,M:OP t: ~1C r : i 1 ~ !:lJOI V:':· :., 

LAI measureme nt 

W do! rarg e' Gf "I el ~ te.: hn i:lL..: , 


- l, cn: i: 1 : riir, : m it:a'1 : ~ 1( '1 -'; '-, ~ t a l 'J:" I, 


- !i a Cl/.'~::' C c lll),Tl =.:r :: :: 1 ~ ;r'lJ::""!r arlC' 51"'1 t~ l ~I S'3 .I . 


- folla; '::J 01')35: 


Pe n- :·te :;tm 'n g 


Leaf Traits 

~ 

L-	 . J~, .,,_.>, ~. " iI~ ':;- . ~. 
f. ~ _.... • ' • 
Ii. c;'~ !ir'>~ .... c.­

.-'\tli,~I Z 

- 'I ~":"rHc :,nt G r .:"" f~rl.'91 

• I I :. 

("~"'---:- ".!l ."".- ' 
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Rltestsl 

Lc 11 rnas~ 
fir " h or dr}'1 
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r 1 i---J 

~ 
.',. 

• 
~ 

:2 1~ • 4 •
§ 1 

44 

. 
'"10. .. 

c:; 

~ , d ... 
~ b 
~ f 51]-3C !J L,~t~lc :'1-f .,..a l,,:.' ''' '' 0" :1­...J -

~ 

j
n~D.~ ..pntl.,l, :no". HII'''.I~'I... r c.!'& 

1 I I --J. 
,~0 8 16 
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SECTION 05 

12.03.08 (Day 4) 

Project formulation 


Several key points emerged from this discussion other than the distributed position paper. 


The other highlights of the Workshop were del iberations by experts on environmental issues related to 
climate change like effect on Sundarbans mangroves, coasts of north Indian Ocean , carbon sequestration 
and carbon trading opportuni ties and Free Air CO2 Enrichment Technology (FACE) to assess the effect of 
CO2 and temperature rise on crop plants. 

The outcome of th e Workshop was a "Lucknow Statement on the effect of global climate changes on South 
Asian Flora and Regional action plan" . The statement highlights the development of strategic plan for 
promoting education, research and extension, for knowledge based assessment, monitoring, preparedness 
and mitigation of climate change effects on flora in South Asian Countries. 

A project proposal "Impact of Climate Cha nge on Flora: A South Asian Initiative" for a coordinated action 
programme was developed, with the following three objectives to enhance capacity buildi ng, floral 
vulnerabil ity assessment and adaptation/mitigation strategies. The project has been forwarded to SACEP 
Goveming Council for the approval and then for seek ing funds from International Organizations . The 
lVorkshop concluded with thanks to the participants and especially experts from India and South Asian 
Countries by the organizing secretaries - Drs. R.D. Tripathi and Nandita Singh. 

Objective 1: Enhancing Capacity Building 

Activities: 

1. 	 To organize workshops and training program (short and long term) for researchers, 
administrators, policy / decision makers, industry and other stake holders. 

2. 	 To sponsor candidates from SA countries for post grad uate diploma / degree courses on 
climate change in alliance with universities. 

3. 	 To organize public awareness programmes through various media. 
4. 	 To develop and exchange educational and public awareness materials on climate change. 
5. 	 To develop a South Asia Institu te for implementation of education and training programmes. 

Objective 2: Floral Vulnerability Assessment 

Activities: 

1. 	 To develop baseline data on climate parameters and floral diversity from existing sources . 
2. 	 To assess the present status and distribution pattern of floral diversity at specific study sites. 
3. 	 To study the impact of climate change on phenology/reproductive tra its . 
4. 	 To study vulnerability and adaptive responses of plants to climate change. 
5. 	 To prioritize threat -prone and indicator taxa and cri tical habitats for in situ conservation. 

