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Abstract: In order to reveal the spatial variation of the relationship between forests and runoff and explore
the mechanism numerical simulations of the responses of evaporation and runoff to the dynamic changes of
vegetation over the Suomo basin (a tributary of the Yangtze River in the mountain region of southwestern
China) are conducted under different temperature change scenarios by using the coupled model SSiB4T/
TRIFFID (Plant Dynamic Vegetation Model TRIFFID and TOPMODEL are integrated into the land surface
model SSiB4). The impacts of temperature changes on forest-runoff relationship and the mechanism are ana-
lyzed. The results of control test show that in wet season canopy wetness fraction is high in the subalpine re-
gion of southwestern China duo to low temperature. Transpiration is the minimum among three components
of evapotranspiration. Transpiration of forests is no significant difference with transpiration of grass and
shrub. The evapotranspiration of the basin increases and reaches its maximal value during the period of C3
grass succession into shrub and then decreases during the period of shrub succession into forest and reaches
its minimal value which may be less than bare soil evaporation. As a result forests increase the total runoff of
the basin. A decrease in temperature by 1.5°C enhances such effect of forests duo to more decrease in water
loss through canopy interception evaporation and transpiration of forests. An increase in temperature by 2°C
enhances the rate of transpiration and evaporation of forests more than that of grass and shrub. As a result
forests have no significant effect on runoff. Temperature rises to 5°C will cause forests turn to reduce runoff
duo to more significant increase in water loss through canopy interception evaporation and transpiration of
forests. As elevation decreases (temperature increases) in the mountain region of southwestern China the role
of forests to increase runoff will change to be that forests have no significant effect on runoff and forests
reduce runoff. The results also indicate that canopy temperature and canopy resistance of forests are more
sensitive to temperature changes than that of grass and shrub. As a result canopy interception evaporation and
transpiration of forests are more sensitive to temperature changes which cause that more significant increase
or decrease in forest canopy evapotranspiration with temperature increase or decrease than that of grass and
shrub. Through such mechanism changes of temperature cause the changes of forest-runoff relationship.
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Figure 1. Reanalysis and observed temperature and precipitation
(a) Reanalysis temper ature and obser ved temper ature of each
month; (b) Reanalysis precipitation and observed precipitation of
each month
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Figure 2. Observed and simulated runoff of each month: (a) Simu-
lated with observed precipitation; (b) Simulated with reanalysis

precipitation
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Figure 3. Daily precipitation and runoff in the year of 1983: (a)
Observed daily precipitation in the year of 1983; (b) Simulated and
observed daily runoff in the year of 1983
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Figure 4. Simulated canopy wetness fraction: (a) Suomo basin
(simulated with observed precipitation); (b) Suomo basin (simu-
lated with reanalysis precipitation); (c) Qingyijiang basin (simu-
lated with observed data)
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Figure 5. Changes of vegetation cover rate, evapotranspiration and
runoff depth: (a) Changes of vegetation cover rate; (b) Changes of
evapotranspiration and its three components; (c) Changes of
evapotranspiration and runoff depth
5. EHMEEE. RHSERANEL: () ERESENEWL;
(b) BER=EATENEN); (O BHEERRNEL

F 0.806, FHAEHEEMERE BN, AR EKEPHE
BLADL 25 5 SR 19142 I T 25 R LU, B i
B 7K 55 T 7k R sl Sl B K B 25 R TR Z AN K. R
R4 N W O 13 o7 N 7B i 2 AR MO W N R
B8, B 6(a). B 6(b)FI(c)7 il 2 itk 2% BioR

35



A EERR R LS 74

KBTI, ARMEBAE R AR DT
LRWEAR, R AR A — PR, AR Ntz
PR RIBE IR D/ N T R N . AR I N 2°C, S 4R
IR EE R EL, B SR B AR S AT T B I i -]
MM SR AT BT, RN C3 ER| L AR

(a) Broadleaf forest
Needleleaf-evergreen forest
C3 grass
e Shrub
09 - Tundra

Vegetation cover rate

0 50 100 150 200 250 300 350 400 450 500 550 600

Year

Evapotranspiration

(b)

Transpiration
500 Canopy interception evaporation
450 -
400 +
350 -
umj—-““\\\\__
250
200
150 F
100 -
50

Soil surface evaporation

Evapotranspiration(mm/yr)

0 50 100 150 200 250 300 350 400 450 500 550 600

Year

() e Precipitation

Evapotranspiration

800 Runoff depth
700
600

500 +
400 IS
W

300
200
100

x

Water balance(mm/yr)

0 50 100 150 200 250 300 350 400 450 500 550 600

Year

Figure 6. Changes of vegetation cover rate, evapotranspiration and
runoff depth: (a) Changes of vegetation cover rate; (b) Changes of
evapotranspiration and its three components; (c) Changes of
evapotranspiration and runoff depth
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Figure 7. Changes of vegetation cover rate, evapotranspiration and
runoff depth: (a) Changes of vegetation cover rate; (b) Changes of
evapotranspiration and its three components; (c) Changes of
evapotranspiration and runoff depth
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Figure 8. Changes of simulated canopy temper ature and net pho-
tosynthetic rate: (a) Changes of simulated canopy temperature; (b)
Changes of net photosynthetic rate
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