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A MY BEEITHEFFHEEEEKTRBITASE, fETHPHESTERKBETHFE. By
1988~1992 FHH . WH . DE. RRFRL. ERABR s HETFAKBTHENTNT. SERUEHARE -
BEPHLEEHIEHRXSHAE. FEAEAHRERD T IR ASH ERAHS . LREEN KSR
AT, HEIREEN 46 A, FRFPHESESERIRENKSEE. FREEFAHEREYERFEER
TEXEKS FAHEEEEMEN G 32H~11.55%, ERXHNHERERFTFHESESRTERSY '
B, EHEFEEFHAM. BEEHHT LT 10K, KSERATREEAREEEBHT HRNS
HER. BEEREE BEE . TEEEETIIE4E, A ESHENAEY E R A D L1~
3.87%. BEFER BT EHF - THRBEN S KRBEH. HEH 8 1% -9 8%. AN THEEMEHT
WS RY 120~200 mm. EEREHEWREE EHFG, BN PRSERAENT. L8 kGH
MR WER £ 10~16 . WHEMEN £ i~2a. SKBFHREFRYIT N, SRR MME &
XEFERERBYOTE W 48, 209 ~50. 10%. BTN BE, AR BT 40, 43% ~20.74%, 1R
SrEFFE, RUEAETFSESE A THRASBKSEATE. BAHR KT ERERTHEEK. &3
AR IEER . AR AR ETH R EER R -1.52% ~—3.47%, MR HEHE.
EHAMEETAR L MY~ 171% . FATAFEETREFTHFAR K S REAIESRE, HKG &
FeRT MR R IR .
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A STUDY ON WATER BALANCE OF PROTECTIVE
FOREST ECOSYSTEM IN LOESS AREA

Yu Xinxiao Chen Lihua

( Betying Forestrv University, Beijing. Chiag, 100083)

Abstract According to the features of water cycle in protective forest ecosystem in loess area,
the equation of water balance for the protective forestry ecosystem was put forward. The ta-
bles of water balance were presented for 6 ecosystems in the period from 1988 to 1992. From
the experimental results of water balance. the input and output of the protective forest ecosys-
tem were analyzed. It is pointed out that rainfall and exchange of water between root zone and
deep soil were main water input, evapotranspiration and canopy interception were main water
outputs. while soil surface runoff was a very little water output. The study proves that there

was a relative stable soil water content in profile of the soil. which can provide water for trees
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in some years. By the analysis of coefficient of water balance mtensity and coefficient of water
balance guarantee, it was pointed out that soil water was sufficient for scrubs, but insufficient

for trees.

Key words: water balance. protective forest ecosystem. loess area.
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B = PR ERER LR, HFUEETREETERELBEMNHIFHRERE -TEX
PR ESRAR. T HAKARFEEOWHR. A FEHN RS IENB & R 5T
EESER, EELHRBFREZER LEARLERSEFEEMNBIEHNERE X
1 RRMaSHRRFE
1.1 A

HEIH 7R 10T B AL TRl KERFHAR S . AR RS IRARE 110745
~111°07, L 36°00~36°05' . KFTEHN M47~1332 m, BTHEIREHERX. AKX
R RS 579 mm. FFEHHARN 1724 mm, FFHSIR 10. 0C, FHEHRE
62% . THEY 172d, RBBEW L TR REHESE. REN T ENE L. LEY— T
wies, Kt g+ ar/mE, HREMREERF] 7000~ 10000 t/km® - a,
L2 SR

2 T5 T 9 ) 45 0 RIS T b5 7E B IR 6 DREML KRBT &S PHTH . SEHMEL
HRE 1.

F 1 RIS HM Ok TS EF IR

Table 1 The situaton of experimental plots (water balance plots?

