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Monsoon Asia Integrated Regional Study 
(MAIRS)-an IRS project unfer ESSP (from 2006)

MAIRS is an international research 
program focusing on the integrated 
studies of environmental changes in 
monsoon Asian region. International 
Program office (IPO) is located in 
Beijing, financially supported by 

Chinese Academy of Sciences and 
NASA’s LCLUC program. 

The vision of MAIRS is “To 
significantly advance the understanding 
of the interactions between the human-

natural components of the overall 
environment in the monsoon Asian region, 

and implications for the global earth 
system, in order to support strategies 

for sustainable development. “
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Major scientific research activities

1.Aerosol-climate interaction (iLEAPS-
ACPC, IGAC/IGBP, AMY/WCRP)

2.Land cover change –climate interaction
(NASA LCLUC/NEESPI, CEOP
GEWEX/WCRP, GLP/IHDP,iLEAPS,GCP)

3.Regional modeling and future projection
(CORDEX/WCRP, AIMES/IGBP and 
other modeling groups)



MAIRS hotspots study in science plan
-- A: Yangtze River Delta          -- Dryland Asia
-- C: Ganges River Delta          -- Himalayan&Tibetan Plateau
-- B: Mekong River Delta
-- D: Pearl River Delta
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1，Dryland Study
2，Mega-city study 
3，Regional earth system modeling

MAIRS hotspots studies in developing



1, MAIRS Dryland Study

Water resources and 
ecosystem service goods 
are crucial to the people 
living in dryland regions

Dryland regions are 
sensitive to climate 
variation and human 
perturbations

Dryland areas in monsoon 
Asia are the major sources 
of dust aerosol

Land 
degradation in 

semi-arid China

Desertification rate over 
Northern China (Cai, 2005)

Before mid 1970’s: 0.15 million  
hectare/year

mid 1970’s to 1980’s: 0.21 
million hectare/year

After 1990’s: 0.25 million 
hectare/year



Land cover/use change in dryland China from 1980 
to 2000

Forest Grassland

decrease

decrease
increase

increase

decrease

increase

forest

grassland

Paddy field

grassland

Desert and
Gobi

Dry farmland

Land cover in 2000 Cropland

increase



通榆

兰州

三江
海伦

长白山

沈阳

奈曼
内蒙

北京鄂尔多斯

阜康

策勒 临泽

海北

沙坡头

安塞 禹城

乌兰乌苏

阿克苏

莎车

黑龙江呼中

盘锦

玛曲

中国生态系统定位研究站（CERN)

农田
森林
草地
荒漠

海湾
湖泊
湿地

农田
森林
草地
荒漠

沙尘观测站

项目自建站

China Flux站

国际CEOP标准
站

敦煌

榆
林

张掖
武威

安定

和田

乌鲁木齐

塔中
若羌

库尔勒 哈密
吐鲁番

伊宁

喀什

黑山头 阿克达拉

平凉

Exsiting Intensive Observation Stations in 
Northern China (~40)

•Lack of data sharing

•No joint equipment calibration

•No joint data quality control

•Lack of regional integration
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MAIRS dryland observing network

(22 stations in 2009) 



Participant institutes

1. Institute of Atmospheric Physics, CAS
2. Cold and Arid Regions Environmental and 

Engineering Research Institute 
(CAREERI),CAS

3. Lanzhou University
4. Beijing Normal Univesity
5. Gansu Provincial Meteorological Bureau, CMA
6. Institute of water and soil conservation, CAS
7. Institute of Botany, CAS
8. Xinjiang Provincial Meteorological Bureau, CMA
9. Northeast Normal University



Experts Workshops

1st national workshop on 
integrated dryland study

27-29th Jun, 2007

Beijing

2nd National workshop 
on integrated dryland 

study

10th Dec, 2007

Beijing



Dryland Main Research Agenda  

1) The structure and characteristics of 
atmospheric boundary layer under different 
land surface  

2) water and energy cycle of land-atmosphere 
processes in dryland region.

3) Methods of scale conversion from one point 
observation to local/regional scale and vice-
versa

4) Physical/chemical characteristics of dust 
aerosol and its interaction with 
local/regional climate



Training courses for Young Scientists

1st Training courses on flux 
observation, 11-13th Dec, 
2007, Beijing

1, Basic theory of ABL,  land 
surface processes and aerosol 

2, Equipment placement and 
setting

3, Observation  guideline 

4, Data archive and quality 
control 2nd training course on flux 

data quality control, 17-18 
July, 2008, Xian



Calibration 2008



Ground 
Meteoro.

Wind, 
temperature 

humidity in near 
surface levels

Radiati
on

Heat and CO2 
flux

Soil temp, 
soil 
moisture

ecosystem aerosol

阿克苏 √ √ √ √ √ × ×

奈曼 √ √ √ √ √ × ×

阿柔冻融 √ √ √ √ √ × ×

大野口 √ √ √ √ √ × ×

盈科 √ √ √ √ √ × ×

临泽 √ √ √ √ √ × ×

玛曲 √ √ √ √ √ × ×

榆中 √ √ √ × √ × ×

兴隆山 √ √ √ √ √ √

长武 √ √ √ √ √ √ √

安塞 √ √ √ √ √ √ ×

张掖 √ √ √ √ √ √ ×

定西 √ √ √ √ √ √ √

通榆（退化
草地）

√ √ √ √ √ √ √

通榆（农田） √ √ √ √ √ √ √

东苏 √ √ √ √ √ √ ×

锦州 √ √ √ √ √ √ ×

密云 √ √ √ √ √ × ×



Main Observing Agenda

1) Atmosphere boundary Layer  

2) Land surface processes (including the 
surface water/energy/carbon flux, soil 
T/M/heat flux)

3) Dust Aerosol 

4) Ecosystem

5) Remote sensing products on land cover 
details



Intensive Observation Period  in summer of 
2008 and 2009

1)18 stations joined the 2008 IOP in 
1July-30September, equipment (flux) 
calibration in June 2008

2)Data quality control finished by 15 Dec 
2008, and being shared with 
participating groups from 31 Dec 2008.

