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ABSTRACT

An atmosphere—vegetation interaction model (AVIM) has been coupled with a nine—layer General Cir-
culanion Model (GCM) of Institute of Atmospheic Physics / State Key Laboratory of Mumerical Modeling
for Atmospheric Sciences and Geophiysical Fluid Dynamics (IAP / LASG), which is thomboidaily truncated
at zonal wave number 15, to simulate global climatic mean states, AVIM is 2 model having inter—feedback
between land surface processes and eco—physiological processes on land, As the first step to couple Jand
with atmosphere completely, the physiological processes are fixed and only the physical part (generally
pamed the SVAT {soil-vegetation—atmosphere—transfer scheme) model) of AVIM is nested into
IAP - LASG L9R15 GCM. The ocean part of GCM is prescribed and rts monthly sea surface temperature
(S8ST) is the climatic mean value, With respect to the low resolution of GCM, ic., each grid cell having lon
gitude 7.5° and latitude 4.5°, the vegetation is given a high resclution of 1.5° by 1.5° 10 nest and couple the
fine grid cells of land with the coarse grid cells of atmosphere. The coupling mode! hus been mtegrated for 13
vears and its last ten—year mean of cutputs was chosen fot analysis,

Compared with observed data and NCEP reanalysis, the coupled model simulates the main characteris
tics of global atmospheric circulation and the fields of temperature and moisture, In particular, the simu-
lated precipitation and surface air temperature have sound results. The wark creates a solid base on coupling

¢limate models with the biosphere,
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simulation

1. Intreduction

Since the two important models, BATS (Dickinson et al. 1986) and SiB (Sellers et al,
1986). have been advanced in the 1980s, the simulation of land surface processes {LSP) has
improved continuously and many models have been built with various complexities, The SiB
model was simplified and developed to be SSiB model (Xue et al. 1991) which decreases the
calculated quantities greatly. A model, which focuses on water and heat exchange on land and
can be coupled with GCM, was presented by Sun and Lu {1990). Meanwhile. a simple land
surface process model for use in climate studies (Ji and Hu 1989) was also advanced and de-
veloped later into AVIM (Ji 1995} through incorporating detailed depictions of plant physio-
logical processes. These land models were coupled with atmospheric models (o some extent.
However, their achievements are at most couplings between physical processes on land and
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those in the atmosphere, The physiological and ecological processes of LSP are rurelv studied
for bidirectional interactions between biosphere and atmosphere due to their complexites,
Without biospheric feedback to atmosphere, there is only the onc—sided response of
biosphere to air, Consequently, an important and promising task for LSP research 1s to fulfil
the complete coupling between biosphere and atmosphere,

2. Simple introduction of models and coupling

AVIM is a land surface process model including both physical transports among
soil-vegetation—air and dynamic processes of physiology and ecology (Ji 1995), Unlike other
LSP models, its main feature is the dynamic computation of physiological and ecological pro-
cesses, thus providing a foundation base for the later full coupling of land with air. The model
has been tested in different regions with various vegetation types (Ji 1995: Ji and Hu 1999: Jj
and Yu 1999), revealing that AVIM has the capacity for simulating physical and biological
processes on local and continental scales over surfaces covered by different types of vegeta-
tion, In this paper, a snow cover model (Yan and Ji 1995) is incorporated to consider more
comprehensive information about the land surface. By analyzing the simulated climatic mean
status, it follows that nesting and coupling the fine—grid—cell LSP model with the
coarse—grid—cell GCM can improve the climate simulation,

IAP /7 LASG L9R15 GCM originates from the version of Simmonds (1985), with spheri-
cal coordinates in the horizontal direction and a—coordinate in the vertical. Since the end of
1991, a series of works have been done towards its reformation and development (Wu et al.
1996). A standard stratification of temperature was introduced into the dvnamical framework
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and the scheme of reduction of u standard atmosphere, an iden, proposed by Zeng (1963) und
Phillips (1973), was used Lo improve model performance. A new k—distribution radiation
scheme (Shi 1981; Wang 1996 wus implemented inte the model Lo treat cloud processes more
reusonihly. The model’s convection and condensition were parumeterized by wvsing the
dry—maist convective adjustment scheme (Manabe et al, 1965].