) HorEE PHRR WEALAE HEPEE
40| ;o 5 AT wHi . RN .
Hh 2 t#km™) (m) (Y (m>
Slope Slope Slope Stand (em!
Plot i i Seand Tree Cover Crown
durection gradient postion age DBH
density height degree thuckness
L A N 203 22,0 & 14 2100 11. & 5.7 76 i1
Black locust
A ™50 70 il 12 E000 6. 8 1. & 84 1.5
Chinese pine
FEWHHM N0 24,3 t2 8 BRor: 1.2 — &3 1.0
Sepbuckthorn
HEFEHRE N33 28,0 2 7 £3un 1.2 — I 1.2
Dravid ostryopsis
BH Grass N 315 27,0 W — — 0.3 — 80 —
#4h Bear N 315 27,0 1 — — — — — —

1.3 MR

FREEKBEERE. F M6 T EFTHR ., TREEE Y 1988 FH]~1992 F K.
1.3.1 BFHE FEAKMHACHETAECAWET, iCREEEMEESE.
1.3.2 HEHEE EH2os0om BHEAHBESBEICEAHER, ERNTHRERE
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MREmTRE, AT THERTER.

1.3.3 wEEHAE RAEAFRFEFEI S A 20 MEEERHIAKY. HEEHICE
AKitioF#x SR EMbRRAIE.

1.3.4 THAKAHE RALEHEEAFTAEFRGEMEEEKE . MREE S
2m, MERE % 20 om. 8 5~7 d E—RK. WIREAITENLEABHIETHL.
1.3.5 #E&RHE WFTREEEALEKERET SRS,

1.3.6 KA ER R Rk 3R AT K 5392 B8 Darcy BT

2 BPHESREXKIERTESARTENLHE

Rl EEEEEE. AL LKL BEERAK KRN ES. BT
P HIIH R ARESE. BES S RARNCHRS - AT MM HRESREN KB )
O RBEZERHABTE Y, BRTHIRESZREKTET TR, KFTTEFIEM
FHMERSEES. EMNXRL FEEAHMHWIBRTERE. IRAKEKY.EF
Sk ER TR KE V&,

RIEREFHHER. £ A ARSI EESTHATE AR k. Wik,
WP HRESEHEITEHOTAKETEFE,

(P + Pc+ Pl +8SdY — (E+ T+ Fd + Ic + Il + Rs + Rss) = AW, + AW, (1)
A PRXSEERAE: Pc ERWHYERKTLHEKE: P 2REHEHEAKTREK
B S R THEBHGE; ERFHEETFEBR: TEXHERE: Fd EREES
B I EREHHEBHEEREER,; I RHEEIESEE: R RHERTKE;: Ry BE+H
B AW, RIRFEX L ER KT LR, AW, RRSHEEDENT KTLE.

(DABRE—H A NI PHEN, FPHESER KB PEFEETA TSNS
BERT:

I[(P»{—Pr—r—Pi-i—Sd) (E+T + Fd + Ic + Il + Rs + Rss)1dt

__|‘ J‘%dzdrﬂ—jawf’d 2

EKBTHHESD, %ﬁﬁ%%%ﬁ%ﬁ%%$ﬁ% RiEE KT EHITR S
0, ER KR T FREPEEMERRANSRE. ALEUS W PP RES RS
KEFHHE:

AW =P —Tc—E— T — Rs+ SF (3)
B,
% = Py —Tedry — E@) —TU)Y — Rs(r) = SFD {4}
‘z Z
oW, _
J S dedt = j J[P —Je— E—T — Rs + SFldud ()