Objective 3. Adaptation and Mitigation Strategies 

(A) Adaptation- Identification of economically important crop germplasm (rice) for adaptability to climatic 
change 

Activities: 

1. 	 Screening of germ plasm 
2. 	 Analysis of stress related enzymes/genes 
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3. 	 Studying responses of targeted species under field conditions using appropria te technologies 
simulating climate change 

(8) 	Mitigation- Identification of tree species having high carbon sequestration potential 

Activities: 

1. 	 To study the carbon sequestration potent ials of tree species in targeted ecosystems/biomes under 
different cl imatic cond itions in SA countries 

2. 	 To estimate the net biome production / net ecosystem exchange (NEE) patterns in different 
ecosystems/biomes in SA countries with Eddy Covariance Flux Tower (carbon flux tower 
observ ations) 

3 . 	 To develop strategies for CO2 mitigation through afforestation / reforestation with selected species 

Outputs of the discussion were developed through future activities in close collaboration with participati ng 
institutions and following recommendations were emerged from the discussion; 

RECOMMENDATIONS 

• 	 Official endorsement of the programme by respective governments and nomination of nodal 
coordinators for each SA country (within one month) . 

• 	 Detai led project development workshop (within three months)Technical experts who will implement 
each component activity to be invited for project preparation from each SA country. It may be 
desirab le to invite group of 5-10 experts from each SA country and the venue of workshop may be 
any SA country . 

• 	 It was agreed to identify a strategy to advance discussions on the sustainable financing for initial 
two years (Phase I) to be decided in next workshop Depending upon the progress and outcome of 
Phase I, subsequent project milestones to be developed. 

• 	 Representatives suggested the most suitable way to remain in communication and coordination is 
through the SACEP. 
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Inlpact of Clinlate Change on Flora: 


A South Asian Initiative 


Preamble: 
The reports of lllter-governmental Panel on C limate C hange (l PCC 2007) have highlighted thc gravity of 

consequ..:nces that the life on earth, including mankind, is to facc in coming times. TreC repo11 prcdicts that global 

wannmg is li kely to increase mean temperature up to 5.8"C ovcr the next 100 years, and th <l t it could lead to melting 

o r gl ac iers, polar icc caps and rise in sea lcvch . This may also affect species reproductive cycles, growing seasons, and 

spcci..: s interac tion to impac t agricu ltura l productiv ity, besi des changing the natura l course of many spec ies, and drive 

many taxa to the verge of ex tinctio ll. It is proj ec ted that 20-30% of the plants and animal spec ies assessed by IPee arc 

at increased risk of exti nction, if global average tempera ture exceeds 1.5 to 2 .5' C Impact of climate change on plants 

are manifested m os tly by the upward migration / range shifts of species along temperature-altitudinal-latitudinal 

gradients, reduction in population size, structure and dynamics of spec ies vulnerable to climate change, changes in 

phenology and repro ductivc cycle, range expansion of invasive spec ies, etc . Thus, global climate change poses a 

serio us th reat to living organisms and SUpp0l1 systems. 

C limate change will gi ve rise to environmental pollution and abnol111al weather which may lead to decrease in overall 

growth and productiv ity of plants. There have been s tud ies to understa nd plants behaviors to such environmental 

changes. Predicting the responses of ecosystems to c limate change requires sca ling up from key mechanisms, such a; 

photosynthesis or growth th at arc best understood at the organi sm leveL These mechanisms are fundamentally linked 

to genes. gene networks, and the ir interplay with the environment 

Despite the remedial measures taken such as cutting the emiss ions of greenhoLi se gases by the industrialized Nations. 

some recent emerging evidence suggests that the heat-trapping gases like carbon dioxide, produced mainly from the 

burning o f fo ssil fue ls, continue to ra ise temperatures, change the g lobal climate , and affect ecosystems around the 

World. 

South Asia (SA), the most populated continent, is the home for about 50% of the world 's terrestrial pl ants and animal 

species, is a lso one of the rapidly growing economies of the w orld . 

C limate change issues in SA region assume different dimensions in accordance with the ch anging patterns of ecology. 

environment, biodiversity, socio-economic settings and anthropogenic interventions. The flora and associated 

ecosystems/b iomes in SA countries are like ly to experience diffe rent impacts through retreat of glac iers in the . 

H imalayan high ranges (e.g. lndia , Pakistan, Bhutan and N epal) or sea level rise and assoc iated floods and sa linit) 

intrusion in low ly ing region and islands ( e.g., Bangladesh , peninsular India, Maldives , Sri Lanka). Furthermore. 

biodiversity in the SA region has al ready been experiencing unprecedented threats from increased human activities. 

