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Abstract

The United States Department of Energy and the People's Republic of
China (PRC) Chinese Academy of Sciences signed an agreement on
19 August 1987 to carry out a joint research program on the study of
C0 -induced climate changes. The joint program has four tasks—analysis of general circulation models (GCMs), preparation and analysis
of proxy and instrumental data, the study of the relationship between
large- and regional-scale climates, and CH measurements. The program structure, technical tasks, and the initial research progress are
described.
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1. Introduction

The greenhouse effect has gained increasing national and international attention as a major scientific issue. The greenhouse
effect, put simply, is a warming of the earth-atmosphere system
through absorption by atmospheric trace gases of radiative energy from the earth's surface. Carbon dioxide (C0 ) is the
major contributor to the greenhouse effect, methane (CH ),
chlorofluorocarbons (CFCs) and nitrous oxide (N 0) also cause
atmospheric warming. Atmospheric C0 is a natural species of
the atmosphere, however, human activity has increased its concentration, largely through the burning of fossil fuel (DOE,
1985a). Since the early 1800s, the concentration of atmospheric
C0 has increased 25 percent and part of this increase may be
due to changes in land use, particularly deforestation (DOE,
1985a).
The growing use of fossil fuel has been documented by Rotty
and Marland (1986) and updated by Marland (1988, personal
communication). Fossil-fuel usage has grown from approximately 1.5 gigatons per year in 1950 to 5 gigatons in the 1980s.
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Fossil-fuel usage in different regions of the world has changed
over time. For example, the global fraction of fossil-fuel usage
by United States and Canada has decreased from about 45
percent to about 25 percent between 1950 and 1985, while
Asian usage (mainly The People's Republic of China [PRC])
has grown from 1.4 percent to 11 percent. The contribution
from the developing countries has grown from 6 percent to 15
percent in the last 35 years. Numerous studies with generalcirculation models (GCMs) of the earth's climate predict that
a doubling of the present level of C0 could result in a global
warming of 1.5 to 4.5°C with larger warming at high latitudes
(The state of the art of these studies is documented in DOE
[ 1985b,c].) A concerted research effort is required to understand the magnitude and rates of change in regional climate.
The global use of fossil fuels and the possible resultant global
climate change strongly suggest that an international research
program is needed to address the problem. Bilateral agreements
for joint research programs can provide a valuable contribution
to this end. One such effort between the United States Department of Energy (DOE) and the PRC Chinese Academy of
Sciences (CAS) is under way. The agreement for this collaborative research was signed on 19 August 1987, by DOE and
CAS. The official agreement follows two years in which research was conducted on scientist-to-scientist exchanges of approaches, data, models, and visiting scientists between the two
organizations. The research is well under way and both countries are already benefiting from the joint research. The organization's structure, technical tasks, and initial results of the
joint US/DOE-PRC/CAS research project are described.
The collaborative research between the two organizations is
based on the responsibilities each has for climate and C0
research within its respective country. In the US, DOE has
primary responsibility for studying C0 and possible climate
change resulting from the C0 greenhouse effect. In the PRC,
CAS has the responsibility for the study and prediction of
climate change.
DOE's involvement in atmospheric C0 research is energy
related. Fossil fuel emissions of C0 are the major man-induced
cause of increasing levels of atmospheric C0 , and DOE needs
to know more about the effects of fossil fuel use on regional
climate so that effective policy options can be developed.
The CAS' interest in the C0 issue is related to climate and
agriculture. From 1970 through 1975, China alternately ex2
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perienced severe floods and droughts. There is a great concern
in the PRC about the possibility of climate changes in the next
few decades because of their implications on China's national
plan for modernization in industry, agriculture, science, and
technology.
The joint project provides opportunities for scientists to work
and to share information. The CAS scientists are accessing
U.S. climate data bases, climate models, and the research facilities needed for data base analysis. U.S. scientists are acquiring PRC historical and instrumental data that are unique
because of the time span they encompass (about 500 years),
making them valuable information for validating models and
evaluating regional climate change.
2. Task Definition and Initial Results

