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Abstract Water balance on landscape or region scale is the important indication of global change. Using a developed
process-based spatial explicit landscape model, we simulated water cycling processes in Changbai Mountain Nature Reserve,
and analyzed total statuses, seasonal variations and spatial patterns of water input, output and balance. The simulated aver-
age water surplus per unit area was 0. 22540.255 m+ a™!, i.e. , 4.379X10° m® + a~! over the entire reserve with great
spatial heterogeneity. In the whole, mixed broad-leaved and Korean pine forests lacked the little number of water, whereas

the other vegetation ecosystems had more or less water surplus. Considered in total areas, spruce-fir forests have the most
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annual water surplus (about 1. 696 X 10° m*

+ a~1) accounting for 40. 56% of those for all the ecosystems. In June, the en-

tire reserve had the most serious lack in water; on the contrary, in July and August, it had the most plenty of water, sec-

ondly more in March and April. Except in March, mixed broad-leaved and Korean pine forests had the most serious lack in

water or the least water surplus (July and August) . The seasonal dynamics of precipitation had the most significant effects

on those of water input, output and balance. The spatial pattern of annual water balance (surplus) values obviously in-

creased with the increasing elevation gradient. Climatic factors had extremely significant influences on the spatial pattern of

water balance: at the locations with higher air temperature and total solar radiation water surpluses were less, even water

lacked; while at the locations with higher precipitation, relative moisture and wind speed water surpluses were more. Water

input was highly negatively correlated with LAI mainly due to precipitation, while water output was highly positively corre-

lated with LAI mainly due to transpiration.
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Fig. 3 Water balance for different vegetation ecosystems in Changbai Mountain Nature Reserve (Vegetation type: 1. alpine barren lands,

2. alpine tundra, 3. sub-alpine Betula ermanii forests, 4. spruce-fir forests, 5. mixed broad-leaved and Korean pine forests, 6. broad-

leaved forests, 7. Changbai larch forests, 8. meadows, 9. shrubs, 10. mean over the whole reserve. The sorting of histograms is the

same as that in the legend)
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Table 1 Water balance for different vegetation ecosystems in Changbai Mountain Nature Reserve
s TARSHEY R REEBHERM
HBER (hBHHE B B 3 g BEARR THERR EHE
Vegetation Number of grids Transpiration/ Evaporation from underwood Evaporation from canopy Evapotranspiration/
type (percentage of total m® s m™2 + 2! and litter layer/ interception and soil/ mdem2ea!
number of grids) md em 2ea”l m?em 2eal
1 4728 (0. 219%) 0.09440. 031 0. 148£0. 00832 0. 247£0. 007 0. 489%0. 0295
2 62628 (2. 896%) 0. 358+0. 063 0. 140%0. 00841 0.146+0.012 0.64330. 0616
3 47699 (2. 206%) 0. 460£0. 109 0.122+0. 00726 0.132+0. 031 0. 715+0. 108
4 760040 (35. 149%) 0. 546£0. 247 0. 109£0. 00743 0.276%+0. 081 0. 931%0. 270
5 555079 (25.670%) 0. 885+0. 198 0. 0935+0. 00353 0.172+£0. 052 1.151£0. 173
6 329815 (15. 253%) 0.675+0.108 0.098240. 00671 0.094+0. 030 0.867+0.0933
7 171142 (7.915%) 0. 6104+0. 204 0.111%£0. 0100 0.26640.075 0. 98740. 200
8 92703 (4. 287%) 0. 580+0. 068 0.120+40. 00851 0.136+0.017 0. 836+0. 0646
9 138531 (6. 406%) 0.411+0.031 0. 112+0. 00867 0.151+0. 007 0.674+0. 0279
F34 Mean 2162365 (100%) 0.638+0. 256 0.106+0. 0129 0.198+0. 093 0. 942+0. 252
HEAY  ARENE ek it TR KA oot KA
Vegetation  Surface runoff/ Precipitation/ Snowmelt/ Water input/ Water output/ Water balance/
type miem?%-a’! mea’! mdem?ea! mPemZea! miemZea’! mem 2ea”!
1 0. 61940. 051 1. 64240. 0925 0.3007+0.018 1. 94240. 108 1.10810. 0393 0. 83440. 0802
2 0. 529+0. 065 1. 55040. 0934 0.281+0.018 1. 83140. 109 1.17240. 0524 0. 6594+0. 0927
3 0.391+0.073 1. 3544-0. 0807 0.24140.017 1. 5954-0. 0968 1. 10540. 0948 0.49040. 0870
4 0.227+0.117 1. 21340. 0826 0.194%£0.014 1. 406+0. 0961 1. 15840. 175 0. 24810. 185
5 0. 081+0. 056 1. 039+0. 0393 0.166=%0. 013 1.205+0. 0515 1.232+0.121 —0.026940. 136
6 0. 1584+0. 055 1. 0914£0. 0745 0.192+0.016 1. 28340. 0901 1. 02540. 0599 0. 258+0. 0889
7 0.218+0. 102 1. 22840. 111 0.204%0. 020 1.4324+0.131 1. 205%0. 146 0.22740.153
8 0. 350+0. 067 1. 3394-0. 0946 0.243+0.021 1.581+0. 115 1. 186+0. 0751 0.39540. 0838
9 0. 344%£0. 070 1. 24140. 0963 0. 225+0. 020 1. 466+0. 116 1. 01840. 0577 0. 448+0. 0625
-4 Mean 0.203+0.136 1.17540. 143 0.19640. 031 1.371+0.173 1. 14540. 171 0. 225%£0. 255
TR Rk A Bk Sk
Vegetation Total water input/ Total water output/ Total water balance/
type 108 m® » a™! 108 m® + 2! 108 md » a~!
1 0. 0826 (0.0780~0. 0872) 0. 0471 (0. 0455~0. 0488) 0. 0355 (0. 0321~0.0389)
2 1. 032 €0.971~1.094) 0. 661 (0.631~0.690) 0.371 (0. 319~0. 424)
3 0. 685 (0. 643~0. 726) 0. 474 (0. 434~0. 515) 0. 210 (0. 173~0. 248)
4 9. 618 (8.960~10.275) 7.924 (6.727~9.121) 1. 696 (0.431~2.962)
5 6.021 (5.763~6.278) 6.155 (5. 551~6. 760) —0.134 (—0. 814~0. 545)
6 3.809 (3.542~4.077) 3.043 (2.865~3.22D) 0. 766 (0. 502~1. 030)
7 2.206 (2.004~2.407) 1. 856 (1.631~2.081) 0. 350 (0. 114~0. 585)
8 1. 319 (1. 223~1. 415) 0.990 (0.927~1.052) 0. 330 (0. 260~0.399)
9 1. 828 (1.683~1.972) 1.269 (1.197~1. 341D 0. 559 (0. 481~0. 636)
14 Mean 26. 673 (23. 306~30. 040) 22.292 (18. 965~25. 620) 4,379 (—0.584~9. 341)
. RBEERIFE 3. Note; Vegetation type as in Fig. 3.
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REHIEY, Hi, kKo HEBILS (11
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HFEH AN ILFR R, EhEAkESHEHL
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MIHEE. KB, LAL, &5 KE. BEHM
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BEEHXXRSIN, SHAEFYHERBEEM
KRR, BAKE, HMBENEESEXLEE
57K538 K B F Xt 7K T4 2515 AR 10 9 5 e B K
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3.3 KEHFRANZEERE

