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ABSTRACT

A brief introduction is given of the Grid-point 9—layer Atmospheric General Circulation Model {AGCM) de-
veloped at the Institute of Atmospheric Physics (IAP), Chinese Academy of Sciences. The resulis of the 1980~1989
Atmospheric Model Inter—~Comparison Program (AMIP) run were compared with ‘observed European Centre for
Medium-Range weather Forecasts (ECMWF) temperature data for the same period. The statistical analysis, and
Grids Analysis and Display System (GrADS) results have shown that the mode! holds a great promise in predicting
the African climate with considerable accucacy, within and across the seasons. This is & great hope fgr climate re-
scarch in Africa which is daﬁ'a—smrse regi?n.
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L INTRODUCTION

The coupled ocean—atmosphere-land climate system is characterized by substantial

" amounts of variability at a wide range of spatial and temporal scales (Delworth and Manabe,

1996). A key issue in climate research is obiaining a better description of this variability and
the associated physical mechanisms. For example, there is growing evidence that intérannual
fluctuations in the African monsoon circulations and associated rainfall are predictable
{WCRP, 1992). In particular, there is a coherent pattern of associations of regional rainfall
with E! Nino Southern Oscillation (ENSO). g '

The domain of boreal summer rainfall extending from the West African Sahel into
Ethiopia and the western part of the East Aftican highlands has a positive correlation with
the Southern Oscillation index (SOI). Similarly, in the coastal regions ok equatorial East
Africa, the boreal spring and autumn rainy seasens are more abundant in the low SOI phase
(WCRP, 1995). In the southern parts of Africa, the austral sumimer rains are negatively corre-
fated with SOI. Hastenrath (1991} reported that boreal autumn rains in equatorial East Africa
are influenced by Indian Ocean sea surface temperature (SST) anomalics. These anomalies
are related to the strength of the preceding Asian summer monsoon.

Great contributions have been made to the development of General Circulation Models

(GCM) at Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing (Zeng et

al., 1995). The efforts are directed to the simulation of the climate system and its variability.
The GCM constructed by Zeng et al. (1987, 1989) was successful in modelling climate
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characteristics (Liang, 1986; Xue, 1992; Bi, 1993), in preducing sensitivity experiments
(Zhang and Liang, 1989), in coupling with other climate subsystems (Zhang et al., 1992) and
in predicting short—term climate vartability (Zeng, 1990). Wu ct al. {1996) in their work used
the observed SST and sea ice AMIP data from 1979-1988 to test the performance of a 9-lay-
er spectral AGCM. Their model is capable of simulating the basic states of the atmosphere
and its interannual variability.

The 2'm of this work is to prasent the results of compariﬁg the observed ECMWF data
and AMIP run using the IAP 9-layer grid point AGCM (IAP 9L AGCM) for the African en-
vironment.

II. BASIC INTRODUCTION OF IAP 9L AGCM

The [AP nine-level AGCM is the historical descendant of IAP two-level AGCM, but
with most dynamical and physical parameterizations qualitatively changed: Its dynamical
framework and finite—difference scheme keeps the physical coordination of overall property
between difference equations and differential squations. The introduction of model standard
atmosphere can effectively réduce the large truncational errors in the mountain regions. The
model adopts detailed physical parameterization schemes, includes both diurnal and seasonal
cycle NCAR CCM terrestrial and solar shortwave radiation scheme, fine—tuned
Atakawa-Schubert deep convection cumulus parameterization and Albrecht shallow convec-
tion scheme, and comprehensive surface and atmosphere interaction module developed by
Liang (1996). ‘ ' .

A detailed description of the model is well documented in Zhang (1990), Liang (1996)
and Bi (1993). They introduced the model dynamical framework and physics
parameterization, respectively.

I11. METHODOLOGY

The 10 year AMIP run by IAP SL AGCM for 1980-1989% was compared with the
ECMWF data for the same period in this paper. The only climatic variable available for
Africa, a data sparse region, was temperature data for 850 hpa and 500 hPa levels.

The resolution of the AGCM is 40° latitude by 50° longitude, a total of 3170 grid points
for the globe. The ECMWF data on the other hand, have a resoluticn of 2,5° x 2.5°. Africa
lies in the window, 42°N to 42°S (latitude) and 36°W and 50°E {longitude). A-computer rou-
tine was used to extract the data for the African continent. That gave 22 x 17 {(374) grid points
for the AMIP run and 33 x 37 (1221) for the ECMWF data set. The tomputing was done on
the 1AP Convex computer. The figurés were analysed using the Grid Analysis and Display
System (GrADS) of Doty (1992). The observed and simulated data were compared using the
Student’s t—test, Earlier authors (Chervin and Schneider, 1976; Manabe et al., 1981; and Yeet
al., 1984) also used this method to compare their simulated and observed data.

