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Overview of project work and outcomes  

Non-technical summary  
Monsoon Asia has been identified by the ESSP (IGBP, IHDP, WCRP and 
DIVERSITAS) as a priority region for integrated research studies.  Changes to the 
regional climate, biogeochemical, and terrestrial and marine ecosystem functioning 
brought about by human driving forces such as increase in population, intensified land 
use, urbanization, industrialization, and economic development may have global as well 
as regional consequences.  Similarly, effects of global change will have a significant 
impact on sustainable development at both regional and national levels.  Together with 
the ESSP, START and its regional networks in East Asia, South Asia and Southeast Asia 
will undertake integrated regional studies of global change in Monsoon Asia.  The 
integrated regional studies were preceded by a first phase of three sub-regional Rapid 
Assessment Projects for China/East Asia, South Asia and Southeast Asia that reviewed 
current knowledge regarding regional aspects of global change in Monsoon Asia.  A 
series of book volumes primarily authored by regional scientists have been prepared and 
are being published both in book volumes as well as on-line on the website of the 
Monsoon Asia Integrated Regional Studies projects office.   
 
Objectives  
The main objectives of the project were:  
1. Systematically review and publish the state of global environmental change in three 

sub-regions of monsoon Asia 
2. Use the reviews as input to develop the initial science plan of the Monsoon Asia 

Integrated Regional Studies (MAIRS) project 
3. Engage and entrain regional scientists into collaborative partnerships to help develop 

and implement the MAIRS initial science plan 
 
Amount received for each year supported and number of years supported 
US $ 45,000 per annum for 2 years (2004/2005) – APN funding was specifically for the 
Southeast and South Asia rapid assessment exercises 
 
Participating Countries 
Participants in the South Asia Rapid Assessment Workshop from the following countries 
were partially or fully funded by this APN grant: 
 
India (8) Bangladesh (2) Pakistan (1) Sri Lanka (2) 
Nepal (1) USA (1) Australia (1)  
 
Participants in the Southeast Asia Rapid Assessment Project Coordinators Meeting from 
the were partially or fully funded by this APN grant: 
 
Thailand (3) Philippines (2) USA (1) Australia (1) 
Indonesia (1) India (1) Singapore (2)  
 
Work undertaken  
During July 2005, workshops of lead coordinators and invited experts were held in 
Chiang Mai, Thailand (for Southeast Asia Rapid Assessment) and Colombo, Sri Lanka 
(for Southeast Asia Rapid Assessment). These workshops brought together key scientists 
engaged in ongoing research on Southeast and South Asia, including representatives from 
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START’s program sponsors and APN SPG.  Products from these meetings include a 
refined conceptual framework for national-level studies and agreements and action plans 
for writing chapters for the sub-regional book volumes.  The tables of contents for the two 
volumes Southeast and South Asia are attached. 
 
Early working drafts for various sections of sub-regional assessment book volumes were 
reviewed and decisions on the final structure, layout, and contents were finalized.  
Commitments for completion of written materials were secured from the lead 
coordinators.  Updates were also provided to the MAIRS planning group meeting in 
Beijing during January 2006 and Kunming in May 2006 at which APN staff also 
participated. 
 
The resulting chapters for book length volumes were reviewed, revised and further 
discussed at various fora, including the APN-supported October 2006 workshop in 
Darjeeling, India which involved scientists from South Asia as well as representatives of 
the MAIRS International Project Office   
 
Results  
Three books summarizing current knowledge on regional aspects of global change in 
Monsoon Asia, and identifying gaps in knowledge, and priorities for new research are in 
hand.  The first of the three books, ‘Changes in the Coupled Human-Monsoon system of 
East Asia in the Context of Global Change’, has been completed and is currently under 
final review.  Publication is expected in early 2007.  The second book, ‘Global 
Environmental Change and the Southeast Asian Region: An Assessment of the State of 
the Science’, is under preliminary review.  The final book on the South Asia Rapid 
Assessment has been reviewed at the Darjeeling workshop (see above) and the South 
Asia START Regional Center intends to publish it in early 2007.  
 