Two major issues arise in the study of C0 -induced climate
change. These are the need for (1) climate models to predict
possible regional climate change, given a global C0 -forced
climate change, and (2) the prerequisite data to validate these
models (cf. DOE, 1985b,c). To address these two issues, the
US-PRC research program includes three major tasks: analysis
of GCMs, preparation and analysis of climate data, and study
of the relationship between large- and regional-scale climates
from both data and GCMs. A fourth task is also included in
the research program to address the possible increase in atmospheric CH , another potentially important greenhouse gas.
Figure 1 shows the project organization and principal researchers of the four tasks.
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a. Task 1: Analyze General Circulation Models
The objective is to diagnose the abilities of climate models to
simulate current climate and to compare the climate change
simulations among different models. This task includes modelto-model and model-to-data comparisons that will provide the
information needed to assess the ability of general circulation
models to simulate large-scale climate. The first step is to
systematically determine how and why the models differ from
observed atmospheric conditions (model-to-data) and from each
other (model-to-model).
Several experiments are under way as part of the first step
in this modeling task. For example, a modified version of the
Oregon State University GCM is being employed to study aspects of climate feedback and response processes such as cloud
radiative forcing (Cess and Potter, 1988) and the radiative balance at the top of the atmosphere (Cess and Potter, 1986; Potter
et al. 1988). Good agreement between models and the observed
net radiation at the top of the atmosphere was demonstrated.
However, the separate solar and infrared radiative fluxes were
different among models. These initial results demonstrate the
importance of considering the individual radiation flux components for analysis.
At SUNY Stony Brook, visiting PRC scientists are participating in the Department of Energy, Carbon Dioxide Research
Division sponsored, GCM intercomparison, which is aimed at
understanding the differences among different GCMs to facilitate further improvement. The participants in this experiment
met in June 1987 at SUNY Stony Brook to discuss GCM
intercomparison. Representatives from NASA (GISS, Goddard

FIG. 1. Project organization and principal researchers.

Institute for Space Studies; GSFC, Goddard Space Flight
Center), NOAA (GFDL, Geophysical Fluid Dynamics Laboratory), NCAR (National Center for Atmospheric Research),
OSU (Oregon State University), SUNY Stony Brook (State
University of New York, Stony Brook), IAP/CAS (Institute of
Atmospheric Physics, Chinese Academy of Sciences), CCC
(Canadian Climate Center), the UKMO (United Kingdom Meteorological Office), and LLNL (Lawrence Livermore National
Laboratory) provisionally agreed on an initial intercomparison
experiment.
The experiment will start by having all participating GCMs
use the same sea-surface temperature data in order to reduce
the differences in the model simulations of current climate, the
control climate. Only the month of July will be used for the
comparison and the domain used for comparison will be restricted to 60°N to 60°S so as to lessen the effects of different
snow distributions and ice distributions as simulated in the models. These restrictions allow the models to be as nearly similar
as possible without modifying each model's clouds. The GCMs
will be run with uniform +2°C and -2°C changes in seasurface temperature. By comparing the experiments for each
model run (control, +2°C, and -2°C), the role of clouds and
their effect on model sensitivity in each GCM can be studied.
6

