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ABSTRACT
This report summarizes the progress since 1991 of two agreements on "global and regional climate change" studies
between the U.S. Department of Energy (DOE) and two state agencies of the People's Republic of China. The first agreement is the DOE-Chinese Academy of Science joint project on the "Study of the Greenhouse Effect" and the second
agreement is the DOE-China Meteorological Administration joint project on the "Study of Regional Climate." While
development of general circulation climate models and analysis of climate data over China continues, the joint research
produced several unique Chinese climate datasets, including the reconstruction of 2000 years of historical climate, quality
assured instrumental climate data, and an archive of methane emissions from rice fields in southern China.

1 • Introduction
The general circulation model (GCM) has been
used extensively to study global climate change and
its regional distribution due to increasing atmospheric
greenhouse gas concentrations and sulfate aerosols
associated with human activities (IPCC 1995). One
important issue related to the continued development
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and application of GCMs for climate change studies
is the ability of the GCMs to simulate observed past
and present regional climate characteristics. For example, over eastern China, the strong monsoon system characterized by heavy precipitation in summer
and cold surges in winter (Ding 1994) provides an
excellent case for evaluating GCMs. An understanding of the causes of the models' inadequacy in simulating the climate characteristics is an important step
toward improving these models so that confidence in
using them for future prediction is increased.
For GCM validation, long-term regional climate
data is needed. It is particularly important to perform
quality control of the climate data so that the range of
uncertainties in the data can be quantified. The dense
network of meteorological observations in China provides the needed data for conducting the model-toobservation comparisons. In addition, China's climate
data is unique in at least two aspects. First, because
of China's long history, proxy climate records can be
extracted from a variety of historical documents, such
as gazettes. The proxy data, when combined with instrumental data, can provide climate information
about China for the past 2000 years (Zhang and
Crowley 1989; Zhang et al. 1998). Second, methane
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the study of the relationship
between large- and regionalscale climates, and measuring
and analyzing emissions of
greenhouse gases in China. The
DOE-China Meteorological
Administration (CMA) agreement was signed on 23 February
1995. This joint program has
three active tasks: regional climate modeling, climate data
preparation and analysis, and
studying the effect and impact of
climate change. A fourth task on
geophysical factors of regional
importance is currently inactive.
The organizational structure for
the two agreements is shown in
Table 1 with the principal U.S.
and Chinese scientists listed.
Significant progress is being
made, and scientific findings
were discussed in two science
team meetings held in Beijing:
on 7-9 June 1999 for the DOECM A agreement, and on 1012 June 1999 for the DOE-CAS
agreement (Tao et al. 1999). The
results reported here summarize
progress highlights since 1991,
focusing on regional climate
modeling, proxy and instrumental data analyses, and methane
emissions from rice fields jointly
conducted by the U.S. and Chinese scientists.
(an important greenhouse gas) emissions from rice
fields in China have been identified as a significant
source of the global methane budget (Khalil et al.
1998a,b).
Two agreements have been signed between the
U.S. Department of Energy and two state agencies of
the People's Republic of China to jointly work on
global and regional climate. The DOE-Chinese,
Academy of Sciences (CAS) joint project on the
"Study of the Greenhouse Effect" was signed on
19 August 1987, after two years of scientist-to-scientist exchanges. Previous progress was reported in
Koomanoff et al. (1988) and Riches et al. (1992). The
joint program has four tasks: analysis of GCMs, preparation and analysis of proxy and instrumental data,
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2. Analysis of general circulation
models
The objective of this task is to analyze GCM simulations of present climate for further improvement. To
achieve this goal, two types of studies are conducted:
participating in the Atmospheric Model Intercomparison Project (AMIP; Gates et al. 1999) to identify the
differences among GCMs, and performing GCMobservation comparisons to examine the extent to
which GCMs can simulate observed climate characteristics. Both global and regional GCMs are used in
these analyses.
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a. Global models
The major topic is "General Circulation Model
Simulations of East Asia Climate (EAC)," which was
initiated in the fall of 1994 within AMIP. The objectives are to assess the ability of current GCMs to simulate the EAC and to study the mechanisms and
