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Scientific background

China, as the most populated country in the world, is currerfigriencing rapid economic
development and modernization. Associated with this, industrial gndubiural activities
and rapid urbanization could impose a great threat to its lbowdlregional ecosystem and
climate. Thus, in recent years more and more research hasdéeeted to studying the
impacts of human activities in China and East Asia on local anonagilimate. Considering
the increasing demand of land resources from China’s fast e@mgoowth and continuous
population increase, Fu et al. (2002) emphasized the importaneeluafing land-use as an
essential component in our integrated study of the Asia-Australi@eona system.

Nevertheless, there are, as yet, very few published studiegriegplincertainty in
climate model simulations of land-use impacts and identifypotential causes of such
uncertainties. The lack of such studies is of particular canaerthe Australian-Asian
monsoon region due to the complexity of its weather and clipeteesses and some
important features cannot be adequately simulated by currentinahmaodels. In addition,
most of the recent model simulations of land-use in China tegidnal climate models,
which can potentially constrain non-local atmospheric respotwsdsnd-use. Considering
intense Australian-Asian monsoon interactions, it is alssipte that land-use in China may
produce some non-local responses in the Australasian region. Thers$egsiag uncertainty
in climate model simulations of land-use climate impactd exploring the potential non-
local climate response to land-use disturbance warrants moriedetaidies.

In addition to the study of land-use impacts on regional oiim#ie potential
responses and contributions of land-surface processes in thsidfucontinent to global
warming are also of particular concern in our projectibfuture climate change. Changes of
land-surface properties such as snow coverage, frozen soil idmdoggiure in greenhouse-
warmed climate can potentially change the role of land-saiifa modulating the Australian-
Asian monsoon variability and intensity. For instance, previous Iswsilaulated future
climate change displayed significant warming over land tham the ocean. Such changes
can alter the land-sea thermal contrast and affect the momsooesses. Potential increases
in rainfall and surface temperature over the East Asianramttican modify the soil water
and energy contents and affect the climate variability in e¢geon (e.g., Zhang, 2004). It is,
therefore, important to diagnose current climate model sitedlclimate change and the
responses of land-surface processes to such changes in taliZug\sian region in our
studies of future climate change.

Prompted by these considerations, the Australia-China climaamge bilateral
project between China Meteorological Administratig@MA/China) and Bureau of
Meteorology Research Centre (BMRC/Australia) has beenrdasitp address the following
scientific issues: simulating local and regional climatgacts of land-use in China and
assessing the extent of uncertainty in model-simulated impactslly due to land-surface
parameterization; exploring the role of land-surface prosdsasthe Eurasian and Australian
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continents on influencing climate variability in the Australfsian region; exploring the
relative role of land-use to other anthropogenic forcinglimate variability and climate
change in the region; and diagnosing potential climate change Ausliealian-Asian region

simulated by current state-of-art climate models and thegataof land-surface processes in
future climate.

Preliminary BMRC model experiments

During year 2004-05, a series of BMRC model experiments have lmeluated by the
scientists at BMRC and NCC/CMA and IAM/CMA. Two land-cowdatasets have been
applied to a climate version of BMRC atmospheric model. @peesents current vegetation
coverage in China including its land-use activities (hereafited land-use data), which is
derived from a remote sensing product as shown in Fig. 1la. Tiee ist derived from a
climate-biome model forced by observed climate conditions apptoximates its potential
vegetation coverage without human intervention (hereaftiedgaotential vegetation data) as
shown in Fig. 1b. The land-use and potential vegetation dataseaslaged from the ones
used in Gao et al. (2003). Figure 1 uses the BATS vegetationfickatssn. The according
changes in surface background albedo, surface roughness, ézafingex (LAI), and
vegetation fraction are then derived from the datasets apolsed in the BMRC model. As

seen in Fig. 1, the most significant changes are located isotiteern and northeast China
regions.
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Fig. 1: land-use datasets used for conducting BMRC model experiments: (a) left panel
is the current vegetation coverage; (b) right panel is the potential vegetation coverage.
Color schemes represents the vegetation classification: 1=crops, mixed farming;
2=short grass; 3=evergreen needleleaf trees; 4=deciduous needleleaf tree;
5=deciduous broadleaf trees; 6=evergreen broadleaf trees; 7=tall grass; 8=desert;
9=tundra; 10=irrigated crops; 11= semidesert; 12= ice caps and glaciers; 13=bogs and
marshes; 15=ocean; 16=evergreen shrubs; 17= deciduous shrubs; 18= mixed Forest

