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MARPEEZESTRA (FfH. KRENMRE) HIAIT. MEKGESD, %%
SROHEELARRZN K, B8 AR SR 2 BN S MR REREE] & 1,
BT ATHE B 2R % R B TR K A RGE I R g . Sl 8 H eI 18k
MR, RRMERER SIS ER SRS, Kot EEmRAEE RS k. &R
BRI OANB 28T ARE , SARRD, BAESIHSKENNES, LS
B TR, 2400 BB v I 00k 5 R UL A3, WAk S U0 6 g e 1 TR EL 385
InRBEATVHIA RIp 5 R BLIX AR PR FHAOIR GB2s 1k, SERS VSR 0T 25 0,
PSDB;*DLM;* (0.3WD+0.7¢q); % MON=8 i

PSDB;DLM;(0.1WD +0.99); 2% MON<T B} e

Dwﬁw

(1=1,2,, M)
A

¢ B8



DSF,: i JepEsristUEs i/ ck* I ]

PSDB;: % i HBEScAE M GERD

DLM;: i REMMBAEN 1ZR/H, RdED 1R/ DHIHEAREEESR
WD: HRGE CR/F

g HEEKE (X

MON, i ()

10. AEHIOTTRE DR

HEHZHEECHRAELERAREBRBEDS B, HEPRETILTRE
FroRN, AW GIE SR T RERIR - X8 L AT I 55 2 AR
s (B, BAR. ERS) TRuMESYs AR, Ao REREE, KTHRES
fk oy oy R KRR, AT X TR RN SR, RIARS AFILIER (HEFRITR
F) MBRHZER Gi—&FECRR)  SEMA—FERERBRAE B oo iR, HiEGE
RERPEHMER, SRARRRHANEE ZS. ZELRHERRKEEREZRR
RS R A LA LR — 8, BERELL S B ARMB IR FTRREAR K, HTRIUE
R AE 5 FEAUW TN B M LB, A R R DA R WA LA BRIHER A E 2+,
HoMRBIMBESBETRETURE. RIS BEES &5 T SHLEEH
FEM B R R A, FHLRRBRT 5% 4E EEEWMERLEYERE XHRE E &,
7 K RWEALT B 5 e Ve FRBREAY . 02T X 4o SEAR AN R o 10 PRI, R0 v e 202 336 7 7T O TR
MBHE, W R B REE . [HATER R, RS 5 A F L MBRIE S,
RESGHENZREWE.

FEAR oAk e 2 ¥ 43 AR BR KB T 1 o0 R LA Y 20 AR SH IR BE S, B HRT Bk
PoloiE . TR G A M R R AR IR TR LR A L Bk (ER B E, 1980, R
PE AV M R #f, M SR ERE S CUATREMEKEERELUTH, fMAE
Y W4y RRERAEMISh 05 Z-L R LR 10°C LU EJF H 3 & Kk Bk B M B Rk & HY 80 %
DL bBf sy gk e, Hor R b R B A K BB R B R R R L, BEIR
T o 8 e PR A o SRR B 28 I A e K 2

05 % ST<3°CH}

DCT=J ST =3); % 3°C<ST<10°Chf 4%

Ll; L ST>10°C Bt
{01 Y S.<W, Bt

w_Wm
DCW=‘L—(}%)(—_—FV—; BW,<S.<0.8.f i (50)

13 &4 §,>0.8f, i

A
DCT: 3if B 35T o> iR f 2 br
DCW . A 3E&KERTHMEME
ST: 0—20 EXLEMFHIRECC




Su: 0—30 Bk LEMEKE GERFE

W,: 0—30 EXLBEESELAE (EREE

fo: 0—30 ERk L EREHKE (ZBREE)
FR, FEBER Moy R u :
DCLF;=PLIT;»DCM ;- (DCT + DCW) ‘ (51)

(1=1,2, ==, M)

Ko

DCLF;: % i M¥pX Bt %M ML/ Gk )]