The Student’s t—test was used to compare the difference between the means of the AMIP
run and ECMWF data, on the assumption that both samples were indgpendent and normally
distributed. The t—value was computed (Newmark, 1977; Dowdy and Wearden, 1983) as fol-
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In equations (1) and {2), Aw = difference between the monthly means of the observed
{ECMWF) and simulated (AMIP} data, A = standard deviation of the difference Aw, N\ =
number of observed data for each year {899), N, =number of simulated data peints
(300), 0, .0, = standard deviations of the two samples, ECMWF and AMIP run in this case.

The differences between the monthiy mean observed and AMIP run data were consid-
ered significant, 95 percent of the times if the computed value of t in Bq. (1) is —1.96< <
1.96. ’

This is a two—tailed test at degree of freedom, N, + N, —2=1199 or oo,

Table 1. Number of Months per Year for Which Differences between the Monthly Mean Observed and Simulated
Temperature Data Were not Significant 95% of the Times

Year Number of months
Worthern Central Southern
Africa Africa Africa
" 850 hPa 500 hPa £50 hPa 500 hPa 850 hPa 500 hPa

1980 12 0 K 0 0 0
1981 12 0 0 ] 1 ]
1982 12 10 1 0 5 0
1983 12 1 12 0 0 0
1984 t2 12 4 12 12 12
1985 0 0 12 0 1 0
1986 1z 0 10 T8 10 o
1987 « 10 ] 12 0 5 0
1988 12 0 12. (] 1 0
1989 12 0 n 0 7 0
Totsl 116 23 93 12 52 12

IV. MODEL PERFORMANCE
Temperature at 850 hPa level

The IAP-9 layer Atmospheric General Citculation Model {(AGCM) performed well
within and across the seasons for the 1980~1988 AMIP period. The results in Table 1 show
the number of months per year for which differences between the monthly mean temperature
data (observed and simulated) were not significant. Fot most months of the year and for the
period under consideration, the performance was okay. Out of the total period of 120 months
or 10 years, only 16 months had significant differences from the simulated data in North
Africa. Four months were not well simulated in Central Africa. However the model did not
perform well in Southern Africa. 62 of the 120 months were badly predicted. The result
should not be surprising since those regions are in the monscon belt of Africa (Hastenrath,
1991; WCRP, 1995) that are telsconnected with Asian weather where the model was devel-
oped.

The January and July performance of the IAP-9L~AGCM for Northern, Central and
Southern Africa are shown in Figs. 1-3. The simulated mean climate is in good agreement
with the observations.
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Fig. 1. Distribution of the monthly mean ternperature (°C) at 850 hPa in Northern Africa for Jan-
vary and Tuly in the [AP-AGCM simulation for the period 1980-1989 {a and ¢), and in ECMWF
observation (b and d).
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Fig. 2. Distribution of the monthly mean temperature.(°C) at 850 hPa in Central Africa for Janua-
ry and July in the IAP-AGCM simulation for the period 19801989 {a and c), and in ECMWF
observation (b and d).
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Fig. 3. Distribution of the monthly mean temperature (°C) at 850 hPa in southern Africa for Janu-
ary and July in the [AP-AGCM simulation for the period 19801589 {a and ¢), and in ECMWF'
observation (b and d).
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Fig. 4. Distribution of the monthly mean temperature (°C) at 500 hPx in Nerthern Africa for Jan-
vary and July in the JAP-AGCM simulation for the petiod 1980-1989 {a and <), and in ECMWF
observation (b and d). :
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Fig. 5. Distribution of the menthly mean temperature (°C) at 500 hPa in Central Africa for Janus-
ry and July in the FAP-AGCM simulation for the period 1980—1989 (a and ¢), and in ECMWF
observation [b and d).
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Fig. 6. Distribution of the monthly mean temperature (°C) at 500 hiPa in Southern Africs for Jan-

uery ind July in the EAP-AGCM simulstion for the period 1980-1989 (a and c), and in ECMWF
observation (b and d). ) .
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Temperature at 500 hPa level

The model performance for the monthly mean temperature at 500hPa level was not as
good as that of the lower level. This is clearly seen from the results of the Student’s t-test in
Table 1. Only 23, 12 and 12 of the 120 months were okay for North, Central and Southern
Africa, respectively.

A summary of the simuiated and observed climatological January and July temperatures
at the 500 hPa level is shown for the three regions of Africa in Figs. 4—6. The temperature dis-
tribution simulated by the IAP-9-level~AGCM is very similar to the observed. Schlesinger
and Gates (1980) using their Oregon State University {OSU) two—level Atmospheric General
Circulation model obtained similar results over Aftica.

V. CONCLUSIONS

The results of the simulations of the African climate using the IAP grid point 9~level at.
mospheric general circulation mode] have revealed that the model is robust enough to simu-
late temperature data for Africa. For a continent where there is paucity of climatic data, es-
pecially upper air atmospheric meteorological variables, this holds a great promise in the
years ahead. However, efforts should be devoted in data recovety activities in the region. To
actually test the performance of any general circulation model, ground truth data are needed.
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