geophysical factors that cause the intraseasonal to
interannual variability. GCM-to-observation comparisons were conducted to examine the climatological
mean and variability of individual climate parameters
(e.g., sea level pressure, surface temperature, wind,
precipitation, outgoing longwave radiation, 500-hPa
height, snow/ice cover) and their mutual associations.
These findings are subsequently used to design sensitivity experiments to identify the mechanisms important to EAC.
Wang et al. (1998) compared the AMIP model
simulated precipitation with observations for three
regions in East China, the northeast, Yangtze River
Valley, and the southeast where distinct interannual
and interdecadal precipitation variations were observed (Liang et al. 1995). In southeast China, where
the observed summer rainfall amount is large
(-9.5 mm day_1)> most of the AMIP models (Phillips
1994) underestimate the precipitation. For the Yangtze
River Valley and northeast China, several models'
values agree statistically with observations, but a majority of the models overestimate the precipitation.
However, even for the models whose summer precipitation agrees well with observations, large differences
exist in monthly variation, especially changes in latitudinal distribution from May to June over the oceanic
regions. Further analyses of the causes for these characteristics are under way, focusing on air-sea
interactions.
Since its inception, four EAC workshops were
organized: 1) 18-20 October 1994 at the University
at Albany, State University of New York (SUNYA),
Albany, New York; 2) 16-18 November 1995 at the
National Central University, Chungli, Taiwan; 3) 2830 April 1997 at the Nanjing Institute of Meteorology,
Nanjing, China; and 4) 20-22 November 1998 at
Academia Sinica, Taipei, Taiwan. These meetings provide opportunities for a focused discussion on the
mechanisms important to regional climate over East
Asia and on their testing in GCMs. In addition to the
members from the two agreements, participants include modeling groups from Japan, Korea, and Taiwan. Publication of these findings is being planned for
a special issue of Climate Dynamics (W.L. Gates 1999,
personal communication).
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b. Regional models
The goal of this effort is to study the use of regional
GCMs for simulating East Asian climate, particularly
the summer monsoon. In the first phase, an intercomparison experiment has been performed where three
regional climate models were driven by the same lateral boundary conditions derived from the European Centre for Medium-Range Weather Forecasts (ECMWF)
operational analysis. The models used in the intercomparison experiments were developed at the Pacific
Northwest National Laboratory (PNNL), the National
Climate Center, and SUNYA, and are all derived from
various versions of the Pennsylvania State UniversityNational Center for Atmospheric Research (NCAR)
Mesoscale Model (MM5). Therefore the dynamical
components of the models are the same, although the
representations of physical processes (clouds, radiative
transfer, turbulence transport, and surface processes)
are different in the three models.
The models were used to simulate the 1991 summer monsoon over East Asia. During that summer,
heavy precipitation occurred over the Yangtze River
causing severe flooding. This extreme event was selected to highlight the differences among regional climate models. Leung et al. (1999) described the
intercomparison results and performed detailed analyses of model simulations at different spatial and temporal scales. Although each model reproduced the
observed rainband to varying degrees, significant differences were found in the simulated energy and hydrological cycles, especially over cloudy areas. Several
reasons are found to cause the departure of model
simulations. These include simulations of the amount
and vertical distribution of clouds, the treatment of
cloud-radiative feedback, and the representation of
land surface processes. The latter was found to be
important by Ding et al. (1998) in simulating precipitation distribution.
The intercomparison study of Leung et al. (1999)
further suggests that, in addition to surface temperature and precipitation, other aspects of regional climate
simulations need to be more carefully evaluated. One
especially important evaluation criterion is radiation
balance, which has serious implications for long-term
climate simulations. Since large differences are found
between the ECMWF and National Centers for Environmental Prediction (NCEP)-NCAR reanalyses for
the same flood event, one other focus of the current
effort is to repeat the intercomparison with each regional climate model driven by these two large-scale
conditions. In addition, Gong and Wang (2000) find
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that the simulations are also sensitive to the coupling
scheme (buffer zone width and nudging coefficients)
used to input the lateral boundary conditions as well
as the model's physical parameterizations. Further
studies of the robustness of these findings in other participating regional models are currently under way.