The ultimate outcome of this project provided input to the science plan for follow-up 
studies in Monsoon Asia and the establishment of an international network of scientists 
engaged in integrated regional analysis of regional environmental change, and the 
implications for sustainable regional development. 
 
Relevance to APN scientific research framework and objectives  
 
Self evaluation  
 
The effort experienced some time delay due to slowness in submission by chapter authors 
and lead coordinators as well as in the review process.  The active engagement of a 
number of authors and reviewers in the ongoing 4th Assessment of the IPCC contributed 
to this delay. Nevertheless, the effort was timely in helping define research themes and 
priorities for the Monsoon Asia integrated regional Studies program.     
 
Potential for further work  
 
The MAIRS Initial Science Plan describes research activities to be undertaken in 4 highly 
vulnerable zones in Monsoon Asia, including the coastal zone, urban zones, mountain 
zones and semi-arid zones.  The scientific research to be carried out in each of these zones 
as well as integrative and syntheses across the monsoon Asia region to be conducted form 
the basis for further work building on the effort accomplished under this APN grant 
award.  Specifically, two immediate activities have been proposed in the recent round of 
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APN ARCP: one for a scoping workshop for the semi-arid regions of monsoon Asia and 
another for an institute on Advances in Monsoon Science.  
 
Publications  
 
On-line publication of the chapters from the Southeast Asia and South Asia rapid 
assessments will take place through the MAIRS website (with appropriate 
acknowledgement of APN support).  The on-line material will be made public during 
early 2007. 
 
A book volume of the East Asia rapid assessment is complete and due to be submitted to 
the publisher in India in early 2007 (initial negotiations with publishers such as Springer, 
Kluwer and Cambridge Publications were abandoned because of the extremely high costs 
of these publishing firms; instead, following advice of SARCS members, contacts have 
been established with Earthworm books in India for publication of the East Asia volume. 
 
References 
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Integrated Regional Study, MAIRS Working Papers Series #1. Available from MAIRS 
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Technical Report 

Preface 
Different regions of the world may manifest significantly different responses to various 
Earth-System dynamics, which may in turn produce considerable consequences for the 
global Earth System.  Irreversible changes to the regional biogeochemistry, and terrestrial 
and marine ecosystem functioning brought about by increase in population, intensified 
land use, urbanization, industrialization and economic development may have global as 
well as regional consequences. Similarly, effects of global change have a significant 
impact on sustainable development at both regional and national levels.   An assessment 
of environmental changes occurring in the monsoon Asia region is a prerequisite for 
developing a coordinated and integrated effort on regional scale global changes of 
particular importance to the global earth system. 
  
1.0 Introduction 
Different regions of the world interact with the Earth System in different ways. Some 
regions may function as choke or switch points (Figure 1.1) in larger biogeochemical 
processes. The monsoon Asia region has been postulated as important to the global 
climate system, for example, because the Tibetan Plateau exerts considerable influence 
on atmospheric circulation and the Himalayas are the source of most of the major rivers 
of Asia.  An international, regional perspective is important to achieving a better 
understanding of both the Earth System and sustainable development (Tyson et al., 2002). 
Regions whether defined by common biophysical characteristics, by shared patterns of 
history, language, and culture, or by the strength of recent economic relations like trade 
and investment, are important complementary levels of analysis to focus on nation states 
and biogeographical zones for the study of environmental change. In the case of the 
monsoon Asia region, a long history of adaptation and transformation of landscapes has 
resulted in perhaps a greater co-evolution of bio- physical landscapes and social 
organization than most other locations in the world. This requires studies  
aimed at understanding both the region’s role in the Earth System and, conversely, how 
societies in the region may be impacted and be vulnerable to changes largely beyond their 
control. For example, there have already been several important investigations at large 
spatial levels on the vulnerability of food systems (Aggarwal et al., 2004), identification 
of hotspots and syndromes of environmental degradation, environmental threats to 
security (Khagram et al., 2003) and consideration of regional strategies for managing 
these risks and impacts. 
 