BAMKAL B RFEY X E KR 2 H
AHERREARRE LB s & esAER
MR, BSRUWRE ENEEYYEIBRMEER
I . SEMEE) UKBEHRRE #4538
MER. ErEEEEHERERN, BB
RS S 20 A RS B — A 5 B9 HL 0 B AR AR
B, FBRESHSHmTEMMEPK, 35 457
M. FEEA R — 5T RKIEF A BAE R F
BHEFMEEEFE, KL HKa A
THMTEHESENZEPRER.
3.3.1 wmBEE

BANEMRE LK B AR R
EHEREE (FEREBR . SHX, FKEE
B BKRE W% E 5B R T & 20 B
M (H52., MKSWALE, FEREKEHE

£2 XEREREFVEUSHHERTFAERAFEVEUMHEXXER

Table 2 Correlations between season variations of water cycle variables and those of environmental and vegetation factors

A¥HSIE ARKE @ BRES AV AE A A H¥y
KB Monthly Monthly Monthly SRR K LAIMonthly SFL%HE BESE
Water cycle variable mean air precipitation  total solar Monthly Monthly mean LAI Monthly Monthly
4 temperature radiation  mean relative mean wind mean stomatal mean canopy
moisture speed conductance  conductance
Eﬁ%ﬁ . 0.885** 0.944* 0.729** 0. 847** —0.726** 0.903* * 0. 882** 0.897**
Monthly transpiration
ARER . 0. 846* * 0. 890* * 0.779** 0. 853* * —0. 456 0.725** 0.795** 0.814**
Monthly evaporation
A B . 0.893** 0.949* * 0.759** 0.868* * —0. 664* 0.871** 0.876** 0.893**
Monthly evapotranspiration
ABRER 0.677* 0.901** 0. 440 0.912**  —0.515 0.618* 0.910** 0.911**
Monthly surface runoff
Hﬂ(éﬂ&A 0.809* * 0.962** 0.660* 0.901** —0.559 0.738** 0. 887 * 0.915**
Monthly water input
AKDIH 0.859** 0.972** 0. 687* 0.913** —0. 643 0. 828> * 0.920* * 0.933**
Monthly water output
AKEH 0. 463 0. 698* 0.418 0. 648* —0.174 0.293 0.574 0.639*

Monthly water balance

TE: FHPH Pearson MXRY; * FRn 0. 05 KF EMEH; * " Fm 0.01 KF LR BE. FTRHME.