3. Climate data preparation and
analysis
The main objective is to prepare quality controlled
instrumental data and proxy records derived from historical documents in China. The datasets can then be
used for conducting GCM-to-observation comparisons as described in section 2 and to examine climate
variability on interannual to interdecadal timescales.

difficult to accurately estimate cloud amount at night,
especially if thin cirrus clouds are present, Kaiser
(1998) examined daytime observations separately
from nighttime observations. Daytime analysis used
observations made at 1400 Beijing local time (BT),
available from 1951 to 1994, whereas the nighttime
data were from 0200 BT (1954-94). Linear regression
analysis was used to characterize trends in the seasonal
and annual means of daytime and nighttime cloud
amount at individual stations and for eight regions
adopted in an analysis of precipitation trends over
China from these same stations (Zhai et al. 1997). The
results indicate evidence of significant decreases in
total cloud amount over much of China from the early
to mid-1950s through 1994. Midday and midnight observations showed a similar spatial pattern of decrease,
with midnight trends slightly stronger than midday
trends. Station and regional trends in annual-mean,
midday cloud cover are depicted in Fig. 1. Most stations in central, eastern, and northeastern China show
statistically significant decreases in sky cover (95%
confidence level) of l%-3% per decade.

a. Instrumental data
The National Climatic Data Center and the Carbon
Dioxide Information and Analysis Center have been
working with Chinese scientists to prepare and archive
the instrumental data from China. A quality assured
dataset of monthly meteorological observations from b. Proxy records
a total of 270 Chinese stations was produced (see Tao
The task of systematically using historical docuet al. 1991). Sixty-five station records provide obser- ments in China for climate reconstruction has been
vations of 14 variables, including maximum/minimum under way at the Institute of Geography. This effort
temperature, station pressure, precipitation, sunshine has resulted in the compilation of several proxy
duration, and total cloud cover. Another 205 stations records going back from a few centuries to thousands
provide records of monthly mean temperature and pre- of years (Zhang et al. 1998). Proxy data, which are a
cipitation amounts. Most of the records begin in the relative measure of climate state, were compiled from
early 1950s, but 16 begin before
1900. Updating these station
records, originally compiled by
CAS, is currently done under the
DOE-CMA agreement. These
datasets were used widely for
examining trends and spatial
patterns for climate change (e.g.,
Easterling et al. 1997).
In addition, high-resolution
climate data were also compiled
and analyzed. For example, Kaiser (1998) analyzed seasonal and
annual changes in total cloud
amount over China for the period 1951-94, using a dataset of
6-hourly weather observations
from 196 stations compiled by
FIG. 1. Trends in annual-mean, midday cloud amount over China for 1951-94 (percent
the CMA. Since it has long been sky cover per decade). Station trend indicators with circles around them are significant at
recognized that it is much more the 95% confidence level, as are regional trend values in bold italics (after Kaiser 1998).
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a variety of sources. For China, the proxy temperature
and precipitation were extracted from historical writings including gazettes, official histories, literature and
personal diaries, and the memos to the emperors
(Zhang and Crowley 1989).
In collaboration with the Institute of Geography,
U.S. scientists have been working on historical climate
reconstruction in China. One critical issue is the procedure and methodology used, including the original
document sources, definition and interpretation, digitization, and validation so that the data quality and its
limitations can be assessed. The procedure generally
consists of six steps: 1) indexing system (containing
the original information of the position of the reporter,
the time and place of the report, the time, place, and
special characteristics and influences of the climate
events such as flood/drought), 2) level of reliability
check (the reporter's credibility), 3) data ranking,
4) data calibration, 5) individual time series, and 6)
combined time series. The compiled datasets at dif-

ferent levels are shown in Table 2. The detailed methodology used to extract the proxy indices of precipitation, harvest, climate disaster, and phenology from
Chinese historical writings is currently being prepared.
Note that more climate parameters are available for the
last 500 years. Note also that the procedures are continuously updated when new documents are used as
well as when cross calibration among different proxy
indices of several sources are conducted.
These preliminary datasets have been analyzed to
examine climate change on the interannual and decadal
timescales. For example, the 1471-1950 flood/drought
index was used in the empirical orthogonal function
analysis and factor analysis to identify the spatial patterns and their frequency of occurrence, and in spectral analysis for studying temporal characteristics. In
general, there were four major patterns of precipitation orientation: 1) south-north, 2) south—centralnorth, 3) southwest-others, and 4) west-east; with
patterns 1 and 2 accounting for about 60% of the total