 
Figure 1:  Potential choke points in the Earth System (Source:  Steffen et al, 2004) 
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In this document monsoon Asia is defined as the contiguous region of Asia, including 
East, Southeast and South Asia, that is affected by the seasonally varying Asian monsoon 
circulation system. The monsoon Asia region supports the largest populations on earth, 
being home to 3.6 billion persons (FAO, 2006). Societies in Monsoon Asia are critically 
dependent on the variability of the monsoon circulation system. Seasonal flood regimes 
underlie agricultural land-use systems and the evolution of human-dominated landscapes. 
Floods also maintain ecosystems that support inland fisheries, but at the same time, 
constrain or make more costly, urban–industrial development in seasonal flood plains.  
Many of these relationships between the monsoon and human activities and well-being 
are once again, and even more rapidly, transformed in the current wave of 
industrialization and urbanization. Notably increasing intensities of energy and land use 
are contributing to increased levels of aerosols with implications for air quality and 
human health (Imura et al., 2005; Ezzati et al., 2004), as well as regional 
biogeochemistry. 
 
The region is characterized by diverse geography that includes the world’s highest 
mountains and longest rivers. These rivers have been extensively modified by canals and 
dams to support irrigation systems, produce electricity and reduce risks of flooding in 
built-up areas. As in other parts of the world, riparian ecosystems, freshwater lakes and 
wetlands have been modified and transformed. The region has diverse habitats ranging 
from glaciers and deserts, extensive semi-arid zones to tropical rainforests. Significant 
fractions of these habitats are fragile for various reasons, including highly variable 
rainfall, frequent droughts and floods. Dust storms and soil erosion are endemic in the 
region. A long coastline with major deltas and ports includes most of the largest urban 
conglomerations.  
 
Humans have extensively modified the landscape, sometimes maintaining significant 
levels of biodiversity and other ecosystem functions, for example, in complex 
agro-systems with significant conservation value in their own right (Long et al., 2003; Xu 
and Wilkes 2004), and in other cases following conventional intensification approaches 
with their associated problems where inputs or land are not well managed. The region is 
also well-known for its biodiversity that supplies the inhabitants with essential ecosystem 
goods and services (Millennium Ecosystem Assessment, 2005). Several major zones 
appear to be highly vulnerable to the combination of global environmental changes and 
more locally wrought transformations of land and water use. In particular, mountain 
zones, coastal–urban corridors and semi-arid areas are under considerable stress 
generated by human activity and incipient global warming impacts (IPCC AR3, 2003).  
 
The intensification of human activities, evident in per capita resource-use and emission 
levels well below those of the United States or the European Union, will in aggregate 
have a major impact on the global environment. How urbanization and industrialization 
unfold will be critical. The technologies used by firms can, and sometimes have, had 
major impacts on environmental performance (Rock, 2002; Rock and Angel, 2005). 
Urbanization creates substantial opportunities to improve energy efficiency in buildings 
and transport as well as reducing pressure on valuable agricultural land through higher 
densities of human settlement (McGranahan and Satterthwaite, 2003; Lebel 2005). 
Demographic trends are also likely to be hugely important for future landscape change. 
Very rapid declines in fertility rates in most countries across the region, combined with  
high levels of rural-to-urban migration are leading to scenarios of ageing populations and 
local de-population in rural areas, while massive increases in densities in others.  
 
Nevertheless, there is substantial evidence of environmental degradation, in terms of 
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worsening air pollution in the larger cities, losses of biodiversity, desertification, 
disappearing wetlands, grassland overexploitation, water pollution, salinization and soil 
erosion. The need for further economic development underlines the prospect that many of 
these pressures are likely to continue rather than decline in the foreseeable decades, 
indicating the need for major changes in development trajectories if they are going to ever 
become sustainable. Decoupling social development gains from their adverse 
environmental impacts is going to be critical for the region and the globe.  
 
Current scientific understanding suggests that global warming will significantly affect the 
variability of the monsoon system, especially the hydrological components. There are 
recent indications that anthropogenic impacts caused by enhanced greenhouse gas 
emissions and large-scale changes in land cover might be responsible, at least in part, for 
regional impacts such as attenuation of surface heating (Ramanathan et al., 2005), 
declining crop production (Chameides et al., 1999) and changes in precipitation (Fu et al., 
2002, Endo et al., 2006). Extreme events, such as typhoons, may also be increasing in 
intensity (Emanuel, 2005). Monsoon circulation may also be important, because it 
transports aerosols, for example, from the urbanizing regions of Delhi through the 
Himalayas or out over the Indian Ocean.  
 