PLIT:: % i KHAEDEWE Gk

DCM;, 5 i RBEUAEDBAE ALY RE, Ll RS RERE

S YEAR AR [FIZEAR 1 5 MRS 23 91 A«
DCRNF =PRTDN+DCMRN+ (DCT + DCW) (52y
DCROF = PRTDO+DCMRO+ (DCT + DCM) (53)
K

DCRNF: FriLFeM 2 MREIs/ Gk« D) ]
DCROF: BRIAFEAR 5 Rk Ck2«H)]
PRTDN.: WEBILIEMEDE G/ kD
PRTDO: REEBRIAZFEMEHE (54>
DCMRN: HriLsem e k@ oo i
DCMRO: PBiIHFEM B K E 5 ke oy gk

1. BEH. BREDBDEHE

TR AZ SR RER (DSF), it 2 K@i (DCLF), WikHAHmEs
BHERL:

Q%=DSF.-—DCLF,- 54)
| PLIT; |,.o, = BLIT
(1=1,2,, M)
FILFERMMA L4 RMRAWILT K (PRTDE), BHEKAME, TRIEE
Wi R 2D TR,
E dPRd—%}Y= ZH:PRTDF,-—DCRNF (55)

=1
| PRTDN|,.,, - PRTDN,

b AR R A KA PR IHTERR SR, HIIRE L ERRINE

WAEWE. BFRIAFRE—-EfERA, RAoKGEH (DCROF), REWBHEIBH

[ dPRTDO _
N e (56)

| PRTDO|,., =pRTDO,
e BEHL I 4G %, PLIT:,, PRTDN,, PRTDO, 4Bl 2P REDT B . B W
h1E.
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AR A Bk A LA A B R, SR A B 20 T DA T K PR RE 4 AT WL IR K
FEHEMHBA LML, RAMILEIEA RSB, SREEREEMSE.
o ] Tl v A ) 2 S R o L A AR R B R 7 RO, 1 AR TR B
BEE LK, WORE RWRE D 2RI, KT R AR, RILELSA, o
BLEHLEMIIZE, BRAALMEREEMER. Wik, 28258025 BAE i
THokf, AT RAGMEY ERREHERILX . B4 RS KA HE SR
WA &R E LI MR B 8. XA S LR, FBARLE 2P T AE.

FRBHEDHBECE X FIME, BERAER L £2. EREEMT, BTRAFL

£ BHEX
Table 1 Definition of parameters used,
¥ 5 10
Symbol Definition
Cy RERZENERAR
Roots (including crowns) to shoot transfer coefficient
C. EHRR GEREv EmEr R Rm sk E) ;
Maximum transfer ratio (maximum ratio of live shoots to live shoots, roots)
Tl R XM ERGEEE R E )
Maximum temperature for frost damage to live shoots
Timn *EERAREKBE
Minimum temperature for photosynthesis
TrnP %’n&{'ﬁm&iﬁ?ﬂﬁ
Optimum temperature for photosynthesis
Trmos XEERRNRE
aximum temperature for photosynthesis
SRS & {ER MR
Light saturation for photosynthesis
(o WEEAINZEHNE
Shoot weight when coverdegree is |
C. HEH (BE) AUKHZHE e 0
Shoot weight when leaf area (one side) is | JK*
PMAX HXEERE
Gross photosynthesis rate
PSR RERNMNEE=HIEL g
Minimum fraction of photosynthate leaving shoots
PSRuns BREBAXETHAEL
aximum fraction of photosynthate leaving shoots
Dmasz B EFERSEKRFTE
Maximum death coefficient for live shoots
Ds ERARKELE i C
Maximum death coefficient for live roots
DLM IR KRAES ) :
Maximum falling coefficient of standing dead to litter
DCM AE KRR

Maximum decomoosition coefficient for litter

[l b B Bk S R I (S SR (Co) 1 T2—5%2IAl (Sauer, 1978), 3 AL
A Ky TR o 25 SR T A b bk B B e . A K T B RN, AR R AR A b S
(g bk Gl s, DR BR IR i (R iR (C o) K5%, A T2 2l 1 i iRk L 3 5

e Tk o
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Table 2 Parameter values in the model for Haibei Research Statios.