TABLE 2. Different levels of proxy data derived from historical documents in China compiled by the Institute of Geography, Chinese Academy of Sciences (cf. Zhang et al. 1998). Level 1 is for documents with entries of climate information; level 2 for subjective
interpretation of level 1 with time and location noted; and level 3 for digitized proxy data.
Period

Region

Variable

Level 1

Level 2

Level 3

137 B.C.—A.D. 1470

63

Flood;
Drought;
Good Yields

32 251 volumes
of books

29 567

13 569

1471-1911

86

Famine;
Good Yields;
Flood;
Drought;
Frost;
Snow;
Hail;
Ice

109 143 volumes
of gazettes

283 000

30 267

Famine;
Good Yield;
Flood;
Drought;
Frost;
Snow;
Hail;
Ice

20 different
archives

10 135

7 different
newspapers

2000

Summer and
winter harvest

213 000 records
of Memos-tothe-Emperors

1911-1950

1730-1950

86

87
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Personal diaries

650

489 000

12 135

10 860
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occurrence. These characteristics are also found in the
instrumental data and GCM simulations (Liang et al.
1995).
Another example of the proxy data is the Yu-XueFen-Cun, which provides quantitative information
about soil moisture depth and other climate variables.
The proxy data were recorded from the time of the
Qianlong emperor to the end of the Qing dynasty
(1736-1911) at 157 stations covering eastern China.
A number of variables useful for monitoring water
availability for agriculture were recorded regularly.
These included the number of rain days, number of
snow days, starting and ending days of snowfall, intensity of rain- and snowfall, snow depth, and the
measured infiltration depth of moisture in the soil. One
notable characteristic is the almost linear relation between soil moisture depth and number of rain days in
summer.

4. Atmospheric trace constituent
measurements
The current focus of the measurements in China
is methane emissions over rice fields. Methane is not
only an important greenhouse gas, but also plays an
important role in atmospheric chemistry. Its concentration is nearly three times greater now than it was
several hundred years ago. The recent increases are
related to agricultural practices (rice fields and cattle)
and energy uses (mining and natural gas). Rice agriculture, which covers some 147 million hectares globally (about 10% of the world's arable land), is a major
source of methane in the atmosphere. This and the
other anthropogenic sources have been rising with
increasing population over much of the last century,
bringing with it an increase in emissions. This task is
aimed at collecting primary observational data for estimating regional and global emissions of methane
from rice fields and delineating the processes that lead
to emissions, or those that can reduce emissions.
Extensive measurements were based in TuZu
(29.5°N), near Leshan in Sichuan Province, China.
Current experiments are being carried out at Jin Sa,
near Chengdu, not far from TuZu. Each site, although
in a similar climatic zone, has a different soil type and
water management strategy. Field experiments were
also conducted (although less extensively) at different climatic zones, including Beijing (40.5°N),
Guangzhou (23°N), and Sukamandi, near Jakarta in
Indonesia (6.3°S). Methane emissions from TuZu are
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representative of rice fields on which organic fertilizers are used and that are more or less continuously
flooded during the growing season. At Beijing and Jin
Sa, irrigation is by intermittent flooding of the fields,
and very limited amounts of organic fertilizers are
applied.
The methane emissions at TuZu (Khalil et al.
1998a) are depicted in Fig. 2, which shows a climatological mean of about 31 mg m~2 h_1 with fairly large
spatial and interannual variability. One reason for the
large variability is that the plot size where the measurements were taken was small and thus the heterogeneous nature of the fields led to a difference of
emissions from one location compared to another. The
results of these and similar experiments have established a number of factors that influence methane
emissions from rice fields (Khalil et al. 1998b).
Perhaps the most important factor is water management. If there are several periods during the growing
season when standing water is not present in the fields,
the seasonal emissions are significantly reduced. As
shown in Khalil et al. (1998b), the application of organic fertilizers tends to yield more methane emissions
than other types of fertilizers. Clearly, the climate conditions are important with methane emissions increasing with higher soil temperature. However, this effect
can be enhanced or suppressed by feedback, making
it more important for some experiments and less so for
others. The fraction of methane that is oxidized
(through chemical reactions) before being released into
the atmosphere may vary in different locations, leading to sizable differences in observed fluxes, even
under otherwise similar conditions. Analyses of measurements at TuZu suggest that the fraction oxidized