All the BAM integrations conducted in this study used a reésoluof T47 spectral
truncation (approximately 5oy 2.5 horizontal resolution) with 17 vertical levels. For
assessing the uncertainty in the model land-use simulatiansed by its land-surface
configuration, we have used different land-surface schemefienBAM experiments,
including a multi mode surface model named CHAmelon SurfacdeM@CHASM) and a
revised ECMWF land-surface scheme which is a second-gemelatd-surface scheme with
explicit consideration of canopy process in surface energy atdr vpartitions. In the
preliminary experiments, five pairs of 10 to 15-year experimasitsg CHASM modes are
conducted following the BMRC Climate of the™Century (C20C) set-up which applies
observed sea surface temperature (SST) and atmospherimo@¢&ntration for the period of
1950 to 1959. The pair of model integrations with the revised ECM@ffeme used the
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Atmospheric Model Intercomparison Project phase 2 (AMIP2) 8&&sets (1979 to 1997)
due to a technical reason. Currently, efforts are being naefil@sh all the experiments with

54-yr model integrations using observed SSTs and €centrations over the period of
1949-2002. The new results allow us establish robust statistgaifichnt tests of some

fundamental changes simulated in the preliminary six pair integrations.

Preliminary results

Results from the series of model simulations do confirat imposed land-use changes can
alter local and regional climate simulated by the moddie Tundamental processes
contributing to such impacts are the changes in surface alretisurface roughness. Such
processes are affected in only a secondary manner by edifféand-surface modelling
configurations. The most significant and consistent changasdim¢he reduction of surface
net radiation due to the increase in surface albedo (Fig. 2)handdrease of surface wind
speed in the southern region where large land-use disturbance exists.

Fig. 2: Changes of surface net radiation Fig. 3: Changes of precipitation in July
(Wm) in July from six pairs of BMRC (mm month™) from six pairs of BMRC
model experiments. model experiments.

It is apparent that large uncertainty exists in the modellate precipitation (Fig.3)
and temperature changeblevertheless,there are some consistent signals of regional
precipitation responses among the six sets of land-useimems including the reduction of
precipitation in part of the south/southeast regions in Januaryhe likely north/northwest
shift of rainfall pattern in July. The shift of rainfall patiein summer is, by and large,
consistent with an enhanced onshore surface wind and moisturdi@ayeam nearby warm
oceans. Spatially averaged results over an area of souilinina region are analysed to
guantify the model uncertainty seen from the six pairs of runerdllyit suggests that the
model-simulated climatic impacts of land-use in this rediane lower uncertainty in the
summer season than in winter, with consistent features includthgtion in precipitation,
increase in surface temperature and reduction in surfacedmion. Further analysis of the
correspondences between changes in surface temperature andatisMapior changes in
surface net radiation and precipitation suggests that diffecemplexity in simulating surface
hydrological process may have more influence than complexityrface energy balance in
determining the model-simulated land-use impacts on climate.
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Further experiments and analyses are being conducted to consdtidatesults
derived from the preliminary experiments. Potential impacts awfd-use on climate
variability, as well as its impacts on regional climate will beestigated.

Besides the BMRC model experiments, the project has commenceahahgsis
future climate change in the East Asian and Australasiamrregimulated by a suite of
current global climate models for the fourth IPCC climetiange scientific assessment. The
potential responses and contributions of land-surface prodesfigsre climate change will
be thoroughly investigated as part of the project future activities.

Discussion

This presentation has introduced the scientific background andafatsecurrent and future
activities of the Australia-China climate change bilatgnadject conducted by BMRC and
China Meteorological Administration. Preliminary resultsdnahown the potential scientific
values from this project for improving our understanding of tie aad land-use and land-
surface processes in the current climate system andtéstj@ impacts on our projection of
future climate.
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