This IS evident from the fa ct that three out of thil1y four globa l biodiversity hot spots are located in the SA region in 

the Indian subcontinent: i) Himalayas, ii ) 1ndo-Burma, iii) Western Ghats and Sri Lanka. Threats to the loss of floral 

and faunal species, especially endemics, and their habi ta ts in these biodiversity hot spots are looming large and 
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:xjlccted to increase at an unprecedented rate as the global temperatu re continues to rise. Urgent strategic initia tives 

arc therefore required to respond to the challengcs of c limate change and its most d isruptive impacts on flo ral divers ity 

III SA region. Such initi ative should include act ions that are necessary to develop adapt ive conservation management 

ufrlan t diversity and associated resource systcms throu gh vulnerabil ity assessment, integral d with adaptation and 

mit igation strateg ics aga inst climate change. 

DClclopment of a realistic and regional specifi c data base and n etworl on climate change-fl oral divers ity in SA 

r~gioll . and creation of appropriate infrastruc ture and building enhanced institutional, technologil.': a l and human 

reso urces for addressing climate change issues w ithin and among each SA country are a lso importan t elements to be 

included in the ac tion plan . Education, training and awareness building on cl imate - plant diversity changes an d their 

Impacts to flora and associated reso urces systems, including forestry, agriculture, hea ltb , etc. also assu me great 

Importance in the S region-spec ific age nd a on climate change The priority ecosystems/biomes dem anding 

immeuiate attention are th e coastal lands, mountainous reg ions, and wetlands. These are the reg ions where spec ies, 

part icu larly endemic spec ies oftcn have 110 alternative habitats to migrate to, and thus, the species f these ecosystems 

,11\: under immediate thrcat due to climate change . T ht: strategy , the refore, ca lls for appropriate ac tion to address the 

:ssues across the diversity of res ilient / sensitive ecosystems, encompass ing plant speci es and populations vulnerab le to 

, limate change. 

For address ing the modem technological and socia l issues concerni ng climate change, it is important that people are 

!;unil iar with the subject. Scientific knowledge base genera ted by academicians and scientists should be disseminated 

il)J public awa reness on the emerging issues. T he programme w ill focus on imparting train ing, education and 

awareness to resea rchers, administrators, policy -decision makers, industry and other stakeholders on g lobal warming 

and cli mate change . 

Wi th the ava ilability of data sets fo r the anal ysis on c limate change through the summary Cor policy makers of tPCC, 

climate change studi es in SA countries have caught a ttent ion of researchcrs and voluntary o rgani zat ions. Di 'crse 

isslies SUCll as grccnhouse gas emiss ions, sea level changes a long the coa.:t, its relati onship with fores ts and hydrology 

llfriver basins, and sus tainable devel opment a re being addressed in the SA context. 

Studies, targeting natural vegetation in diverse ecosystems/biomes w ithin the SA cou11lries over a considerable period 

of time are lac king and need urgent a ttenti on in terms of compiling relevant data sets fro m existing infomluti on 

sources as also establi shing long-term monitoring mechanism for generating data sets for policy formu lations ill the 

region. 

Therefore, it is proposed to develop a common programme entitled "Impact of climate change on Flora : A South 

\ sian Initiative" fo r a ll th e eight SA countries, with th e follow ing objectives and ac tivities. 
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Objectives: 
1. 	 Enhancing Capacity Building 

2. 	 Floral Vulnerability Assessment 

3. 	 Adaptation and Mitigation Strategies 

Objective 1: Enhancing Capacity Building 

Activities: 

6. 	 To organize workshops and lrai ning program (short and long term ) for rescarc hcb . ad mini strators. poil,. 
i decisiun mak-:rs. industry and other stake holders. 

7. 	 To sponsor candidates rrol11 SA countries Cor post graduate dip loma I degrce co urses 011 climate chang 
in alliance with universIties. 

8. 	 To orga ni zc pu bl ic awareness programmes th rough various media. 

9. 	 To develop and exchange educational and pub lic awarCl1 C~S materiab on cl imate change. 

10. 	 To deye lop a South As ia Institute for implementation o reducation and tra ining progTammes. 

Objective 2: Floral Vulnerability Assessment 

Activities: 

6. 	 To dcvelop basel ine data 0 11 climate parameters and flu ral divers ity from existing sources . 

7. To assess the present status and distributioll pattern of flural divers ity at specific study sites. 

1< . To "tudy the impact of climate change on phenologylreproductive traits. 