The objectives of doing this are to minimize model modification,
to save computer time, to reduce the effect of different control climates
on the model climate sensitivity and to provide a means of testing
climate sensitivity without the constraints of first calculating C0 forcing which can differ among models (Luther et al. 1988).
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By further comparing the way each GCM redistributes the
energy (the temperature change) to reach a new radiative balance within the model, the important process components can
be identified. The components (e.g., radiative fluxes) can also
be compared to data such as satellite observations of clouds.
The key feature of the IAP/CAS GCM for this intercomparison is the use of an implicit numerical scheme that conserves energy (Zeng and Zhang, 1982; Zeng et al., 1986). The
scheme is different from the ones other models used for climate
applications. It is not clear to what extent the different numerical schemes will affect the model climate simulations.
Therefore, the inclusion of the IAP model in the comparison
will provide a validation mechanism for model numerical
schemes.
For climate calculations, differences among models may also
result from different approaches to computing horizontal derivatives in the fundamental equations. There are two primary
approaches: (1) the grid point (finite difference) method and
(2) the spectral method (cf. Washington and Parkinson, 1986).
For global models, the spectral method uses spherical harmonics to represent horizontal fields and their derivatives. The
spectral method can use semi-implicit time marching in a
straightforward manner that allows the method to use fairly
large time steps while avoiding the numerical instability. It is
not known for climate modeling if the different methods yield
significant differences in simulated climate. Therefore, a spectral vs. grid point model intercomparison is underway to examine differences that may occur (R. Cess and W.-C. Wang,
1988, personal communication).
Additional intercomparison activities within the joint project
include using a simple two-dimensional seasonal climate model
to diagnose the important climate mechanisms such as the acceleration of atmosphere-ocean coupling in numerical simulations (Gutowski and Molnar, 1988) and the analysis of the
GCM simulated surface energy balance components in present
and C0 doubled climates (Gutowski et al., 1988). This will
reveal important information concerning the differences in surface temperature changes caused by increases of C0 between
the different models so that the physical mechanisms that are
the causes for the differences can be identified and studied.

used to supplement the data in China. Records of precipitation,
harvest, phenology, and catastrophic climate events are documented in these volumes. This resource has the potential of
enabling researchers to extend the data series at least to the
15th century and possibly to the 12th century. Figure 2 gives
an example of the Beijing climate data reconstructed from the
historical writings. The data include three time series: the annual precipitation for 1260-1980, the July monthly mean temperature for 1724-1986 and the fall harvest for 1736-1979.
The major effort of extracting the proxy climate information
is to quantify and document the procedure. Some of the data
are easily quantified, for example, a flood record that was
measured by markings on stone, or walls, the dates of the plum
tree flowering (i.e., unusually early or late flowering related
to weather conditions), and the information of harvest. But
other such as qualitative descriptions of flood-drought and coldwarm weather require calibrations and cross-checks among the
different time series. One of the unique opportunities of the
joint research is for the scientists from both countries to discuss
and exchange ideas on how to extract and quality control proxy
data.
Progress has been made studying climatic zone shifts and
boundaries of animals and plants in China during historical
times. Gong (personal communication, 1988) found that the

2

2

b. Task 2: Prepare, Validate, and Analyze
Regional-Climate Data
One object is to prepare, validate, and analyze regional climate
data for the US and PRC, including the historical proxy information as well as instrumental data. Twenty data sets, which
are of critical importance to PRC-US regional-climate analysis,
have been identified (See table 1). These data can be used to
define regional climate changes, to establish relationships between regional and large-scale climates, and to examine the
feedback processes during regional climate changes of selected
case studies, such as wet and dry periods, and desertification.
Instrument meteorological data have been collected for the
last 60 to 100 years in both countries. Additionally, the Chinese
historical writings contain a rich source of proxy climate information which may be used to extend the instrumental records. The proxy records exist in a 4000-volume collection of
Chinese historical writings which consist of memos to the Emperors, official histories, gazettes, literatures, and personal
diaries. In addition, a 200-volume collection of Chinese local
gazettes found recently in the US Library of Congress can be

FIG. 2. Beijing Climate reconstruction for (a) July mean temperature (b) annual precipitation and (c) fall harvest. The historical documents used were the Sun-Rain records of the Beijing Palace Museum
for July temperature, gazettes for precipitation and memos to emperors
for fall harvest.
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TABLE 1.

Important databases for PRC-USA regional analysis of climate change.
# of
Stations
(approx.)