The impacts of changes to the Asian monsoon are unlikely to be felt evenly across the 
region. Parts of society and some ecosystems are much more vulnerable than others . 
Mountains, arid regions and coastal zones appear to be particularly vulnerable. Urban 
zones may also be though they often have the political power and economic resources to 
protect, insure and repair themselves. However, at present there is still no strong direct 
evidence that the dynamics of the regional monsoon circulation system have been altered. 
Moreover, little is known about potential changes that might occur in the physical 
monsoon circulation system itself - including its variability and stability - due to global 
warming induced by anthropogenic activities, especially global-scale emissions and 
accrual of greenhouse gases in the atmosphere, regional landscape changes and 
associated aerosol generation. Hence, a comprehensive regional research effort is needed 
to understand the conjoined physical–biogeochemical–human interactions in monsoon 
Asia. Recent advances in modeling climate in the region (e.g. Fu et al., 2005) augur well 
for such  
investigations.  
 
Clearly, a dedicated effort to understand and anticipate the interactions between regional 
development and the Earth System could be very valuable for developing decision tools, 
alternative policy options and sustainable development pathways for the region.  In order 
to develop such a dedicated effort, it is essential to take stock of what is known about 
global change at regional and sub-regional scales and what scientific challenges must be 
met that could be embodied as essential thrusts of a concerted research program for the 
region.   
 
Hence, a set of 3 sub-regional scale rapid assessments/syntheses exercises were 
proposed: one each for East Asia, Southeast Asia and South Asia, respectively to distil the 
available knowledge on the driving forces of change, current state of the system, impacts 
of changing driving forces and consequences for the region.  The intent was to use such 
syntheses to develop a program of research, called Monsoon Asia Integrated Regional 
Study Program, to be fostered under the general umbrella of the Earth System Science 
Partnership (ESSP) and in close collaboration with ESSP’s START program.   ICSU 
funded a collaborative effort between START and SCOPE on East Asia and APN funded 
a part of this effort focusing on Southeast and East Asia.  This report focuses on the 
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activities and outcomes under APN-funded effort. 
 
2.0 Methodology 

The PI and collaborators (called “coordinators” for various sections of the proposed 
syntheses/assessments) contacted well-known regional scientists and secured their 
participation in the effort.  These scientists were persuaded to prepare written 
contributions on selected topics (see Appendix).  Guidelines for the length, style 
(including number of figures and reference styles, etc.) were prepared and disseminated.  
While sufficient time was provided to prepare such written inputs, additional time was 
needed to consolidate the written sections.  
During July 2005, workshops of lead coordinators and invited experts (including select 
APN SPG members and APN Secretariat staff) were held in Chiang Mai, Thailand (for 
Southeast Asia Rapid Assessment) and Colombo, Sri Lanka (for Southeast Asia Rapid 
Assessment). These workshops brought together key scientists engaged in ongoing 
research on Southeast and South Asia, including representatives from START’s program 
sponsors and APN SPG.  Products from these meetings include a refined conceptual 
framework for national-level studies and agreements and action plans for writing chapters 
for the sub-regional book volumes.  The tables of contents for the two volumes Southeast 
and South Asia are attached as Appendix. 
 
Early working drafts for various sections of sub-regional assessment book volumes were 
reviewed and decisions on the final structure, layout, and contents were finalized.  
Commitments for completion of written materials were secured from the lead 
coordinators.  Updates were also provided to the MAIRS planning group meeting in 
Beijing during January 2006 and Kunming in May 2006 at which APN staff also 
participated. 
 
The resulting chapters for book length volumes were reviewed, revised and further 
discussed at various fora, including the APN-supported October 2006 workshop in 
Darjeeling, India which involved scientists from South Asia as well as representatives of 
the MAIRS International Project Office   
Negotiations have been undertaken with various publishing companies to produce the 
books.  In the meantime, the synthesized products were also provided to members of the 
Scientific Steering Committee of the monsoon Asia Integrated Regional Study Program 
in order to help develop a longer-term research effort on the most vulnerable zones in the 
Monsoon Asia region. 