s R

& XK 9o fy
Parameter FOSEEQN ?_-‘r::rassesE :‘%Edges 3 FOrb;— Unit
& PRRTS 0.0060 0.0170 0.0047 1/day
XCh PPSR 0.024 0.u50 0.022 —_—
Trfd TRFD 0.0 0.0 0.0 C
Trmn TRMN 10.0 10.0 10.0 °C
Trop TROP 25.0 25.0 25.0 g 5
Trmax TRMAX 40.0 40.0 40.0 *C
SRS SL1 450.0 400.0 450.0 cal/(cm?+day)
Cs RW 337.0 181.0 200.0 g/m®
o RLW 120.0 120.0 120.0 g/m?
PMAX PMAX 0.51 0.59 0.72 g ps/(g-day)
PSRuis PMNSR 0.65 0.65 0.65 —
PSRuax PMASR | 0.90 0.90 0.90 —-
B DMAX = | 0.05 0.05 - 0.05 1/day
e PLVRT | 0.0018 0.0019 0.0019 1/day
DLM PFDLM [ 0.002 0.002 0.002 1/day
DCM PDECP | 0.005 0.005 0.005 1/day

LA FER ISR L R W, AR ERAY o Co A
C. HYMRBARE R, C EHRERAMBEL C, HMIE (Ludlow 1 Wilson,
1971), Sauer (1978) fliit C, Wity RAYEWATR I H450 K/ (Ek:+H), i C, Kith
A 400K/ (JEk2-H). R A R FELF53. 8% IFIIE FC Midn, 4 2 K IEk
WA LERC, #ily (RS, 1985). P25 15 3% 0 Kt 12 J5 o 4 4 1 6 0158 B
M e, JOBEMLE LYRREM, BRI RAL, EAT AR M A
BT PR A A - A M ST, ACHU R B S S KRR I S RIS B 00 450 3/ (R
“HY, BERHEHL 400 R/ JEk B) o wfett i & IR ek, HOLEA &
i (25°C), BARREE (10°C) Rigmis (40 °C) FYE . o 1o AR 45 B 20 LM 4 K 2 b T
LY YR A TIE 2 60—120 B/ ok (Knight, 1972; Brown, 1974), % &% %8
EWEY KA E NS, TS, o B, BC IR K 12050 K2, BE
B 1 g ki kAR (C.) 2%, BE PB4, 1986). i
R (1985) JHUC 2R REAME bk, S8 Rt b, BB AR AR LR BOh 1:2.2, ik
BB AR g e, HHPERE SR AT R RAR AWML PIE 70% £ 455 —
BRARBEIA W B (PSRmazx,) % 0.90 (Sauer, 1978) , HR e Al 1M R 0 5
NI T 5Bk (PSRmim;) % 0.65. MAME KT R (Dr)) R v e
WIRF RSO G, 1985) (kWi w8 i KFETZ 3 (Dmax,) |, 51
Wil KT 5 (DLM,) . %Wk 52 (DCM ) BEXREEMERE (PMAX) 2
AR B A L Y 2 5 2 0 A g i 1 A TWPEABE, TR o) g %
(DCMRN, DCMRO) Eﬁﬁlfwﬁ?ﬁ?&;%%kﬁﬁgﬁﬂéﬁﬁﬁf%ﬁthﬁkiﬂ?-?ﬁlﬁljz.
MG GEIER ISR BB (Trid) BUko°C.

R2hRBFI6AS YRR, Wt P TR B B e B e 5 0 W B
Mix Fa FRLERMER o A28 BHLHREK (CiinCad)  BREATENSEES K
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(PMAX) G & e 5y B2 B (PSRmin;, PSRmaxp e kT, MR (Dmar;,
Dri,DLM)) REEWEKSRERE (DCMD GBS E bR T BERE*
BRBH0 , BB R WA IIE, AT DL BE 220 Ay 2 A B s e T
AR .