Minimum
Period of
Record

Maximum
Period of
Record

Name

Variables

Data Type

Sampling
Method

1. USA-Historical
Climate
Series
2. USA-Cloud
data
3. USA-sunshine

T(F), pptn (inches)
Max-T
Min-T
Total sky
cover (1/8's)
Sunshine duration
(hours)
Vapor pressure
(mbars)
Station pressure
(mbars)
Snow on ground
(yes/no)
Wind speed
(m/sec)
T(C)
(min/max)
pptn (mm)
RH (%)

Averages,
Totals

Measured

1,200

1900-present

150 years

Conterminous
USA

Averages

Estimates

300

1940-present

50 years

Totals

Measured

20-100

1893-present

90 years

Conterminous
USA
USA

Averages

Measured

200-300

1940-present

45 years

USA

Averages

Measured

200-300

1900-present

80 years

USA

Totals

Observed

200-300

1940-present

80 years

USA

Averages

Measured

300

1931-present

50 years

USA

Averages

Measured

60

1936-present

1841-present

China

Totals
Averages

Measured
Measured

60
60

1936-present
1951-present

1841-present
1873-present

China
China

Totals

Measured

35

1940-present

1884-present

China

Averages

Measured

60

1950-present

Unknown

China

Areal
averages

Estimates

(Areal Index)

1873-present

1873-present

Lower & Middle
Yangtze Valley

Areal
averages
Areal
index
Areal
index
Totals

Estimates

(Areal Index)

1882-present

1882-present

Estimates

(Areal Index)

1750-present

1750-present

Estimates

(Areal Index)

1750-present

1750-present

Northeast
China
Lower & Middle
Yangtze Valley
North China

4. US A-water
vapor
5. USA-station
pressure
6. USA-snow
cover
7. USA-wind
8. PRC-temp
9. PRC-pptn
10. PRC-relative
humidity
11. PRC-sunshine
12. PRC-station
pressure
13. PRC-plum
rains

14. PRC-cold
diaster index
15. PRC-derived
temp index,
16. PRC-derived
temp index
17. PRC-snow
cover
18. PRC-surface
wind
2

19. PRC-temp
derived from
tree ring,
documents &
instruments
20. PRC-cloud
data

Sunshine duration
(hours)
Station pressure
(mbars)
Onset & ending
date (D/M/Y)
Duration (days)
Amt. of rainfall
(mm)
Days of heavy
rainfall (days)
Index
Index
Index

Snow on ground
(yes/no)
Wind speed (m/sec) Averages
Dominant wind
direction (degrees)
Derived temp (C)
Derived
point
estimates
Total sky cover
(1/10's)

Raw data

Spatial
Resolution

Measured

30

1951-present

1940-present

China

Measured

60

1951-present

1880-present

China

1780-present

1680-present

Tibet

1951-present

Unknown

China

Estimates

Estimates

geographic boundary of many thermophilic wild animals (animals that confine themselves to well defined temperature regimes) has changed greatly. For instance, as shown in figure
3, the wild elephant, now living only in the tropical zone, once
dwelled in the north subtropical area before the Sui (581 to
618 A.D.) and Tang (618 to 907 A.D.) dynasties. Some of this
southward movement can be attributed to human activity, which
destroyed part of the elephant habitat. However, it is estimated
that climate change has affected the extent of the southward
migration, accounting for about four to six degrees in latitude
(about 440 to 660 km) of the 17 degree (about 1890 km)
migration.

Areal (Tibet)

60

The US data sets are the recorded observations archived at
the National Climatic Data Center. Researchers there have assembled two of the five US databases that are important to this
joint project. One of these is the Historical Climatology Network (HCN) data that was assembled by Karl and Williams
(1987). The HCN data consists of the meteorological parameters for 1219 stations in the contiguous United States. The
HCN data base is a unique, accurate, and serially complete
modern historical climate record containing confidence factors
for estimates of adjusted and missing data.
The second data base, which was assembled by Young et
al. (1986), is the US sunshine data, including the duration and
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(TABLE 1

continued)

Temporal
Resolution

Current
Form

Source Who Did It Validated Certified

Monthly

Manuscript, NCDC Cooperatives
observers
Published

No

No

Monthly

Manuscript NCDC NWS

No

No

Monthly

Digitized

NCDC NWS

No

No

Monthly

NCDC NWS

No

No

NCDC NWS

No

No

NCDC NWS

No

No

NCDC NWS

No

No

Monthly

Manuscript,
Digitized
Manuscript,
Digitized
Manuscript
Digitized
Published,
Digitized
Manuscript