3 m?#&ﬁﬁﬁxl¥wﬂﬁ
RIFLTME OGP REET R RYE TR, SRARWPEERSEKEYEER
RE2~3MIE L.
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*2 PBPHESREXREFEETE (mm)
Table 2 Summary of water balabee for protectlve forest ecosystem
A} Year 2% Plot F Ic ET Rs SF AW, A
198K F 4 # . Black locust 731 365. 6 8. 16 —57.8 —43.3 —7.4
WM Chinese pine al. 6 344. 5 617 —70. 3 —54.7 —9.0
i Seabuckthorn  338. 4 §8.7 281.1 416 —1.8 —14.2 —3.2
B #t T #h David oscryopsis 61. 8 287.8 4. 30 —3. 1 —6.7 —5. 7
B Grass 5.2 216.3 11. 80 43. 3 62 7 —1L 1
#Hh Bear 176. 2 11. 85 88.7 67.0 —3.4
1989 %] B4k b Black locust 56.1 314.3 5.19 1§ 2.4 —6.4
M HHCHL Chinese pme 93. B 12318 5. 07 —2n2 —1k. 1 —-7.7
FPREPRHME Seabuckthorn  377. 5 72.0 303.5 7.54 —5.7 7.5 —8.1
B ¥ F o David ostryopsis TR. 7 7.5 7.00 —2.2 —5.8 —5.9
B Grass 1B.7 256.0 11. 54 47.5 55. 3 —11.5
#id Bear 215.3 14. 62 43.9 73.5 —9.B
1590 /¥4 H Black locust 87.5 154. 6 9.58 —2.& 0.8 —7.1
T #AHEH Chinese pine 108. 4 402. 9 7.43 —44.0  —26.0 —7.0
PR HE Seabuckthorn 441, 7 5U. & 317. 4 8. 57 —5.2 25.1 5.2
38 F o David ostryopsis B4.6 309. 7 7. 41 20.0 27. 3 —7.3
Bi#h Grass 17.8 258. 7 13. 09 79.& 75.7 —3.4
5 # Bear 220. 6§ 18. &0 113. 8 94. 1 —5.6
1991 HI4 FF b Black locust 73.1 354.9 8. 56 —30.5 —15.% —4.6
M ¥e#kHE Chinese pune 56. § 367. 8 5.93 —55.9 —23.3 —5.6
@M Seabuckthorn 385.% 77.9  259.9 4. 94 —2.9 3k 6 4.2
BB FHHE David ostryopas B67. 4 237.8 4. 89 7.8 12. 2 —4. 5
B H Grass 17.5 249. 4 11. 86 63. 4 4%.2 —5.&
# i Bear 183. 2 13. 28 102§ 88, O —a.7
1952 W4 HHE Black locust 76. 1 361. 5 986 —33.3 —11.3 —6.9
1% # i Chinese pine 91.4 350.0 6. & —26. 5 —10.4 —B6.4
e Seabuckthorn 296. 0 74. 4 289. 6 6. 16 -7 20. 9 7.5
B8 T # M David ostryopsis 76. & 272.3 3, 7a .1 26. 4 —5.5
BEH Grass 15. 7 195. 1 12,02 &0. 2 53. 2 —a.2
#Hi#h Bear 164. 2 14.58 108, B 105.0 —o.g
A B KR TR MAEY T EEEE.
40 0
30 20
- E 10
£ E o
=0 )
= — 1
—10
2 —20
—an —30
— 440 — 40
d6G780046 2 14 65 B Y4 5 BI04 6 8 10 456789104 6 G104 6 8 WM 6 BI04 6 § 10
E Moom H 4 ™oom
B U ek
B KRS s R A A IF bt

Fig. } Process of water balance
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Table 3 Distribution of water balance for protective forest ecosystem

H #  Plot r I ET Rs &F AW, A

Fl 4 ok Black jocust 100, &) 18. 87 50,74 o34 —6.32 —3.47 —1. 84
A Chimese pime 190, 00 2132 §4. 37 1.8 —11.55  —é.44 —1. 54
¥ F i Seabuckthorn 10, 0n 15. 80 75. 3% 1. 52 —0.76 3.68 0. 30
Fl D David cstryopsis 160, 00 15. 05 76.07 1. 32 2.m 2. 71 —1.31
H b Grass 100, LU 4. 3 60. 77 a1 16. 21 17. 33 —1.21
¥ Bear 100, B0 — 4918 3.87 15,68 32,26 -1.07

