
Contents 

 x

List of Figures 

 

Figure 1.1 A schematic research framework and thesis outline. 

 

6 

Figure 2.1 Correlation diagram between population density (logarithmic) and 

cumulative forest loss for Tropical Latin America, Tropical Africa 

and Tropical Asia. [After Pahari and Murai (1997)] 

 

19 

Figure 4.1 Schematic illustration of processes occuring after deforestation. 

[From Zhang et al. (1996b)] 

 

47 

Figure 4.2 Changes (i.e. difference between deforestation and control 

experiment) of (a) Hadley circulation [zonal average of vertical 

velocity from 180
o
W to 80

o
W (Pa s

-1
)] and (b) Walker circulation 

[meridional average of vertical velocity from 9
o
S to 9

o
N (Pa s

-1
)] in 

October. [From McGuffie et al., (1995)] 

 

57 

Figure 5.1 Spatially averaged seasonal cycle of vertical velocity near the 

surface: (a) NCEP/NCAR Reanalysis (mean for 1976-96), and (b) 

control experiment, both for area bounded by 15
o
S to 30

o
N, 90

o
E to 

130
o
E. (c) and (d) as for (a) and (b) respectively, but only for 

equatorial region, 15
o
S to 15

o
N, 90

o
E to 130

o
E. 

 

67 

Figure 5.2 Precipitation (mm) for January and July from observation (a and b) 

and simulation (c and d). Area with monthly precipitation greater 

than 200 mm is shaded. [Observations after Legates and Willmott 

(1990a)] 

 

71 

Figure 5.3 Surface air temperature (K) for January and July from observation 

(a and b) and simulation (c and d). [Observations after Legates and 

Willmott (1990b)] 

 

72 

Figure 5.4 (a) and (b): Observed (analysis) 1000 hPa wind vector (ms
-1

) with 

MSLP (hPa) for January and July (mean for 1976-96, after 

NCEP/NCAR Reanalysis), and (c) and (d): Simulated (control) 991 

hPa wind vector (ms
-1

) for January and July, respectively. 

 

74 

Figure 5.5 Zonal (u) wind (ms
-1

) near surface: (a) and (b) are observed 

(analysis) fields at 1000 hPa level, mean for 1976-96 after 

NCEP/NCAR Reanalysis, and (c) and (d) are simulated (control) 

fields at 991 hPa level for January and July respectively. 

 

75 

Figure 5.6 As in Figure 5.5 but for meridional (v) wind (ms
-1

) near surface. 76 



Contents 

 xi

Figure 5.7 Seasonal variation of climatic changes over Southeast Asia after 

deforestation (areal average from 15
o
S to 20

o
N and from 95

o
E to 

150
o
E): (a) total precipitation (mm month

-1
), (b) total 

evapotranspiration (mm month
-1

), (c) moisture divergence (mm 

month
-1

), (d) surface net radiation (W m
-2

), (e) sensible heat flux 

(Wm
-2

), (f) surface air temperature (K). [From Zhang et al.(1996a)] 

 

83 

Figure 5.8 Changes of precipitation (mm month
-1

) following deforestation for 

January and July (b). 

 

85 

Figure 5.9 Change of Walker circulation (meridional average of vertical 

velocity from 15
o
S to 15

o
N) (Pa/s) in January. 

 

89 

Figure 5.10 Change of Walker circulation (meridional average of vertical 

velocity from 15
o
S to 15

o
N) (Pa/s) in July. 

 

90 

Figure 5.11 Change of Hadley circulation (zonal average of vertical velocity 

from 90
o
E to 130

o
E) (Pa/s) in January. 

 

91 

Figure 5.12 Change of Hadley circulation (zonal average of vertical velocity 

from 90
o
E to 130

o
E) (Pa/s) in July. 

 

92 

Figure 5.13 Change of vertical velocity near surface (Pa/s) in January. 

 

95 

Figure 5.14 As in Figure 5.13 but for July. 