9. 	 To 5tudy vulnerabili ty and adapt ive responses of plants to cl imate change. 

10. 	 To prioritize threat -prone and indicator taxa and cri tical hab itats [or in silu conservati on. 

Criteria 1'0'" site selection: 

• 	 I lniqllc biomes of different SA countries 

• 	 Availability of past fl oristi c and climatic data 

• 	 N O or mi nimum anthropogcnic disturbance 

• 	 Topographic/A lt itudinal gradients 
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Afghanistan: Semi­	 Bangladesh : Tropical wet 
Arid ecosystem evergrecnlTrupical mangrove 

forest ecosystem 

Sri Lanka: Tropil:al 

wet evergn,,:clliDry 
 Bhutan. Alpine 
o'ciduoLls forest 

Pak istan : Dry India: Tropical 
I l~mpcratc/AJpille deciduous and 

l!cosystem Al pine/Co tI Desertlang" 
ecosystem ' 

'cpal : Alp ine 
meadow siB road lea veo Maldi 'es: Sal ine 
temperate forest Coastal 
ecosystem ecosystel1l 

Fig. 1. Proposed Ecosystems/Biomes for identification of specific study sites 

Obj ctive 3. Adaptation and Mitigation Strategies 

(C) Adaptation 

Iden lification of cco nOll1 ically i mport~nl !"Or ge rmpirul m (rice) for adaptabil ily to dlmalic change 

Activities: 

4. 	 Screening of gcrmplas111 

5. 	 Analysis or ::-.trcss re lated en7ymeslgcncs 

6. 	 Studying responses of targeted species under field conditions using appropriate technologies 
simulating climate change 

(0) Mitigation 

Identification of tree species having high carbon sequestration potential 

Activities: 

4. 	 To study the carbon sequestration potentials of tree species in targeted ecosystems/biomes under 
different cl imatic conditions In SA countries 

5. 	 To estimate the net biome production / net ecosystem exchange (NEE) patterns in different 
ecosystems/biomes in SA countries with Eddy Covariance Flux Tower (carbon flux tower 
observations) 
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6. 	 To develop strategies for CO2 mitigation through afforestation / reforestation with selected species 

Note: Study sites will be selected in Ecosystemlbiome as proposed in Fig.1. 

App.·oa~l.es 

I . 	 Identification of unique ecosystemlbiome for each of the SACEP countries. Ecosystem wil I be identified 
depcnding upon the Importance of the ecosystem services and/or vulnerability of the ecosystem towards 
climate change 

2. 	 Development of long -lenn study plots. 

3. 	 Development of capacity among different SACEP countries by 

a. 	 Constituting kcy faculty team for imparting training, 

b. 	 Imparti ng common training to all the involved paIincrs, 

c. 	 Developing common SOPs, 

d. 	 Generating all the results to common output platfonn for simulation modelling. 

4. 	 Development of infrastructure for Si\CEP paliners 

5. 	 Tmplementation of the proposal 

6. 	 Prioritization of the activities 


Activity phasing 


8. 	 Tmparting awareness and education among masses and educat ing policy makers . 

9. 	 Setting up a Forum for Climate Change Challenge to Flora in South ASIa 

FC3F-SA web portal for member countries for data base development, project implementation and 
information exchange. 

St.·ategy 

For implementing such an interknit programme, it is proposed to develop an appropriate implementation structure as 
shown in Fig. 2. 
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18S 

DG, SACEP (Regional Coorclinator) 

National Coordinator: to he no mina lect by cnncerned gm t. :lULilorily 

+ 
Stakeholders (Research Organizations/ Univer illes/Forest Departments, etc.) 
develop action plan, identification of responsible actions and implementation, 
e.g. imparting training 

Fig.2. Proposed implementation structure for the proposed programme 

In order 10 deve lop a common ~ys tem for colleclioll 0 re levant environmental pClr;:lITI ter relevant to climate change, it 

is proposed to install Eddy Covari ance F lux Stati ons to monitor climate variables viz. flu, cs of PA R, heat, water, 

C02, cvapotranspil"ation an d other tra c gase~. One Eddy Covariance Flux Tower is proposed to be establi ~hed in 

each reprcscnt Cltivc ccos, s tem in eac h A country. 