This paper is the first step toward the full coupling of biological processes with the ch-
mate model, The physiological part is ™ frozen” . i.e. the leal area index (LAD) and vegetution
cover fraction are prescribed to couple the physicul part of AVIM with GCM first, The coup-
ling is bidirectional and simultaneous. The observed global manthiy mean of sea surface Lem-
perature (S8T} from 1979 1o {988 is offered by the internalional Atmospheric Model
Inter—comparison Program (AMIP), The coupling model, with one— layer vegetation and
three—luyer soil, huas nine layers in the vertical atmosphere and 13 a speciral model
rhamboidally truncived ut zonal wive number 15 in the harizantal. The resolution of the at-
masphere and sea is 7.5 by 4.5" while the resolution of land is 1.57 by 15" The coupling

lime slep is 30 minules,
3. Nesting between air and land

The vertical diffusion parts in the prognostic equations of GCM are the main joints be-
rween wir and land, They depict the exchange of heal. momentum and watet vapor between
wtmosphere und lund, Their formulations are expressed as follows:

(F. FT Fl= i%‘-{r, Hic  Eb.

== pCy V|V, .
H= pic, =t} ry
Ey= Lply,.— g, 0 ry .

d=p/p)t T

Subscript * V" denotes the verticul direction. thus F,. Fy. Fy are vertical momentum,
heut and water vapor fluxes respectively. ¥, 0, g, are air wind speed, potential temperature
and specific humidity af the botiom luyer of GCM. 8., ¢,..r, areuir polential temperature,
specific humidity and aerodynamical resistance in the air of canopy, respectively, which are
calculited by AVIM. p ¢, . O are air density, specific heat at conslantl pressure and drag
coefficient, and 1, H. £, are transfers of momentum, heat and water vapor fluxes between air
und land, P . is the depth of the lowest layer of atimosphere, R is the gas censtant,

4. Simulated output analysis
The coupling model is not steady until it is integrated for 5 years, The last ten—year mean

of 15 years of integrated output is to be anmalyzed, Vegetation type data and soil classification
datu are tnken from Li {(1999). Initial vegetation data are also provided by Li (1999). Global
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soil color grade data are derived from program of BATS {Wikon and Henderson—Sellets
1985) and are interpolated onto the 1.5" by 1.5° grid. The whole global land surface is divided
into 12 kinds of vegetation and ! kind of perpetual ice cover,

4.1 Surface air temperature analy siy

The coupling mode] simulates the global surface air temperature comparatively well,
Seen in Fig. 2, the observed air temperature in January has a —45°C center in Siberia, but the
AVIM coupled simulation, with —=50°C, is 5°C less than the observed data, probably duc to
the influence of high snow albedo. The 0°C isotherm can extend southward to 30°N in Aswa in
January, corresponding to the observed data. The fact that isotherms located south of 30°N
are denser than those of middle and high latitudinal areas, and isotherms along the Fast
Asian coast are also, reveals the intense winter air temperature difference between sea and
land. A simulated —45°C center, whose intensity in AVIM is 3°C less than the observed, lies in
Greenland. Simulated air temperatures in South America and Africa have some sporadic
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Fig. 2. Monthly mean surface air lemperature w January, umts: “C. (a) Model outpul of
AVIM+GCM. (b} obseved data from Schlesinger and Gates (1980},
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Fig. 3. Monthly mean surface ar temperature in July, units  °C. la) Model output of

AVIM+GOM. (b) observed data from Schlesinger and Gates (1980}

30°C centers which are 5°C more than the observed data in AVIM. Simulated January air
temperature in north of Australia, with its maximal value of 35°C, is 5°C higher than the ob-
served data. The isotherms of the Southern Hemisphere are relatively even and straight, be
cause most areas of that hemisphere are ocean.