WU, BEAIZER Hr

T HB DR E LSS NG EMERIHME, DT M 1980 45 1 A1
HIFGE, BHAIS KBUCHIR, B ik AR IR o 4 ST i 2 e

A MR (2R A Ay T 2R SRR Ut 10 TR S R IR Sh R B AT . DR B AR AA R S W i
RETHRIRE], MEDEEREESHYRIENRA, TS Lt b TR
RAHE W, WRERERUEE KBRSERE, EATAMBEEDFHELL, HikTE
{2 U A0 1S 048 4% W 0 S R S R AR 9 2 B B (BB 1 20 0 . LR L B K I
Pl %5 (1985) 1080 45 75 7 28 45 ) W0 5 IR 158 2 g b U2 25 0 . DASE B I BE SR oA
ZAMR (1243%8/k) 1B 198048 1 A 1 A MM A LR, MG RAGH% 74% ,
BB IG AR Bk 920 T/ ok, FERLAzdp ok 323 /K. EME R LR
FRUER, WERSOBRIATER L S, BAATE AL HREE M M4 BHE) TR S &
S0 . AT A R RS AL A B R0, PR T B L o R, AR B A4y
B b4 b oy B R B (A0 & 1 S0 M B R T L . B 1979 4R E 3
P My K U (LG 46 2 BE M0 2k W B A bR R BCHE, DA 1980 4EPURLIR, RE b
e =17.26%:30.71%:52.03% 182, T/, B3 198041 A 1 BiHHR M BIE,
REH 159 /K2, DBk 282 5/ k2, Feih 479 %/ k2.

EERREY R RIAUR KB E T & RN LA B EEM SRS, EIE
—ERELENEET Rl L e R R AR, Eil, #REERAEDEDRE
R BB . R R DR T I M TR, DA5A 2 TR T 300 B o o T
T T £ & i 2K T e L B TR T SR M

(—) & B8 B

Wsh A BN E SR RS AL, A8, DEMBRHRENBEDRE™ 55
R T, O AEGE—RAGEFHRGEE R, @Rk RI SR 5 H AR L
P, RRRBEENRGE e, @RERANRRILET EE R ELE.
1980 AR LIDFEHA L, RMOAFR B, 1981—1984 EHRIVEFOH X, FIH
i b O 3 S5 4 4F RGN 3 sl PR B A B B S 5k 76 S B AU IR S 1 T B LU 5
[Erobess, SHUHEME RS9 mA KA — 3R RS IE ST, T 8k/b 1981—1984 4E K
BN, 2B BRERAGEVNRNEE, BRAGEBEAK, REQHFRT B
FAD7 YU, % Pk, ST A i s B I B B i e K R T R A 2k
BEHRBEEE, HFRAEERRE. :

5 - HF BRI 2 A K E R (W 5, AERIFEEAERO—30EX LB
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A& BRDAELE 6. SXBEAREHAGERLE 7, REzELE . dTREHH
HEGERABEEZBBESE, GEHEE, SRSH S tihs.
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1.0 1834 3658 548.2 730.6 0130 1095.4 127178 1460.2 16426 18250,
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' Time(day)

EH5 HIBHKBMAREHEESE
Fig-5 Average daily air temperature and average daylight air
temperature in the plant canopy,
1: %if (air temperature) ('C); 2: ZFESE (canopy air temperature) ("C)
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Fig.6 Accumulative rainfall amount in a year and average
soil water content in'the top 30 cm,
1. hERERE (X (soil water content) (mm); 2, SE 2T FEKE (234)

(accumulative rainfall amount in a year)(mm)
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Fig.7 Daily radiation on ground and da‘ly net radiation in a year,
1. BIEMEIRSILR/(EX?-R)] (radiation on ground[cal/(cm? . day)1);
2: BHEMIE/(ER?2-K)] (net radiation [cal/(cm? - day)])
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" . i " A . L 4 i
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Fig.8 Average daily wind speed (m/s).
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Fig.9 Comparison of simulated standing biomass with
ohserved standing biomass for grasses,
1. BEIOME (5 %2) [simulated values(g/m2)1; A: MHE G/ KD