FIG. 2. Methane emissions from rice fields at TuZu 1988-94:
seasonally averaged emissions from each plot sampled (after
Khalil et al. 1998a).
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may be less than at other locations, thus contributing to occur when the SST anomaly is > 0.5°C, strong EN
to larger observed emissions. Other factors, such as (SEN) when the anomaly is SST l> 0.5°C, El Viejo
rice cultivars, are also found to affect emissions, al- (EV and sometimes termed La Nina) when the
though these effects are relatively small.
anomaly is SST < - 0.5°C, and neutral, when SST is
These data provide for an improved estimate of within ±0.5°C of the long-term mean. The monthly
methane emissions from China. We can also evaluate anomalies of maximum and minimum temperature
uncertainties in the estimates quantitatively based on and precipitation that typify EN, SEN, and EV were
the factors that affect emissions. This will indicate the applied to the neutral baseline climate. Adjusted
experiments needed to refine the estimates if further monthly means were used as "seeds" in a stochastic
accuracy is desired. The findings also offer methods weather generator to provide daily weather input to the
for reducing emissions from rice
fields in China and elsewhere by
unobtrusive measures, such as
TABLE 3. HUMUS estimates of annual water yield (runoff + lateral flow to streams) by
water management and fertilizer major water resource region and ENSO conditions. Terms EN, SEN, and EV refer to El Nino,
choices, which are already a part strong El Nino, and La Nina, respectively, (after Wang et al. 1999).
of prevailing agricultural pracNeutral yield
Percentage deviation from neutral
tices. In addition, these experiments offer a better evaluation
Basin
(mm)
EN
SEN
EV
of future emissions from rice
fields, which is important for
462
New England
-10
31
10
making policy decisions regard-14
389
25
17
Mid-Atlantic
ing global emissions of greenhouse gases.
South Atlantic Gulf

479

5. Effect and impact of
climate change

Great Lakes

267

-16

5

20

Ohio

442

-21

2

25

It is also critical to examine
the effect and impact on regional
climate caused by change in
large-scale climate. The initial
focus is on the changes in some
of the regional climate parameters during observed large-scale
climate changes such as El Nino
(EN) events. The analysis can
lead to an understanding of the
link between regional- and largescale climate changes.
Wang et al. (1999) used the
Hydrologic Unit Model for the
United States (HUMUS) to study
ENSO effects on natural stream
flow in the United States. Historic
ENSO events were classified in
four categories based on sea surface temperatures in the east-central tropical Pacific for the ENSO
year (1 0ctober-30 September).
In the analysis, EN is considered