Partners will be trained by competent r<.:gional and international experts to collect com mon ecological Clnd 

physio logic"l parameters, which include : 

,/ community structure, 
,/ population abundance, 
,/ plant phenology, 
,/ mOitality and natality, 
,/ species recruitment and 1,.:placement, 
,/ inva iOIl pattern, 
,/ roo shoot partitioning, 
,/ carbon/nitrogen analysis in both plant and soil, 
,/ estimation of carbon sequc. trati on (SLA, LA I, gas exchange) 
,/ water re lation parameters. 

Thefollowing presents a larger scope to be adopted by th e partners : 

• Collection of previolls data from protected areas (National parks/BRfsanctuary) on specIes composition , 

population dynamics and the environmental variables to develop time seri es models . 

• Past satellite vegetation map~, if available, can be used in simulation modeling. 

• Past meteorological data sets need to be collected. 

• Climate simulation studies us ing appropriate technologies, like FACE and FATI 
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ANNEX 1 SACEP-NBRI Workshop Agenda 

09.03.08 (Day 1) Inauguration 

Inaugural Session 
09.00-09.30 Lightening of the Lam p 

• Wel come address, Dr Rakesh Tul i, Director, NBRI 
• Inaugural address, Dr AA Boaz. DG, SACEP 

09.30-10.00 
10.00-10.30 

• Theme Introduction, Dr C.K. Varshney, JNU , New Delhi 
• Key note address, Prof. NH. Ravindranath , liSe, Bangaiore 
• Vote of Thanks, Dr. R.D . Tri pathi Scientist, NBRI & Organisinng Secretary 

11 .05 

Session 1 
11.30 to 11 .30 
a.m 

Tea Break 

Climate Change ­ Scenario in different countries . 
• Chairperson: Prof. N.H Ravindranath,llSc, Bangalore 
• Rapporteur : Prof. A.S. Raghuvanshi,BHU , Varanasi 

Lead Lectures 
• Dr. J.S Pandey, NEERI , Nagpur 
• Prof. C. K Varshney, New Delhi (20 Min) 
• Dr. C. Sharma. NPL. New Del hi 

Country Presentations (20 min. each) Afghanistan, Bangladesh, Bhutan.. Maldives 
12.45-14.00 

Session 2 

04.00-05.30 

Lunch 

Climate Change and Biodiversity 

Country Presentations (20 min . each) 
Nepal. Sri Lanka. Pakistan 

03.30-04.00 Tea Break 

04.00-05.30 • Chairperson : Mr. Sandeep Tripathi ,ICFRE, Dehradun 
• Rapporteur: Dr. V. Nath , NBRI , Lucknow 

Lead Lec tures 
• Dr. Baban Ingole, NIO, Goa 
• Dr. J.P.N. Rai , G.B.P.U.A.&T., Pantnagar 
• Prof.Uma Melkania , Pantnagar University , Pantnagar 

Group Discussion (45 Min.) 
CI fM r • 

10.03,08 (Day 2) 

Session 3 Climate Change and Forestry Sector . 
9.30-11.00 • Chairperson: Dr. P.S. Ahuja, IHBT, Palampur 

• Rapporteur: Dr. Baban Ingole, NIO, Goaa.m. 

Lead Lec ture 
• Mr Sandeep Tripath i, ICFRE, Dehradun (20 Min ) 
• Mr. V.R .S. Rawat, ICFRE, Dehradun (20 Min ) 
• Prof. SP Singh, Garhwal Un iversity. Srinagar, Utlarakhand 

Group Discussion (30 Min.) . 


11.00 -11.30 Tea Break 

a.m 
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S~ssion 4 C!imate Cha~ge &Agriculture Sector 
11.00-12.30 • Chairperson: Dr. S.P. Sharma, MoEF, New Delhi 

• Rapporteur: Dr. Bajrang Singh, NBRI, Lucknow 

Lead Lectures 
• Dr. D.C. Uprety, IARI, New Delhi 
• Dr. AA Nambi MSSRF, Chennai 
• Dr A.R. Khan, ICAR, Patna 
• Dr. Akh ilesh Gupta, Advlsor,Ministry of Science and Technology & Earth Sciences 
• Dr. P. Krishnan, CRRI, Cuttack I IGroup Discussion~O Min) 

12.30-14.00 Lunch 

02.30 -03.30 

p.m. 

• Chairperson: Dr Akhilesh Gupta, Advisor.Mlnistry of Science and Technology & Earth Sciences 

03.30-04.00 

p.m. 