Faheerved values(g/m233
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60.0 |
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A 10 PREAEADRELE S W AE b
Fig.10 Comparison of simulated standing biomass with observed
standing biomass for sedges.
1: BIRUE(PE/K2) [simulated values(g/m2)1: A: MIME(FT/¥2)
[observed values(g/m2)]

W, FAEBMBAEA 1980 — 1982 45, = RFEEMAEKDEMBZSLFELEEBSELR
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Fig. 11 Comparison of simulated standing biomass with ohserved
standing biomass for forbs,

1: BERME GE/%2) [simulated values(g/m2)]; A, WAE (3/32) [observed values(g/m?)]
XARERMT 1982 /£ 5, 6 AMMAEIET b SER, MrAEKERK, AEEAR,
DA BRI, AU o 5 T R M A, TR B AT 5 4 S (e i
TRIVREWITTE AL, NI 9 08 11 A3 3BT LAB H, B 1982 47 Zu 2 b7 b Hy S
BYSITE 5 BRI IR BBk CIIRFIR 25K 24 %) 5b, Hod & ARRS 1) 15 15 S0 M 20 e 52
TR, Bk 1982 4F B F5Rh, 46 4 BULAE2E My 5w T 1 BRI ) 0 RS A 55 TSt 4237
AR TR B ety R R L DU AR B (2 3), KRB RIME RIS g — %
FETEIF. R 3BEIR, G050 00w (ST A7 e Wy B e 1 B, 1 B 4
HPEAS A A A N BHR 0 R e B, - TR RE R 45 (6 2k By B R IS 15 10T

BRI NG 5 EREMR GHR + R LW T Y 5 5 WG i 1 i
WLEE 12. B3 A URAR 2R A B i MR 2k g S0l 28 150 o L0 2 s 38 i A —
B, BB 1980 E5b, BORMERE. WMBIRERE DA K, 1981 F11982 4 MR FAA
PR 1980 RS HRE, —BHEXE. i, AR BIE T, 1981 47 5 B RIRLE SiH4 55
BRRIG R E M R TEE AT 1980 484 R LR I 0B le, Sk BAREA TR, B b &b
THRBRBIGR R MES I, ST B4 19814 6 ARF 1982 £ 7 AW
RHEMEWRMALTERERY, HEISREREABRAEY AT o4 5k
PP A AT R SRR — BV o] REJE 00 B 5 2 10 22 S5 A0l 32 v B 38 PR TRATTIA 20
1980 AR UL AR 7 A= g A K o 2R R 0 T S 5, BE A AR By A S 5, S — e A |
AR AR (400 B 2% 2 4 P A

REFEGE T EROUE SAMER L EILE 4. MRERERR DA EGES S/ &
BB WZEE, FECRARNSMBEEATATEN, Eik, SRR RESE B NS TE
4 TR, Rbie UL, B4 e e P LB 25 T A A A 3 0. 1980, 1982
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Tahle 3 Comparison of observed and simulated aboveground biomass peaks for
each plant group.

EFEE | R & v = P &
Producers Grasses Sedges Forbs Total
S D S D S D S D
PBL 50.51 — T1.42 e 134.75 =2 247.53 —
Date 1X/4 — VIil/26 — VIII/13 = VII1/8 e
1980 PSDB 55,49 51,20 90.31 91.08 152.80 154.32 294.30  296.60
Date 1X/13 1X/1 VI11/16 1X/1 Vi/27 1X/1 VI1I1/30 1X/1
PBL 89.69 G 70.16 == 138.22 — 266.66 —
Date 1X/5 — VI1/271 — Viii/12 = VIii/13 —
1981 PSDB 98.02 101.20 80.08 87.20 153.46 141,20 323.30  308.00
Date 1X/13  IX/14 viiisz  Vi/i4 Vill/2s VIII/15 Vii/s1 1X/4
PBI, 0.8  — 33.33 — 83.39  — 178.39  —
Date VII1/30 — V111/6 — VIII/17 — VIII/18 -
1982 PSDB 705 82.68 45.87 43.00 98.86 130.32 220.87 230.68
Date 1X/8 1X/16 VIlI/24 VII/16 1X/1 VIH/16 1IX/2 VIII/16
PBL 187.15 - 69.60 i 126.39 s 349.53 =
Date VII/30 — VIi/22 = Vil/6 — VIII/14 ==
1983 PSDB 203.33 = 75.83 g 137.78 == 409.76 =
Date 1X/13 e VII/9 = ViI/22 “ 1X/2 e
PBL 236.42 = 85.20 + 102.67 = 394.02 i
Date VIIl/24 e VII/11 — VII/29 — VII1/9 =
1984 PSDB 253.68 £ 91.96 = 109.26 e 449.23  403.20
Date 1X/11 — Vil/21 = VII/19 — XN —-
PLB. mHESEDBEMCL/ED PSDB. FLFAHRIEE (GE/K?)
Living biomass peak (g/m?); Standing bicmass peak
(Living + dead) (g/m?) ;
S. B 3l | D. M @l & Date:. H#§ (A/H)
Simulated values; Observed values; Date (month/day).