3.0 Results & Discussion 
The sub-regional rapid assessments identified two major challenges for global changes in 
the monsoon Asia region: 

• Is the Asian monsoon system resilient to the human transformation of the region’s 
land, water and atmosphere?  

• Are societies in the region becoming more or less vulnerable to potential changes in 
the Asian monsoon?  

Through these sub-regional assessments several major gaps in knowledge were noted that 
require consideration of:  
•The major demographic, socio-economic and institutional drivers for change, including 
the development of scenarios for changes related to urbanization and industrialization, 
energy production and biomass burning, land-use/cover change and water resource 
harvesting, including dam construction.  
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•The effects of these drivers on regional air quality, water quality and availability, coastal 
resources and natural land-based ecosystems and biodiversity.  
•The impacts on biogeochemical cycles and the physical climate system, including its 
variability at different scales.  
•The impacts of global and other feedback effects on the regional biospheric life-support 
system, including food systems, water resources and health. 
 
The assessments noted that there are indications that human activities, especially those 
associated with economic development may be having a detectable impact on the 
monsoon system (Giorgi et al., 2001, Fu et al., 2002, Ashrit et al., 2003, Ramanathan et 
al., 2005). Examples of such activities are increasing emissions of greenhouse gases and 
aerosols and large-scale human-induced land cover changes. Increases in emissions of 
greenhouse gases and aerosols and shifts in their detailed composition are being driven by 
rapid urbanization and industrialization in previously low-input griculture-dominated 
economies.  
 
Our understanding of the implications of these major social transformations for 
environmental changes has progressed substantially in the last decade and there is now a 
real potential to address larger Earth System questions — is the Asian monsoon system 
resilient to this human transformation of land, water and air? Changes in the monsoon 
could have profound impacts on social development, ecosystem goods and services, 
human well-being and health. At the same time rapid economic and social development 
that is driving environmental changes might also reduce certain kinds of vulnerabilities. 
The range of technologies available to governments and communities has grown 
tremendously. Institutional innovations like insurance and better accountability, data and 
information systems, better communication infrastructure and better observation systems 
could further reduce key vulnerabilities or be the basis of adaptation to future changes in 
the monsoon in Asia and the global environment. But involuntary risks are also modified 
and shifted by development (Lebel et al., 2006).  
 
The improved understanding of social change at multiple levels in the region needs to be 
directed at new questions — are societies in the region becoming more, or less vulnerable 
to potential changes in the Asian monsoon?   
Environmental change in the monsoon Asia region is not independent of global changes, 
and vice versa. There is still little knowledge about how and how much the regional and 
global environmental systems are conjoined. The third overarching question is therefore: 
What are the likely consequences of changes in monsoon Asia on the global climate 
system?  
 
The way societies in the monsoon Asia region use land, water and energy in the coming 
decades will make a difference. Hence, the sub-regional assessments provided inputs to 
development of the Monsoon Asia Integrated Regional Study Program that will focus its 
research efforts on four research themes. These were selected because they cut across 
resource management issues directly and are potentially impacted by changes in the 
monsoon system and other global environmental changes (Table 1). The research themes 
are:  
• Rapid transformation of land and marine resources in the coastal zones.  
• Multiple stresses on high mountain ecosystems and biophysical resources.  
• Degradation of land and water resources in semi-arid regions as a result of changing 
climate and use.  
• Changes in resource use and emissions resulting from rapid urbanization. 
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Table 1:  The key issues for environmental change in monsoon Asia 
 

Zone  Coastal Zone  Mountain Zone  Semi-arid Zone  Urban Zone  
Issue      
Water  •Saline intrusions  

•Reduced river 
outflow  
•Eutrophication 

•Increased 
vulnerability of 
“water towers” 
monsoon Asia  

•Larger 
variability in 
precipitation  
•Decline in 
Pollution 

•Urban and 
industrial 
pollution  

Energy  •Flooding of coastal 
oil and gas fields 
•Destruction by oil 
and gas platforms 
•Reduced mangrove 
area and other 
woody fuel biomass