ML ERAGERATN, R ESRAREEAKIRAR. BHFHES &5
KGEFAKBFHABTFREK S BB EHRRTEAENZE. FLEANEE
BREFPFHESAEM KB EN. RPETREIEKrHHEM, CHETENET
A, EREBETHEIFMMBEKE. MUERLEEARBSHRAMKE REHE.
FERBEHKRT 1. BRBEHETEEY. KW FEWENREEEEN L EERH
BRI LK R MR R 5 A By IR RHET I E L KR DR
B, —MAE7.8.9 =M HREPFR, AMHEEHBSFAME R E M 1.51% ~
3.87%, AR KLRFEBRHPHESRELBIEEMNA THB T,

THEESHRERE LRZE K CRBNREK S ZRE. MR 2Z.ITAUEHE
MRAEBERANREERERK S CER 2 RE. RIBEENE XTHXE—FREK
e EFE s, XEREE KO —HEEA SRR LR EEEFFREEZRN
—REEKIMAT., SEFYPRHEREE FE LKy Efsag b FEH W
6.32% « T HRM Y 11.55%,

IR K K S e e R T B K Aok 2808 BB% . Bis KR A
MR 2, Mg X EHRerR, F KERER . R X B+ WK o b A
etil, AEMEREAEERE., AEB R, ZZHEE 12 PA K 3 FHK. 3.4,
10,11 B, efBE A B ERRREK S ZHBOE [ TREMIRE. 5.6 A
10 A, e B FRE. BREEKKS EHEad LFHA. 7.8.9 Aft. BRI HN
. BIREER K EHERT Figzs).

WEPTTR., FHEFHRESRELENENTRE KD LA aRRE. EHERA
FREE. HARZHHN. HEEK EEKym P, BEKS BT, 5.6  BTHERF]
BAX. AP ERAMEETREETFATEANM 0. 2~0. 8 mm. B AHEHBNUESE XL
EFAHE. 70 B FREMFEM S L, FHEHE LR BE LA B ZEHFER.
HEHSEHHREZERH. A LETHKMHEFER. AR ERRBR K CHRATAEET
Wik, M 3.4 HigfM10.11 . T ANEMEEENE. FKEHRLD. FUFEEL
FAKGHERBE N, TRFAMEZLEEKRBER LK. BEKS LB ETAKES
RFRE X KM EEREZ —.

4 itie

TE 5 a IS TR AN . B Pemmani{FAO., 19797 Fik it H B FI M4 HHAT{E

Fp 890 mm. BB F K SO T BRI M LR AR A TP 366. 0 mm, fTRAHE 381. 9
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Fig. 2 Soil water exchage 1n roct zone

mm, PP 306. 6 mm. FEFHEFH 309, 3 mm. EHH 249, 1 mm. PEHE 203, 4 mm. HIE AT
HA R AR 0. 41, I 0. 43, PEERMK 0. 34, FEET A 0.35. B 0. 28, FiHh
0.23., M EMFEMERTR, R FE~10 BHEIgRKE R 387, 8 mm. HHACTEEER
FMAFEKTHRZMEA, HERPHRESESPRERS. SERERENHE XS K E
Ko, FFLIER EMAFAMETES K> S8, EHHE K o FEEsEt
12. 3 mm. WIS E 26. 9 mm,

B W EM R EXKEN SN, REBFREIEEESE - THBERENSKETEH,
HEHRB 16%~9.8%, AILUHUAAX —REN S KEENPHETEEX PR ITEER
THHEFERAREMERESKE. WREFKMCETH. W HEEERFRX--FK
B. . MtHKr o HBETRESKE. ERFREM. NEESKEIRES
KL, 50 ~5 10OV R R KB R 120~200 mm,

REELL LS. IR F, RBESKERAT M HEK o g R 4 &
10~16 a(120/12. 3=9. 8) ~16(200/12. 3=16.3), M 5~8 a(120/26. 9=4. 51 ~8
(200720, 9==7.5), BIFFARMELNY LIETE 5~16 a FRERE AT HEHREE. /=&
MR A ER . X AR IR E AR S ERERRE R E B,