Figure 3 shows the simulated and observed monthly mean of July surface air
emperature. It follows from the figure that an isotherm of 25°C extends to the south of Asia
and a 15°C center is located in the Tibetan Plateau. The air temperature of the Asian contin-
ent in July increases intensely and the comparisan of the air temperature difference between
land and sea is not obvious so that isotherms along East Asian coast are much sparser than
those in January, There is a false center of 30°C occupying the estuary of southeast China,
The air temperature in high latitudinal areas of Northern Hemisphere in AVIM is close to the
observed data. The AVIM coupled model has high temperature areas in America and
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Fig. 4. Monthly mean precipuation in January, ums: mm d ' (a) Model omput of
AVIM+GCM, (b) model data from Schlesinger and Gates (1980),

northern Africa, and they are also similar to the observed data, The air temperatures of
Sahara in July and of Australia in January are higher than the observed, probably demon
strating that the land surface parameters of deserts and arid areas in summer need to be im-
proved,

4.2 Precipitation analysis

Figure 4 presents the simulated and observed January precipitation. It can be seen from
the figure that winter precipitation of Asia is scanty, and the precipitation along the East
Asian coast approximates reasonably to the observed dafa. Strong precipitation centers are
located at sea, and the heaviest center is located in the west Pacific Ocean " warm pool”, which
reach 10 mm d™'. However, its range is larger than observed, There are similar areas of 2 mm
d'in Australia, but precipitation in the north of Australia is 2 mm d™' less than the
observed, The heavy precipitation, with maximum of 8 mm d', of tropical rainforest 1n
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Fig. 5. Monthly mean precipitation in July, units: mm d™' (a) Madel output of AVIM+GCM. (b)
observed data from Schlesinger and Gates (1980),

Africa is simulated relatively well, but it is 2 mm d™' more than observed data. The position
and range of the precipitation areas of AVIM in Africa are close to the observed data, A
small precipitation center stands at the west coast of North America and its simulated intensi-
1y is also close to observed data in AVIM, with its simulated range vaster than the observed.
The monthly mean precipitation in July is presented in Fig. 5. Precipitation in Asian
monsoon regions is remarkably heavier than that of January, There isa 10 mm d ™" precipita-
tion center in the area of Bengal, and the AVIM simulation, with its intensity exceeding 10
mm d™%, is heavier than the observed, Both the observed and the simulated precipitation belts
in Southeast Asia show a decreasing trend from southwest to northeast, It is true that the pre-
cipitation of middle and high latitudes in Asia is refatively little in July. But unlike the ob-
served data, some small areas of 2 mm d™' are simulated in the region. Compared with the
observed data, precipitation is identically below 2mmd”" in the Australian winter. Simulated
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Fig 6. Annual mean precipitation, units: mm d™', (2) Model outup of AVIMHGCM, (b) observed
data from Xie and Arkin (1997).

precipitation in the center of the African tropical rainforest is less than observed data, whose
maximum is 11 mm d”', and the simulated range is smaller than the observed. American pre-
cipitation, mainly located in Latin America and the tropical rainforests of South America, 13
similar to the observed, with a maximum of 11 mm d™",

The annual mean of precipitation is presented in Fig. 6 and the simulated data corre-
spond relatively well to the observed. The heaviest precipitation center is located in the West-
ern Pacific with an intensity of 10 mm d™', The precipitation belt in Southeast Asia shows a
decreasing tendency from southwest to northeast, Precipitation in high latitudinal areas is be-
low 1.5 mm d™', The fact that the precipitation of nottheast Australia is morc than that of the
southwest reveals that the northeast is wetter than the southwest, The simulated center of 4
mm d ™' in Africa is more eastward than the observed, The intensity of the precipitation center
along the North American west coast is less than the observed data, but its covered range is
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Fig, 7. Monthly mean sea level pressure m January, uais: hPa. (a} Model outpuc of
AVIM+GCM, (b) observed data from Schlesinger and Gates (1980),

simulated well. The tropical rainforests in South America are so wet that their precipitation
can reach 6 mm d™'; however the simulated maximum is 10 mm d™'. The simulated precipitu-
tion intensities in the North Atlantic and Pacific are close to the observed,