Tennessee

598

-13

20

26

Upper Mississippi

275

-24

40

19

Lower Mississippi

537

2

77

4

Souris-Red-Rainy

106

2

6

5

Missouri

88

-17

50

3

Arkansas

167

-8

56

11

Texas Gulf

133

18

69

-8

Rio Grande

6

17

50

-33

Upper Colorado

39

-38

97

15

Lower Colorado

15

-7

380

-47

Great Basin

29

-52

83

24

Pacific Northwest

308

-24

-24

46

California

248

-41

73

23
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HUMUS model. Natural flows were modeled in each
of 2101 hydrologic basins covering the conterminous
United States (average size 10 000—12 000 km2) and
results scaled up to the 18 major water resource regions
of the country.
As shown in Table 3, the analysis suggests that EN
decreases annual water yields (runoff and lateral flow
to streams) in 13 of the 18 major water resource regions. The decreases (in percent) are most severe in
the Great Basin and upper Colorado regions in which
water yields are naturally low to begin with. Increases
are greatest in the Rio Grande and the Texas Gulf regions. On the other hand, SEN increase water yields
in all of the 18 regions except the Pacific Northwest.
The California, south Atlantic and Gulf Coast regions
experience 50% to 75% increases in water yield under SEN. Water yields in EV years are higher than in
neutral years in all but four of the major water resource
regions: the south Atlantic, Texas Gulf, Rio Grande,
and lower Colorado. Where increases occur they are
generally more moderate than under SEN. The SEN
of 1997-98 provides an excellent opportunity to check
the utility of these projections. The HUMUS model
will be rerun with weather data for the ENSO year that
began on 1 October 1997. Water yields will be compared for the entire country with the projections described above, and with actual flows in a select number
of subbasins in which natural flows still prevail. In collaboration with scientists at PNNL, the Chinese scientists at CMA are currently conducting similar
analyses on data from China.

6. Conclusions
The cooperation among the Chinese and U.S. scientists has led to continued success with the Chinese
Academy of Sciences for over 15 years and laid a solid
foundation for the recent agreement with the China
Meteorological Administration. Overall, there are
more than 150 publications documenting the results
of the joint research. It is particularly beneficial to have
close interaction among scientists to exchange ideas
and to work jointly on both the development and application of global and regional climate models, and
analysis of climate data.
The joint research has resulted in three unique
datasets: 1) the construction of 2000 years of Chinese
historical climate records that can be used to validate
the climate variability of GCMs, 2) long-term measurements of methane emissions from rice paddies in
498

southwestern China to understand the global methane
budget, and 3) a quality assured, high-resolution Chinese instrumental climate dataset that can be used to
develop and validate regional climate models. In continuing the agreements, scientists of both countries
expect to be delivering data, improving climate models, and conducting analyses that will improve understanding of regional climate changes and provide input
to climate change policy discussions.
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scientists is supported by the Office of Biological and Environmental Research, Office of Science, U.S. Department of Energy.

References
Ding, Y.-H., 1994: Monsoons over China, Kluwer Academic,
419 pp.
, J. Zhang, and Z.-C. Zhao, 1998: Part II: Land-surface model
and its coupled simulation experiment with regional climate
model. Acta Meteor. Sin., 56, 385^00.
Easterling, D., and Coauthors, 1997: Maximum and minimum
temperature trends for the globe. Science, 277, 364-367.
Gates, W. L., and Coauthors, 1999: An overview of the results of
the Atmospheric Model Intercomparison Project (AMIP I).
Bull. Amer. Meteor. Soc., 80, 29-55.
Gong, W., and W.-C., Wang, 1999: A regional model simulation
of 1991 severe precipitation event over Yangtze-Huai River
valley. Part II: Model bias. J. Climate, 13, 93-108.
IPCC, 1995: Climate Change 1995: The Science of Climate
Change. Cambridge University Press, 572 pp.
Kaiser, D. P., 1998: Analysis of total cloud amount over China,
1951-1994. Geophys. Res. Lett., 25, 3599-3602.
Khalil, M. A. K., R. A. Rasmussen, M. J. Shearer, R. W. Dalluge,
L. X. Ren, and C. L. Duan, 1998a: Measurements of methane
emissions from rice fields in China. J. Geophys. Res., 103,
25 181-25 210.
,
,
,
,
,
, 1998b: Factors affecting
methane emissions from rice fields. J. Geophys. Res., 103,
25 219-25 231.
Koomanoff, F., T. Ye, M. R. Riches, C. Zhao, W.-C. Wang, and
S. Tao, 1988: The United States' Department of Energy and
the People's Republic of China's Chinese Academy of Sciences joint research on greenhouse effect. Bull. Amer. Meteor.
Soc., 69, 1301-1308.
Leung, L. R., S. J. Ghan, Z.-C. Zhao, Y. Luo, W,-C, Wang, and
H,-L. Wei, 1999: Intercomparison of regional climate simulations of the 1991 summer monsoon in East Asia. J. Geophys.
Res., 104, 6425-6454.
Liang, X.-Z., A. N. Samel, and W.-C. Wang, 1995: Observed and
GCM simulated decadal variability of monsoon rainfall in east
China. Climate Dyn., 11, 103-114.
Phillips, T., 1994: A summary documentation of the AMIP models.
UCRL-ID-116384, 343 pp. [Available from Office of Scientific
and Technical Information, P. O. Box 62, Oak Ridge, TN 37831.]
Riches, M. R., J. Zhao, W.-C. Wang, and S. Tao, 1992: The U.S.
Department of Energy and the People's Republic of China's
Vol. 8 7, No. 3, March 2000
Unauthenticated | Downloaded 01/09/23 07:37 AM UTC