 

96 

Figure 5.15 Changes of divergence (s
-1

) (shaded) and vorticity (s
-1

) (white 

contour) near surface for January (associated streamlines are shown 

in the control and deforestation fields). 

 

97 

Figure 5.16 As in Figure 5.15 but for July. 

 

98 

Figure 6.1 An example of the vertical distribution of variables in a model with 

N layers. The column of values on the right-hand side denotes the 

pressure at which variables are represented in a 15-level vertical 

resolution model, assuming a surface pressure of 1000hPa. [From 

Simmons and Bengtsson (1984)] 

 

119 

Figure 6.2 Standard 19-levels configuration for the Unified Model. The values 

labelled at some lower layers represent the σ-level. [From Cullen 

(1993)] 

 

119 

   

   



Contents 

 xii

Figure 6.3 Schematic illustration of the processes commonly included in 

atmospheric GCMs. The thickness of a particular arrow gives a 

qualitative indication of the importance of the interaction the arrow 

represents. [From Simmons and Bengtsson (1984)] 

123 

   

Figure 6.4 The Unified Model software system. [After Cullen (1993) and Met. 

Office (1996)] 

133 

Figure 8.1 Time series of global average precipitation (mm), surface 

evaporation (mm) and their difference for December - February, 

91/92 and 92/93 of the control simulation. 

 

174 

Figure 8.2 Time series of global average precipitation (mm), surface 

evaporation (mm) and their difference for June - August, 1991 and 

1994 of the control simulation. 

 

175 

Figure 8.3 Root depth (m) for the control (a) and deforestation (b) experiments. 

The inner box (b) is the study area which encloses the deforested 

region (i.e. grid-boxes with values). 

 

179 

Figure 8.4 As in Figure 8.3 but for snow-free albedo. 

 

180 

Figure 8.5 As in Figure 8.3 but for surface resistance (s/m). 

 

181 

Figure 8.6 As in Figure 8.3 but for roughness length (m). 

 

182 

Figure 8.7 As in Figure 8.3 but for surface capacity (mm). 

 

183 

Figure 8.8 As in Figure 8.3 but for vegetation fraction. 

 

184 

Figure 8.9 As in Figure 8.3 but for infiltration factor. 

 

185 

Figure 9.1 Precipitation (mm) for January and July from observation (a and b) 

and composite 10-case ensemble control simulations (c and d). 

[Observations after Legates and Willmott (1990a)] 

 

195 

Figure 9.2 Surface air temperature (K) for January and July from observation 

(a and b) and composite 10-case ensemble control simulations (c 

and d). [Observations after Legates and Willmott (1990b)] 

 

195 

   



Contents 

 xiii 

Figure 9.3 (a) and (b): observed (analysis) 850 hPa wind vector (ms
-1

) with 

mean sea level pressure (hPa) for January and July [21-year mean 

(1976-96), after NCEP/NCAR Reanalysis], and (c) and (d): similar 

to (a) and (b), but for the control simulations. [composite from 10-

case ensemble] 

 

196 

Figure 9.4 (a) and (b): observed (analysis) zonal (u) wind (ms
-1

) at 850 hPa 

level for January and July, respectively [21-year mean (1976-96)] 

after NCEP/NCAR Reanalysis. (c) and (d): simulated (control) 

fields at 850 hPa level for January and July respectively (composite 

from 10-case ensemble). 

 

197 

Figure 9.5 (a) and (b): observed (analysis) meridional (v) wind (ms
-1

) at 850 

hPa level for January and July, respectively [21-year mean (1976-

96)] after NCEP/NCAR Reanalysis. (c) and (d): simulated (control) 

fields at 850 hPa level for January and July respectively (composite 

from 10-case ensemble). 

 

198 

Figure 9.6 (a) and (b): observed 850 hPa velocity potential (x 10
6
 m

2
s

-1
) for 

January and July, respectively [21-year mean (1976-96), after 

NCEP/NCAR Reanalysis]. (c) and (d): similar to (a) and (b), but for 

the control simulations (composite 10-case ensemble). 