Note: all are Pearson correlation coefficients; *
are the same in the later tables

means correlation is significant at 5%; and * * means correlation is significant at 1%, which
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Fig. 5 Spatial pattern of (a) annual water balance, (b) annual water input, and (c) annual water output in Changbai Mountain
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F3 FABERERSEEFZEMNAXXE
Table 3 Correlations between annual water cycle variables and some factors
KT FEPHKE FREKE RSt EVPHENEE ETYRE FFH LAI
Wat le variabl Annual mean air ~ Annual total Annual total Annual mean Annual mean Annual
ater cycle variable temperature precipitation solar radiation  relative moisture wind speed mean LAI
Annﬁi'gt‘fnﬁ)%ation 0.581** —0.560% * 0.513** —0.588** —0. 549" * 0.781*~
Annifz;;é;%aﬁ;ﬁ:tion —0.296* * 0.261** —0.298* 0. 386> * 0.236** —0.338**
Annualéf\f;:lﬁzfpiraﬁon 0.475** —0.468** 0.406* * —0. 449** —0.466* * 0. 662* *
Anigﬁﬁfeﬁz;iioﬁ —0.741** 0. 749* * —0.611* * 0.732** 0.738** —0.614**
Aﬁi‘iiﬁ{ﬁh —0.923** 0.931** —0. 643> * 0.844** 0.930* * —0.502**
Anﬁffiﬁg’[i{l\put —0.989* * 0.998* * —0.713** 0.919** 0.996* * —0.499**
Amﬁf‘vﬁﬁiﬁput 0.113** —0.095** 0.114** —0.082** —0.102** 0.490* *
FRAYH —0.739** 0.733** —0.555** 0.671** 0.736** —0.664**

Annual water balance

. BEAHH 5 457, Note: the number of samples is 5 457.

HEZS % R B A AR AR 4R 23 LAT &K
(#95.606 m* » m™), HAEKSFZHBEE. B
EBEMKSCH S LAl Z A REG RS
(R, MEEMBER (F 4. Y LAIR K,
TEE AN R L AR R, PR BT 2
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SBER (F4), LALXAEZHEE A E RN B,
5 (R=0.662) (£ 3). FEHBIRAFRERTH
MR FH, LA XK 8 520 00K FH5HE
BE. WEPRLIAAAK . B AR ARG AR 35 LAT &
K BFHE4m? m UL, HEZERBE/M;
55 L I AR O (9 4 2 2 LAL J/h (U4 0.102
m’ e m ), HERLEBRE K., o2 EKY LAIE
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BERTBEEN TR, XAERER LAI
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ISR X B 2R R RN A B AR, XA R

BFf LA LIRANG,
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MK (R D, ST AR o AR B 40 45 4 i
MEYHE LA X, BTHYNASTREHER
R, MARHFEAR, FHREBRTEHAKS
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MESEARKESSKEBELR, XBPE, SEAR
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F*4 FAEAEREFEFHMEREY (LAL L) ZEHEAXE

Table 4 Regression relations between annual water cycle variables and annual mean leaf area index (I )

KIEFA R

Water cycle variable

ERBAEREFELY IAMERXERR
Regression relations between annual water R? F P
cycle variables and annual mean LAI

Annual tffffﬁi Yy Yiransp= 0. 185 In [14+0. 516 0. 885 18733. 85 0. 000" *
Annﬁal ifﬁﬁ;ﬁ; ) Yewp="0. 0417 In Tra+0. 343 0. 452 1329. 737 0.000* *
Annual evaﬁiﬁfﬁim (Y v Yeveprr= 0. 830 1A 0. 167 0. 769 7493. 894 0.000* *
Amua]fffffiﬁﬁfi Y munott) Yrunoff = 0. 286178 Ia 0. 659 3973. 233 0.000* *
Amuaffiﬁﬁ (%smh) Y anowmelt = 0. 216¢0-0341 f15 0.537 2100. 442 0.000* *
Annualqzv‘v%:iﬁlgl{\(Ym) Yuin = 1. 479¢70- %20 frz 0.517 1891. 346 0.000% *
Annual fﬁ?ﬁfﬁ (Yone) Yoou= 0. 0696 In I14+1. 111 0.565 2429. 637 0. 000" *

£ BT Yo ="0. 142 In [1a+0. 315 0.716 5434. 320 0. 000" *

Annual water balance (Yw,)

B HAYCN 5177 (RERME . RESHXREG FHREENF RE, AEEFESHAFTEZL; PRREERKT.
Note: the number of samples is 5 177 (zero values are excluded). R means correlation coefficient; F means statistically F test, that is, the
ratio of regression variance to residual variance; P means significant level.
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