•Deforestation 
for energy use  

  

Food security •Red tides and 
harmful algal 
blooms  
•Declining fish 
catches 
•Less farmland 

•Increased 
vulnerability of 
subsistence 
farming  

•Reduced crop 
production  

•Competition 
for prime 
agriculture land  

Air quality 
and health 

•More heat related 
and tropical 
diseases  

•Urbanization in 
isolated areas  

•Damaged by 
dust aerosols  

•Air pollution 
from 
transportation, 
manufacturing  

Disasters  •Sea-level rise  
•Land subsidence 
•Coastal erosion 
•Stronger typhoon 

•Risk of glacial 
lake outburst 
floods  

•Drought  
•Dust storms 
•Snow storms 

•Increased 
vulnerability; 
protection cost; 
•Modified flood 
regimes  

Biodiversity  •Hypoxia and 
anoxia 
•Dams blocking 
migration of aquatic 
biota 
•Loss of ecosystem 
functions and 
services 

•Vulnerability of 
ecosystems to 
climate change  
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Figure 2 The conceptual framework of MAIRS 

 
The conceptual framework for the MAIRS program takes into account the complex 
relations between development pathways and their impacts on key resources (land, air, 
food and water) and consequences for the regional monsoon and global climate systems. 
It highlights that environmental change in the region is due to both natural forcing and to 
anthropogenic forcing 
 

4.0 Conclusions 
Three books summarizing current knowledge on regional aspects of global change in 
Monsoon Asia, and identifying gaps in knowledge, and priorities for new research are in 
hand.  The first of the three books, ‘Changes in the Coupled Human-Monsoon system of 
East Asia in the Context of Global Change’, has been completed and is currently under 
final review.  Publication is expected in early 2007.  The second book, ‘Global 
Environmental Change and the Southeast Asian Region: An Assessment of the State of 
the Science’, is under preliminary review.  The final book on the South Asia Rapid 
Assessment has been reviewed at the Darjeeling workshop (see above) and the South 
Asia START Regional Center intends to publish it in early 2007.  Logo of APN will 
appear on the final book  volumes. 
 
The ultimate outcome of this project provided input to the science plan for follow-up 
studies in Monsoon Asia and the establishment of an international network of scientists 
engaged in integrated regional analysis of regional environmental change, and the 
implications for sustainable regional development. 
 

5.0 Future Directions 

The Monsoon Asia Integrated regional Study program is one of the products resulting 
from this APN-funded activity.  This program released its initial science plan at the ESSP 
Conference held in Beijing during November 2006.  This initial science plan is now being 
implemented and several proposals have been submitted to APN for specific activities 
related to the plan. 
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Appendix 
 
See attached 
 
 
Funding sources outside the APN 
 
Co-funding and in-kind support for the rapid assessment exercises was received from 
ICSU, SCOPE and START.  ICSU provided funding support for the East Asia rapid 
Assessment.  SCOPE provided services of two SCOPE representatives who helped edit 
the East Asia Rapid Assessment book chapters.  START helped with arrangements of 
coordinators meetings, and representatives of START participated in the meeting of 
coordinators.  START also helped promote the rapid assessment products with the 
MAIRS SC as well as the START regional Committees in monsoon Asia region. 
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Glossary of Terms 

 APN: Asia-pacific network for Global Change Research 

 ARCP:  APN’s Annual Regional Call for proposals 

 DIVERSITAS:  International research programme on Global Change and Biodiversity 

 ESSP:  Earth System Science Partnership 

 IHDP:  International human Dimensions of Environmental Change Programme 

 IGBP:  International Geosphere-Biosphere Programme 

 IPCC: Intergovernmental Panel on Climate Change 

 MAIRS:  Monsoon Asia Integrated Regional Study 

 SPG: APN’s Science Planning Group 

 START: Global Change System for Analysis, research and Training 

 SCOPE:  Scientific Committee for the Problems of the Environment 

WCRP:  World Climate Research Programme 
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