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Abstract

Aims There is increasing concern on the trade-off between carbon sequestration and water yield of forest eco-
systems. Our objective was to explore the effects of vegetation composition on water and carbon trade-off in the
sub-alpine watersheds of western Sichuan during 1982—-2006.

Methods The WaSSI-C, which is an eco-hydrological model with coupled water and carbon cycles, was em-
ployed to calculate the key components in water balance and carbon sequestration for the 22 sub-catchments in
the upper reaches of Zagunao River. Spearman’s Rho trend analysis was used to examine the trends in runoff and
net ecosystem productivity.

Important findings Compared with either subalpine meadow or mixed forest dominated catchments, the coni-
fer-dominated catchments had much higher water loss due to high evapotranspiration, and the loss was not offset
by its higher soil water infiltration during the growing season. The change in soil water storage for subalpine
meadow, mixed forest and coniferous forest are -44 mm, —18 mm and -5 mm, respectively, which indicated sig-
nificant decline in soil water storage and thus water yield particularly in alpine meadow catchments. Significant
negative relationship was found between runoff and net ecosystem productivity, the alpine meadow as the domi-
nant vegetation type showed high water yield and low carbon sequestration, and the conifer-dominant and mixed
forest vegetation showed low water yield and high carbon sequestration, moreover, the higher the forest coverage,
the lower the water yield. Upward trends in net ecosystem productivity were observed in the three vegetation
types during the study period and the alpine meadow type was significant.
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Fig. 1 A comparison of monthly runoffs (simulated vs ob-
served) guaged by Zagunao Hydrology Station.
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Fig. 2 Land cover types for sub-catchments in upper reaches
of Zagunao river (numbers in graph are serial numbers of

sub-catchments).
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Table 1 Topography and vegetation composition for sub-catchments in upper reaches of Zagunao river

iﬁiﬁiﬁmﬁer of HFEHFE Topography characteristics H#E 4  Vegetation composition
sub-catchment IR e FHiEk BRm i fi BB E e L e R SRR
Area (km?) lope Mean altitude Coniferous forest Forest coverage Alpine meadow Dominant vegetation
©) (m) coverage (%) (%) coverage (%) type
3 20.0 515 4077 91 99 0 FFRFHK
5 89.2 56.4 3838 54 65 33 Coniferous forest
8 49.8 59.4 3924 61 81 19
10 84.4 63.2 3948 50 75 25
15 47.6 76.5 3355 50 64 36
17 25.6 68.8 3647 60 68 32
11 195.9 58.4 4010 28 53 42 VRASHK
12 127.9 69.3 3322 28 6 38 Mixed forest
18 171.2 65.9 3937 18 5 44
19 59.6 71.6 3866 24 76 23
21 1125 66.7 4017 39 58 34
22 66.0 59.1 3543 22 48 43
1 251.5 49.4 4004 27 48 51 =X
2 1462 54.9 3995 25 a7 50 Alpine meadow
4 221.7 58.9 3371 21 41 55
6 82.5 59.3 3672 33 52 49
7 132.7 61.3 3446 30 47 51
9 149.1 60.9 3628 37 43 57
13 139.8 73.6 3348 32 43 55
14 87.9 69.6 3998 33 45 51
16 81.2 70.6 3348 36 51 50
20 96.9 66.6 4016 29 43 54

A AEREEKAR Annual precipitation (mm) B fEZ&# Annual evapotranspiration (mm) C “EfRiiif Annual runoff (mm)
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Fig. 3 Spatial patterns of mean annual precipitation (A), evapotranspiration (B) and runoff (C) of Zagunao upper reaches (numbers
in graph are serial numbers of sub-catchments).
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Fig. 4 Spatial patterns of annual gross ecosystem productivity (A), net ecosystem exchange (B), respiration of ecosystem (C) of
Zagunao upper reaches (numbers in graph are serial numbers of sub-catchments).
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Fig. 5 Seasonal dynamics of water balance components under different dominating vegetation type (mean + SE).
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Fig. 6 The relationships between forest coverage and soil water content (A), and soil water storage change (B) (Numbers in Figure
B denote sub-catchments and the severe water loss sub-catchments are inside circle).
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Fig. 7 Spearman’s Rho trend analysis of runoff and net ecosystem productivity for different vegetation dominated catchments.

P BARIE A 5k, (R ARYEREPADIRA, sl
B Au) 3 UL IR T K A R, 4SS
-44 mm (}6B).

34 FKEERESEGZESTH

N8 BRI K 5 B AU G R,
ZHEUAER RGN KEQ, WWARE)MFAES
ARG JI(NEP)VE R H R 55 The i) 2 An e, &
SCR XA feAn b T i . BATTR A AE K ZE(4-10
H)BFE 7 F AT Gevt, 3K AT AHERR BB 78 b
BE AR KENBE R, DEARE TR
T2 A LT 7T . Spearman’s Rhof ] /7 416 46
L, TEWF T A1 (1982-20084E) N, 5 HE#i s 3 5
PR 1 7200 2 (Q) R 3 1) H— 5 R Rt %
(Geit &Nl BB E), Hdh i 3 SR
=-3.0, p < 0.01)FIVRZ MR I F M) IH(z = 2.8, p <
0.01) & 3 J¥ iy T4 b Ak = S i dk(z = -2.5, p <
0.05), =& FAH B I B M B 45 R A A —
B, B SRR GE R AT G A M 7K Sk S 7K
SCERE . NEPRESAARATT e IF St AR i & 1)
AR R, SRR S, AR e RR(z
=12, p > 0.0)ANEAME T (z = 1.3, p > 0.1) FIAE B
KA EFHERA R, MEMAE SRR EIRE
(z =2.09, p < 0.05)(&7).

FAh, XF22 AN [RIAE B 4 R SR TR £ 4R
SFIQENEPHEAT A4, KIL - HAF/EREN
RS2 A (NEP = —0.4 x Q + 365, R = 0.84, p <
0.001)(/418), RN =& £7 1 3 HBUE X & 1l 4 #fr
F MR R BAE ARG 2R B oA, RATRIL
PAF =AM D)ASF = SRR ) TR A A

www.plant-ecology.com

250

200

150

G )

==

Ei

, 100

b s
(g C-m2a™)

Net ecosy:

50

0

300 400 500 600 700 800
R4t Runoff (mm)
® §'HHEF Coniferous forest dominated
A FlEAf £ Alpine meadow dominated
o FHiREZE M35 Mixed forest dominated

B8 &AM L K B S ES KRG A IR R
(B BB bR 09 TR AR B 5 5) o

Fig. 8 Relationship between water yield and net ecosystem
productivity in the upper reaches of Zagunao river (numerical
values in plot denote forest coverage for sub-catchment).
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