04.00 -06. 00 

p.m 

• Rapporteur: Dr. AP Dixit. Chairman, Sustainable Development Foundation , New Delhi 

Lead Lectures 

• Dr Joyshree Roy, Jadhavpur UniverSity, Kolkala 
• Dr. Unn ikrishnan , NIO, Goa 
• Prof M.NV Prashad , Hyderabad Un iversity, Hyderabad 

• Chairperson : Dr A.A. Nambi, MSSRF, Chennai 
• Rapporteur: Prof. R.S Tripathi, INSA, Lucknow 

Invited Lectures 

Climate Change, GHG emissions & Agriculture, 
Indian & South-Asian efforts for quality data to meet future Challenges 

• Dr. A.K , Allri , JNU. New Delhi 
• Prof. A,S, Raghubanshl, BHU , Varanasi 

Group Discussion (15 min.) 

Close of Meetin 
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11,03,08 (Day 3) 

-1 

I 
I 

I 
I 15.45-17.00 Presentation of Sub-Group discussion and Finalisation of the Strategy and Action Plan 

I 
I 12,03.08 (Day 4) 

Session 6 Environmental Issues Carbon Sequestration & Clean Development Mechanism 
9.00-11.00 

11 .00-11.15 

• Chairperson: Prof. S.P. Singh, VC, Gharwal University 
• Rapporteur : Dr. P . Krishnan, CRRI, Cuttack 

Invited Lectures 
• Prof B.C. Tripalhy, JNU . New Delhi: Use of higher plants and algae for carbon sequestration (20 

.min.) 
• Mr. S. Pal, Genesis Technologies, Thane. FACE Technology (20 min.) 
• Dr P.S. Roy, NRSA, Hyderabad 
• Dr. S.D. Attri, IMD , New Delhi 

Dr Vivek Kumar. TERI. New Delhi 
• Mr. BK Patnaik, PCCF, U.P, Lucknow 
• Mr. S. Pal , Genesis Technologies, Thane 

Grou Discussion 15 min. 
Tea Break 

Session 7 'Strategic Paper and Project Formulation 
12.30- 01.30 

p.m. 

p.m. 

I16.00-15.45 

• Chairperson : Dr. A.A. Boaz, DG. SACEP 
Steering Committee 

Prof. S.P. Singh, VC, Gharwal University (20 min.) 

Dr. P.S. Ahuja, Director tHBT, Palampur 

Dr. D.C Uprety, Emeritus Scientist, IARI, New Delhi (20 min.) 

Dr. R. Tuli, Director, NBRI, Lucknow (20 min.) 

Lunch 

1 
I 09.30 a.m. ­I 

12.30 p.rn 

L 
12.30 to 01.30 

Ip.m, 

I 
I 

Project Finalization 

Lucknow Declaration on "Climate Change & its Impact on Flora in the South Asian Region" 

Valedictory Session 

Presentation of network summaries 

Special comments by partners from neighbouring countries 
Concluding remark by Dr. A.A. Boaz, DG SACEP, Dr. Rakesh Tuli (Director NBR1) 
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ANNEX 2 - Press Coverage 
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ANNEX 3 List of Participants 

Afghanistan 

Mr. Saeed Ibrah im Sherzai , Mr. Adul Rafi Ghayour, 
Energy Efficiency Officer FFEM Project and Multilateral EIA Efficiency officer, Expert on Biodiversity 
Envi ronment Agreement Officer (Climate Change), NEPA 
National Envi ronmental Protection Agency (NEPA) National Environmental Protection Agency 
Kabul Afghanistan , Darul Aman Road - Kabul , Afghanistan 
Email: abrahim.saeed@gmail.com +93 (0) 7000 53422 
div.iea@nepa.gov.af Tel + 93 799 56 54 58 
Tel no : +93(0) 786221105 abrahim.saeed@gmail. com 

div,iea@nepa.gov. af 

Bangladesh 

Mr. Md. Billal Hossain, Deputy Director, Mr. Haradhan Ban ik, Ass istant Chief 
Department of Environment, Conservator of Forest, Department of Forest, 
Agaragon , Sher-e-Bangla Nagar, Dhaka 1207, Agaragon , Sher-e-Bangla Nagar, Dhaka 1207, 
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