3)22 stations are joining the 2009 IOP 
form 1June to 30 Sep., calibration 
finished in May 2009



Set up MAIRS Dryland Working Group on 
“Coupled Human-Environment Systems (CHE)”

Objectives:
To assess the vulnerability of 
dryland Coupled Human-
Environment (CHE) systems in the 
MAIRS region and to develop and 
evaluate various coping strategies 
to global changes in the MAIRS 
dryland region.



Scope of the Effort

1. Evaluate the climate and other global change 
trends on the CHE of dryland systems

2. Identify critical drivers, trade-offs and 
thresholds on the vulnerability of the coupled 
human-environment system relative to sensitivity, 
impacts, and adaptive capacity of various system 
components in the MAIRS dryland region

3. Model stresses, impacts and responses of CHE in 
the MAIRS dryland region

4. Evaluate coping mechanisms to deal with 
vulnerabilities related to building socio-ecological 
resilience and to developing adaptive strategies 
in the dryland MAIRS region.



Thank You!
Questions about Dryland Studies



In 2000, about 47 % of the 
world’s population, and 30% 
of Asian population lived in 
urban areas.

Of the 10 world's most 
populous urban agglomerations, 
6 are in Asia 

by 2015 there will be 358 
cities worldwide with 
population of over a million 
people; of them 153 are 
expected to be in Asia. Of an 
estimated 27 mega-cities 
(exceeding a population of ten 
million), 15 will be in Asia.

2, MAIRS Mega-city Study

Tokyo



Change in sunshine duration（hr d-1 in 10 
years due to aerosols, T. Zhao et al., 2007)

 80°E  90°E 100°E 110°E 120°E 130°E

20°N

25°N

30°N

35°N

40°N

45°N

50°N

55°N

<-0.5
-0.5~-0.2
-0.2~0
0~0.2
0.2~0.5
>0.5



1960 1965 1970 1975 1980 1985 1990 1995 2000
-2

-1

0

1

2

3

4

5

6

year

vis
ibi

lity
 an

om
aly

 (k
m)

trend= -1.5/10a

1960 1965 1970 1975 1980 1985 1990 1995 2000
-4

-2

0

2

4

6

8

year

vis
ibi

lity
 an

om
aly

 (k
m)

trend= -2.3/10a

1960 1965 1970 1975 1980 1985 1990 1995 2000
-4

-2

0

2

4

6

8

year

vis
ibi

lity
 an

om
aly

 (k
m)

trend= -2.4/10a

1960 1965 1970 1975 1980 1985 1990 1995 2000
-4

-2

0

2

4

6

8

year

vis
ibi

lity
 an

om
aly

 (k
m)

trend= -1.6/10a

1960 1965 1970 1975 1980 1985 1990 1995 2000
-2

-1

0

1

2

3

year

vis
ibi

lity
 an

om
aly

 (k
m)

trend= -0.7/10a

Change of visibility 
(km) in China 1960-

2005

长江三角洲 四川盆地
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华北
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Main Research Agenda 

Tokyo Bay

Aerosol-climate interaction

Urbanization, Land cover change and 
local/regional water cycle 

Mega-city risk 
assessment/management 

Energy, emission and human health



Linan

Nanjing

Taizhou

Observation network in city cluster of 
Yangtze Delta

长江三角洲地区

Changsuo
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Shanghai
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3, Regional Model Inter-comparison  
Project—RMIP

Building Asian Climate Change 
Scenarios by Multi-Regional Climate 

Models Ensemble



Tasks of RMIP for Asia

• Phase I,  18 months run (1997-),    
annual cycle and extreme, 2002-
2004

• Phase II, 10 years run (1989-
1998), statistical behaviors, 2004-
2007

• Phase III, nesting with GCM, 
projection of regional climate in 21 
Century, 2008-2010
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Simulation Design

Integration Domain: (45-165E, 0-45N)
Resolution: 60KM (for whole area, downscaling to 30KM in 

some key areas)
Participating Countries: China, Japan, Korea, Australia, US 
Regional Models: 6 models in RMIP II, and 9 models in   

RMIP III
Global models: 2 GCM outputs as driving fields 
Simulation Periods: 1978-2000 for control, 2038-2070 for 

projection, A 2-year spin-up time is applied to both control 
and projection runs 



Participant RCMs in RMIP III

1. Institute of Atmospheric Physics/CAS, China 
2. National Climate Center/CMA, China
3. Nanjing University, China 
4. Seoul National University, Korea 
5. Metrological Research Institute/JMA, Japan 
6. CSIRO/CCAM, Australia, Commonwealth 

Scientific and Industrial Research 
Organization

7. Yonsei University, Korea 
8. Hawaii University, USA 
9. National Research Institute for Earth 

Science and Disaster Prevention, Japan 
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