Academy of Sciences joint research on the greenhouse effect:
1985-1990 research progress. Bull. Amer. Meteor. Soc., 73,
585-594.
Tao, S., C. Fu, Z. Zeng, and Q.-Y. Zhang, 1991: Two long-term
instrumental climate data bases of the People's Republic of
China. Environmental Sciences Division Publ. 3747, ORNL/
CDIAC-47, NDP-039, Department of Energy, 83 pp.
[Available from National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Rd., Springfield,
VA 22161.]
, M. R, Riches, P. Chen, and W,-C. Wang, Eds., 1999:
Greenhouse Effect and Climate Change. China Ocean Press,
171 pp.
Wang, D., N. J. Rosenberg, R. A. Brown, R. C. Izaurralde, and
R. Srinivasan, 1999: Sensitivity of U.S. water resources to
ENSO-persistent scenarios. Potential Consequences of Climate Variability and Change to Water Resources in the
United States. American Water Resources Association,
115-118.
Wang, W.-C., and Coauthors, 1998: GCM simulations of the east
Asia climate. Proceedings of the Third East Asia-West Pacific
Meteorology and Climate Conference, C.-P. Chang, Ed.,
World Scientific Publication, 473-482.
Zhai, P., A. Sun, F. Ren, X. Liu, B. Gao, and Q. Zhang, 1999:
Changes of climate extremes in China. Climatic Change, 42,
203-218.
Zhang, J.-C., and T. Crowley, 1989: Historical climate records
in China and reconstruction of past climates. J. Climate, 2,
833-849.
Zhang, P,-Y., Q.-S Ge, and Z. Wang, 1998: Past climate in China
derived from ancient writings. Space Sciences in China,
W.-R. Ho, Ed., Gordon and Breach, 269-279.

r

"GLOSSARY OF
HYDROLOGY
Second Edition
quintessential publication in
thefieldof hydrology contains nearly
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and Spanish, with their definitions,
alphabetical indexes, and the Universal
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While the title of the publication remains
the same as that of the first edition published
in 1974, the content has been expanded to include
new and scientific developments, such as the
greater use of remote sensing. Although its
emphasis remains on surface water and
groundwater hydrology, this new edition
reflects the broader scope of WMO's and
UNESCO's programs in hydrology
^ a n d water resources.^

4
1992: softbound, 413 pp. $67, includes shipping and handling.
Please send prepaid orders to: WMO Publications Center,
American Meteorological Society, 45 Beacon Street, Boston,
MA 02108-3693. (Orders from U.S. and Canada only).
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Mid-Latitude

Weather Systems is the

first text to make extensive use of conventional weather charts and equations
to fully illustrate the behavior and evolution of weather patterns. With the use
of well-documented case studies,
Pennsylvania State
University Professor of
Meteorology Toby
Carlson has achieved a
unique presentation of
selected concepts,
which facilitate a clear
interpretation of this
active and challenging
area of study.
Presenting a fusion
between the mathematical and descriptive
fields of meteorology
and integrated coverage of synoptic and
dynamic approaches,

Mid-Latitude

Weather Systems provides students with
an invaluable course text and reference
source to gain an unclouded appreciation
of the underlying processes and behavior
of mid-latitude weather patterns.
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Mid-Latitude Weather Systems is available
for $42/list, S32/AMS members, or
$22/student members, by sending prepaid
orders to: Order Department, AMS, 45
Beacon Street, Boston, MA 02108-3693.
Please make checks payable to the American
Meteorological Society, or call 617-2272425 to order by phone (Mastercard, VISA,
and American Express accepted).
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