4.3 Seu level pressure analvsis

The monthly means of sea level pressure in January and July are presented in Fig. 7 and
Fig. 8. It can be seen from the Fig. 7 that several global atmospheric active centers are simu-
lated comparatively well. In January, the strong Siberian cold high which 15 as high as 1030
hPa occupies the Asian continent, but an unreal low pressure center emerges in the south of
the Tibetan Plateau due to the mis—calibration of topography. The simulated intensity of a
low pressure center in the south part of Africa is 1005 hPa, which is 5 hPa less than the ob-
served. Australia is encompassed by an isoline of 1010 hPa both in the simulated and ob-
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served data. The simulated range of the North American cold high, with a 1020 hPy maxi
mum, is more southward than observed. Yet similarly to the observed. most paris of South
America are covered by a 1010 hPa isoline, The Aleutian low, with a 1000 hPa minimum, ex-
tends more eastward 1o the coast of Alaska than observed data. The simulated range of a
low—pressure center near Iceland corresponds relatively well 1o abserved data. even though
the intensity is 5 hPa less, Three high—pressure centers in the Southern Hemisphere are simu-
lated as corresponding to the observed, but the high—pressure centers in the south Atlantic
and south Pacific are 5 hPa less than observed data, which are at 1020 hPa,

In July (Fig. 8), the Asian continent is covered identically by a hot low—pressure center
which is as low as 1000 hPa and its position is a little more eastward than the observed data
owing to the calibration of topography. The pressure of high latitudes in Asia is 1015 hPa: §
hPa more than observed, Like the observed, a 1020 hPa high—pressure center emerges in
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Fig, 8. Monthly mean sea level pressure in July, umts: hPa. (2) Model output of AVIM+GUM, (b)
observed data from Schlesinger and Gates (1980),
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southern Australia. North America is covered by a hot low—pressure center, which 18 as low

as 1010 hPa, with 2 simulated range larger than observed. The range and axis of direction of

the subtropical high at sea in the Norihern Hemisphere are simulated comparatively well even
though the imtensity is 1020 hPa, which is 5 hPa less than observed. The high—pressure center
at sea lying to the east of South America is obtained, although it is divided into two centers by
the southern end of the continent,

4.4 Analvsis of gevporential hieight ar 300 hPa

The monthly zonal mean of geopotential height is presented in Fig. 9, The simulations
are compared with NCEP reanalysis for lack of observed data and correspond relatively well,
The result of the coupled model has an identical tendency as NCEP reanalysis and has no sys-
tematic deviation. In January, the simulated results are less than the reanalysis, except for the
high latitude of the Southern Hemisphere, The trend of July also corresponds to the NCEP
reanalysis while the simulated values are smaller than reanalysis, which reveals that the simu-
lated temperature in the low layer of troposphere is a little less than the observed,
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5. Summary and review

This study is the first step toward full coupling AVIM with GCM by " treezing™ the bio-
logical and physiological processes in AVIM, (that is, by prescribing leaf area index (LAI)
and the vegetation cover fraction), and has coupled the physical part of AVIM with the
nine—layer GCM of IAP/ LASG. Through the analysis of various output variables of the
coupling model. the following conclusions are made:

(1) AVIM delineates the main physical processes on land comparatively well, The coup-
ling model, nesting high a resolution LSP mode! into GUM, can simulate surface air tempera-
ture comparatively well, and the position and intensity of each high or low temperature center
correspond reasonably well 1o the observed data. Coupling AVIM into GCM also improves
the global precipitation results, Compared with the 20—year mean of observed data from Xie
and Arkin (1997), the simulated annual mean of precipitation is reasonable, But because of
the low resolution of GCM, the intense precipilation belt near the equator is simulated
poorly,

In addition to these results, other variables, such as sea level pressure in January und
July, ate simulated comparativly well, and position and intensity of each atmospheric active
center correspond in a similar way to the observed, However, the simulated pressure in the
south of the Tibetan Plateau is not really low in January due ta the calibration of topography.
The simulation of sea level pressure along the coast of high latitudes of Asia in July is 5 hPa
higher than the observed data, resulting from sporadic snow cover that lowers the air temper-
ature in this region,

(2) After completion of the coupling. further work needs to be done in " unlocking™ the
biological parts of AVIM and couple the model completely and simultaneously with GCM.
classifying the vegetation Lypes on land further and more reasonably.
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