SMA

No

No

Monthly
Monthly

Manuscript SMA SMA
Manuscript SMA SMA

No
No

No
No

Monthly

Manuscript SMA SMA

No

No

Monthly

Manuscript SMA

SMA

No

No

Seasonal

Manuscript SMA SMA

No

No

Seasonal

Manuscript IAP

IAP

No

No

Winter

Manuscript IG

IG

No

No

Summer

Manuscript IG

IG

No

No

Daily

Manuscript SMA

SMA

No

No

Monthly

Manuscript SMA

SMA

No

No

IG

No

No

SMA

No

No

Monthly
Daily
Monthly

SMA

Winter & Manuscript IG
Summer
Monthly

Manuscript SMA

percentage of sunshine for 240 stations (including Puerto Rico
and Pacific islands) for the years 1891 to 1984. These data sets
are valuable for examining the availability of sunshine, identifying patterns of spatial and temporal variability, and understanding recent past climate conditions. The data can also be
used indirectly to estimate average cloudiness and solar radiation.
The three remaining US data bases are being developed.
These data sets are the cloud data set for 200 stations, the water
vapor pressure data set for 200 stations, and the daily temperature and precipitation data set for 60 stations from 1900 to the
present. These climate parameters will enable the researchers

to study the climate variations and their internal consistency in
this century.
c. Task 3: Analyzing Relationships Between Large-Scale and
Regional-Scale Climates
The information obtained from the GCM intercomparison and
the regional-climate data will be used to define temporal and
spatial characteristics of climate regions as well as to validate
climate models . The research will address several questions
such as: (1) How does the geographic definition of the climate
region change with the density of stations? (2) Do the climate
regions maintain their geographic definition over time and change
only in climate characteristics, and do the models capture these
changes? (3) Do the statistical relationships between large- and
regional-scale climates change over time? How do the model
simulations compare with the data? (4) How do the model
simulations of regional weather regimes compare with the data?
Observations and proxy data of temperature and precipitation
for the last few decades and centuries have been analyzed using
the statistical techniques of principal component analysis, cluster analysis, and factor analysis to define the changes in regional
climates and to explore the possible relationship between these
changes (Ronberg and Wang, 1987). Ronberg and Wang (1987)
found that similar climate patterns were obtained using both
techniques and that the measurement data also reveals largescale climate patterns similar to those derived from the proxy
data. The climate patterns were shown to be consistent withgeophysical factors (see table 2 and figure 4).
Further analyses of climate statistics during cold and warm
periods suggest that during the Little Ice Age, the year-to-year
variability in China is less than during the last 100 years and
that the large-scale circulation had more of a meridional orientation during the colder periods in both countries. The analysis also provides information on the yearly rainfall patterns.
The results suggest that the recent hundred years in China were
wetter than normal, and that the Little Ice Age was drier (see
Ronberg and Wang, 1986).
In research examining the use of data to validate models,
progress has been made in testing GCMs with the dominant
pattern of interannual climatic variation known as the Southern
Oscillation. As an initial experiment, Sperber et al. (1987) used
the 23-year time series from the OSU GCM to compare with
the record of the Southern Oscillation index. The analysis of
the OSU GCM experiments indicate that the characteristics of
the observed Southern Oscillation do exist in the model simulation (see figure 5). This example clearly suggests the usefulness of the physically based climate models for helping to
understand the mechanism and its implications for global climate.
Desertification is a serious problem at mid-latitudes around
the globe and is of particular concern to China. Li and Wang
(personal communication, 1988) have analyzed both the instrumental and proxy precipitation data in the arid and semiarid regions of Northern China. The results suggest that there
is a periodicity of between 2 and 3 years that correlates very
well with the El Nino-Southern Oscillation. In addition, the
measurement data of temperature and precipitation during the
last three decades show a warming and drying trend in Northern
China. The US and PRC scientists will carry out a joint study
of climate characteristics over arid and semi-arid regions in
both continents.
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FIG. 3. The shift of north boundary of the wild elephant during historical period in China. I: 5000-11th Century B.C., II: 11th—8th Century
B.C., ILL: 8th-3rd Century B.C., IV: 3rd Century B.C.-lOth Century A.D., V: lOth-llth Century A.D., VI: 12th Century A.D., VII: the end
of the 12th Century A.D.-the end of 14 Century A.D., V I I I : the end of 14th Century-the middle of 19th Century A.D., I X : the middle of 19th
Century A.D.-present.