 

199 

Figure 9.7 (a) and (b): observed 200 hPa velocity potential (x 10
6
 m

2
s

-1
) for 

January and July, respectively [21-year mean (1976-96), after 

NCEP/NCAR Reanalysis]. (c) and (d): similar to (a) and (b), but for 

the control simulations (composite 10-case ensemble). 

 

200 

Figure 9.8 Standard deviation of monthly average vertical velocity from 10-

case ensemble control simulations: (a) and (b) are meridional 

average (from 15
o
S to 15

o
N) in January and July respectively; and 

(c) and (d) are zonal average (90
o
E to 150

o
E) in January and July 

respectively. 

 

207 

Figure 9.9 Standard deviation of monthly precipitation from the 10-case 

ensemble: (a) and (b) for the control in January and July, 

respectively; (c) and (d) for the deforestation in January and July, 

respectively. 

 

208 

Figure 9.10 Changes in surface temperature (K) in January (a) and July (b), 

respectively, with local changes significant at the 5% level shaded; 

(c) and (d): associated grid-point values of surface temperature 

changes in the study area for January and July, respectively. 

 

219 

Figure 9.12 Change in surface evaporation (mm) in January (a) and July (b). 

Areas in which changes are locally significant at the 5% level are 

shaded. 

221 



Contents 

 xiv

Figure 9.13 Change in 1000 hPa relative humidity (%) in January (a) and July 

(b). Areas in which changes are locally significant at the 5% level 

are shaded. 

 

222 

Figure 9.14 Change in net down surface short-wave radiation (Wm
-2

) in January 

(a) and July (b). Areas in which changes are locally significant at 

the 5% level are shaded. 

 

223 

Figure 9.15 Change in net down surface long-wave radiation (Wm
-2

) in January 

(a) and July (b). Areas in which changes are locally significant at 

the 5% level are shaded. 

 

224 

Figure 9.16 Change in net down surface radiation (Wm
-2

) in January (a) and 

July (b). Areas in which changes are locally significant at the 5% 

level are shaded. 

 

225 

Figure 9.17 Conceptual model of the atmospheric moisture fluxes over a land 

region. Terms Pm and Pa are precipitation of local evaporative and 

advective origin, respectively. Modified from Brubaker et al. 

(1993), with Rs and Rd are added. 

 

237 

Figure 10.1 Change of Walker circulation (meridional average of vertical 

velocity from 15
o
S to 15

o
N) (Pa/s) in January (composite from 10-

case ensemble). 

 

245 

Figure 10.2 Change of Walker circulation (meridional average of vertical 

velocity from 15
o
S to 15

o
N) (Pa/s) in July (composite from 10-case 

ensemble). 

 

246 

Figure 10.3 Change of Hadley circulation (zonal average of vertical velocity 

from 90
o
E to 150

o
E) (Pa/s) in January (composite from 10-case 

ensemble). 

 

247 

Figure 10.4 Change of Hadley circulation (zonal average of vertical velocity 

from 90
o
E to 150

o
E) (Pa/s) in July (composite from 10-case 

ensemble). 

 

248 

Figure 10.5 Changes in mean sea level pressure (hPa) in January and July. No 

changes are locally significant at the 5% level. 

 

253 

Figure 10.6 Change in vertical velocity pattern at lower level (850 hPa) (Pa/s) in 

January. Changes locally significant at the 5% level are shaded. 

 

254 

   



Contents 

 xv

Figure 10.7 Change in vertical velocity pattern at lower level (850 hPa) (Pa/s) in 

July. Changes locally significant at the 5% level are shaded. 

 

255 

Figure 10.8 Change in velocity potential at lower level (850 hPa) (x 10
6
 m

2
s

-1
) 

in January. Arrows indicate divergent wind vector (ms
-1

). Changes 

locally significant at the 5% level are shaded. 

 

258 

   

Figure 10.9 Change in velocity potential at upper level (200 hPa) (x 10
6
 m

2
s

-1
) 

in January. Arrows indicate divergent wind vector (ms
-1

). Changes 

locally significant at the 5% level are shaded. 