HTHEREPRESESEKTRIEERE. 0 CUREAERBEBEFFHELHA®
FEAXKBEEIRAKFERBIEEST. A XCHETREE S REEKBTEHBFERS
i"c[m]:

Ka = Eé. < 100 (6)
A Ko — KETEEFEAER(D: A+ RENTHEKTHIFEREATERE

(mm); E——FHERRZE (mm). BIFFADHKETEEERECTR 5 9, A
i 0—20¢ B 21—35: F 36—43: ¥ 46—55: BEF 56—65,
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Table 4 Intensity coelfickent of water balance fq_—_' .:Fg&:& ﬁ%ﬂ(ﬁ’gﬁiﬁ}%gﬁ ; %ﬁﬁﬁﬁ 2]
pak ] s vt wwT KOTRE: BREHEKGTREHRREZERE
Black Chinese Seabu- Dawnd ﬁ .

locust pine ckthorn  astryopsis ﬁﬁ;ﬁﬁ Eﬂ'{]?‘ﬁﬂ %ﬁ*‘-{'i’f’% s %%E %
1988 47. 6B 50, 11 37. 15 7. 83 40 Mo A LR I AR e AR Y K B
1939 46. 24 47. 62 44. 97 45.13 . N
1990 45.62 5195  40.83  40.17 FHRE R BT 19 0 48. 2050 ~50. 1974,
1961 49. 43 51. 20 37. 81 41.67 HESENESR., WHENFEEEH AT
1542 52,03 5. 08 41.41 36. 06 T B R AT A SRR . Bt fkk
FHEOas 5009 048 0T g EAEETREKRT &

Average
= B £ B0 TA9 3 40. 430 —40. 74%, BT 4

3

Year

Fpgg, FUKGHEEREAT LAERER,
S ob, A KR T 8RAE & et rT B AR K o RS Bt RE AR E.

Kb = Eﬁ > 100 (7
A Ko— KBETHRIERE (Y B ARWHNIRTH KT EER (mm);
E, [A] Bl »

LRFEMITESERAITRS . FREW #s5 RETEHFIERHE 00
ﬁ*ﬁﬂ(ﬁ’ﬂzﬁﬁﬁﬁﬁfﬁﬁ- E‘Eﬂ]ﬁlﬁv Table 5 Guarantee coefficlent of water halance
Homie B RAETER L EIAGHRE i AR Wk M RRT
SERM T, KD TERERS ; TMAKE . Bk Choee Sebu  Dond
f‘%!#ﬂj’tjlﬁzﬁ! %Hﬂg‘ﬁﬁiﬁﬂ‘]?}(ﬁ%ﬁ: locust pine  ckthorn ostryopsis
iiﬁ*ﬁﬂﬁiﬁﬂﬁﬁﬁﬂ‘lo 1088 —4,70 —§.83 —1.78 1.84

1589 03 —156 1.11 —0. %3

Eﬁiﬁtz' %ﬁﬁﬁ*ﬁﬁﬁﬂﬁ%km 1950 0.10 —3.21 2. 11 3. 37
B EMBIMABRAKEES. TITEZEAJLIFIHEE 1991  —2.12 —3.11 2.88  1.63
HRESTKENTE RS SHFRETEITH 1992 *l'fz —2.68 1'2” 3. 62
VORME R AR RS, BR SR, 0 TVE T v T

AHEEHEBRREK B ULERREKSYT
B, EREERETHSHOMMEIFR TS HEERE, &M% T 2mHR A s
FARAL ., XER LEEHPHERR B LERY BRI - EREE.

£ F X W

1 B BFEY AR EVHSEOEREM R, KFFEH.1088. (5): 8~15
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i dUa. R EWE SR, 1094, 4347

3 Cooper ] D. Measurement of moisture fluxes in unsaturated soil in the ford forest. Inst, of Hydrology Wallingford . Re-
port 1983, (6712~ 38

4  Yu Xinxizo. A study on water exchange in root zone of protective forest ecosystem in lovss area. Jowrnal of Beopeog
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