Work on the comparative study of the climate characteristics
between the climate data and GCMs' simulations is also actively
underway. Particular emphasis has been put on studying the
weather regimes from climate data and on determining whether
these regimes are reproduced in the GCMs.
d. Task 4: Methane Measurements
Atmospheric CH has increased about 1 percent per year over
the last ten years (Rasmussen and Khalil, 1986). To assess the
contribution of CH to climatic change, an understanding of its
source and sinks is required. The objective of this task is to
implement a data-gathering network and to develop a data base
of measurements for the PRC. This will be combined with the
efforts already in progress to develop a global CH data set.
Two significant sources of atmospheric CH are rice fields
and biogas generators. Because the PRC grows about 35 percent
of the world's rice (with a variety of cropping practices) and
Chinese families use CH generators as energy sources, the
PRC is in a unique position to conduct research on these two
CH sources.
The Institute of Atmospheric Physics and the Oregon Graduate Center, in a joint research project, have been measuring
CH over rice paddies and around biogas generators in China.
Preliminary results show that the CH flux from rice paddies
varies from place to place and from time to time. Larger fluxes
occur during the seedling stage and shortly before harvest. In
4

4

4

4

4

4

4

4

the seedling stage, transport of CH from seedlings through the
water to the atmosphere occurs via air bubbles. These air bubbles are commonly seen in the rice seedling beds, and the fluxes
measured at these locations are much higher than at locations
where air bubbles were not observed (M.-X. Wang, personal
communication, 1988).
4

TABLE

2. Flow patterns responsible for individual climate patterns
(After Ronberg and Wang, 1987).

Factor

Flow Pattern(s)

* 1. South-west
2. South-west vs. north-west with Indian monsoon and south-east
coastal
3. South-west
* 4. North-west with south-east coastal vs. Indian monsoon plus
south-west Indian monsoon vs. south-west
5. Indian monsoon vs. south-west
6. North-west and Indian monsoon vs. south-west
7. South-east coastal plus north-west vs. Indian monsoon plus
south-west
8. South-east coastal vs. south-west
9. North-west plus south-east coastal
10. South-east coastal
* 11. Indian monsoon vs. south-west
12. Indian monsoon vs. south-west
13. West vs. north-west plus Indian monsoon
* Patterns shown in FIG. 4.
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FIG. 4. Interregional relations for (a) factor pattern 1, (b) factor pattern 4, (c) factor pattern 10 and (d) factor pattern 11. Hatching (shading)
designates significant positive - (negative-) valued areas: full (open) arrows suggest flow patterns causing positive-(negative-) valued areas. (After
Ronberg and Wang, 1 9 8 7 ) .

FIG. 5. (a) Correlations of annual average sea-level pressure with that at 130°E, 2°S from a 23-year simulation of the OSU coupled atmosphereupper ocean GCM. Only those correlations significant at >95% confidence limit are shown. The contour spacing is 0.2. The spatially coherent
anticorrelation between the Indonesia-Australia region and the eastern Pacific Ocean is a manifestation of the Southern Oscillation that is also
found in the observed pressure field, (b) Observed sea-level pressure isocorrelations with Darwin, Australia. (After Sperber et al. 1987).

Preliminary measurements of CH flux from leaking biogas
generators show wide variation because of the different sealing
practice of individual pits. However, it does not appear that
the generators are a significant global source.
4

3. Concluding Remarks

The results from the four tasks only highlight the research that
has begun in this collaborative project. Now that the agreement
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has been signed, the efforts of scientists in both countries have
been accelerated and results of this research will continue to
be presented in the open literature.
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