 

259 

Figure 10.10 Change in velocity potential at lower level (850 hPa) (x 10
6
 m

2
s

-1
) 

in July. Arrows indicate divergent wind vector (ms
-1

). Changes 

locally significant at the 5% level are shaded. 

 

260 

Figure 10.11 Change in velocity potential at upper level (200 hPa) (x 10
6
 m

2
s

-1
) 

in July. Arrows indicate divergent wind vector (ms
-1

). Changes 

locally significant at the 5% level are shaded. 

 

261 

Figure 10.12 Change in stream function at middle level (500 hPa) (x 10
6
 m

2
s

-1
) in 

January. Arrows indicate non-divergent wind vector (ms
-1

). 

Changes locally significant at the 5% level are shaded. 

 

263 

Figure 10.13 Change in stream function at middle level (500 hPa) (x 10
6
 m

2
s

-1
) in 

July. Arrows indicate non-divergent wind vector (ms
-1

). Changes 

locally significant at the 5% level are shaded. 

 

264 

Figure 10.14 The meridional distribution of surface moisture flux, precipitation 

and moisture convergence (mm) in January for the control (solid 

line) and deforestation (dotted line) (zonally averaged from 90
o
E to 

150
o
E, 10-case ensemble). 

 

275 

Figure 10.15 The meridional distribution of surface moisture flux, precipitation 

and moisture convergence (mm) in July for the control (solid line) 

and deforestation (dotted line) (zonally averaged from 90
o
E to 

150
o
E, 10-case ensemble). 

 

276 

Figure 10.16 The zonal distribution of surface moisture flux, precipitation and 

moisture convergence (mm) in January for the control (solid line) 

and deforestation (dotted line) (meridionally averaged from 10
o
S to 

20
o
N, 10-case ensemble). 

 

277 



Contents 

 xvi

Figure 10.17 The zonal distribution of surface moisture flux, precipitation and 

moisture convergence (mm) in July for the control (solid line) and 

deforestation (dotted line) (meridionally averaged from 10
o
S to 

20
o
N, 10-case ensemble). 

 

278 

Figure 10.18 The meridional distribution of net down surface radiation (Wm
-2

) in 

January for the control (solid line) and deforestation (dotted line) 

(zonally averaged from 90
o
E to 150

o
E, 10-case ensemble). 

 

279 

Figure 10.19 The meridional distribution of net down surface radiation (Wm
-2

) in 

July for the control (solid line) and deforestation (dotted line) 

(zonally averaged from 90
o
E to 150

o
E, 10-case ensemble). 

 

280 

Figure 10.20 Meridional distribution (zonally averaged from 90
o
E to 150

o
E) of 

boundary layer entropy in terms of boundary layer potential 

temperature, Π, in Kelvins for the control (solid line) and 

deforestation (dotted line): (a) for January, and (b) for July. 

(composite from 10-case ensemble). 

 

281 

Figure 10.21 Change in boundary layer potential temperature, Π, (K) in January 

(a) and July (b). Changes locally significant at the 5% level are 

shaded (composite from 10-case ensemble). 

 

282 

Figure 10.22 A mechanism relating Southeast Asian deforestation and the 

strengthening of the large scale monsoon circulation. 

 

286 

Figure 10.23 Velocity potential (x 10
6
 m

2
s

-1
) in January at 850 hPa (a) and 200 

hPa (b), and changes in January at 850 hPa (c) and 200 hPa (d). 

Arrows represent its associated divergent flow (i.e. divergent wind 

vector in ms
-1

). Changes locally significant at the 5% level are 

shaded (composite from 10-case ensemble). 

 

290 

Figure 10.24 Velocity potential (x 10
6
 m

2
s

-1
) in July at 850 hPa (a) and 200 hPa 

(b), and changes in January at 850 hPa (c) and 200 hPa (d). Arrows 

represent its associated divergent flow (i.e. divergent wind vector in 

ms
-1

). Changes locally significant at the 5% level are shaded 

(composite from 10-case ensemble). 

291 

 