AR RME TR A X —F AR, R 1980 AEAR LI s HY SO E P /N T — 2%, i 1981 4R
P IR FAOUME, Xbif2 1981 ERMERSCSIEN. BHER HRBLET R
AR R R A .

TGP TEAR 4R 4 fR 280 265, 198 14F ML B R B B 2550 i (1984)5 /1 23—10 A
12 3t 142 RAFERMIBOR T, KB R R Sid BRIN I, £ 48 40 7F Mo ia) BBl
WA RRENE, HOZBM RIS R R T — R —E s, DRRERLR
WEESRE. LR GOBER ST R ANRIMEL, BEHEE B [,
B 45 29k 4> AR ORI K EE A MR BRIZET AR R EH R Z M0 5 55 R8I, Bifi £k $h
FUEBARSE 1A AN RBREE THEE AN SRR ERE, 1980 MEEKR
Brh BE BB EEIER, RTHERN S, FMEFETRRNE o BFELE A ME s
fR e TR G 0 % o R SR DO S0 T DAL MR SR P o T M. $R 0k DA 1981 42 iy 8
oy fR A &, I T DR ECE B b oy R AR 2y MO A B . Bt A LR IE M BRIF 3E
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FE12 BERAMEREDRENE STWHELE
Fig, 12 Comparison of simulated total root and living root biomass
with observed biomass for the community,
1. 23R GEM+TER) EHEEHE  (simelated fotal root(living+dead)biomass)s 2. 3ERLAEM

E&NUE (simulated living root hiomass):

A EERAY B RME

(ohserved total root hiomass);

M: EHEEHBEMIE  (observed living root biomass)

T4 BWTREAFSEFENESARERNER

Table 4 Comparison of observed and simulated net production for underground roots,

B4 (Unit) J2/8 (¢/m?)

£

-
|

Yorie 1980 1981 1982 1983 1984
el egmal T 789,96 538.15 859.96 889.40
FRFE = | == = 1 o

Observed values | 654.00 948.00 | 386,20 | ;
®5 HEFHEERNIBE
Tahle 5 Decomposition ratcs of rew dead roots in the same year,

5 T
Y:ﬂi | 1980 1981 1982 ! 1933 1984

ear i i X0 EHE ‘_. B

A ‘ g i \
Simufated valoes( %) 46.0 } 52.8 1 48.9 | 47.0 \ 38.1
A e ‘ 42.9 e ! g =

Observed values(%) g

J J

iiTop

ST EECEEE WRIERSEE, 5E IR B EE e kgl o,
BEAE KE MR LMSEE N RITE. BR8P, o REA—,
. IZBRMEREREEEIEEE, EEYBELRN SR ERIE. Bk,

ViR kst
1B ¥ 35 B R]
AL

URL 5 0 R T 5 A T T A S R B T B A T
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TIRAE.

THEKRERNEL, ZEEHEENEYREREFEANEERE, RAHBLAFBLZHE
BB EA . LA KE, MAEEAK, ZREEWEREREARRINE 2184
HY AR RSk EBEN A KE, MiZEEEESKENBIE, RIEEHDR
EFZERRGRUEMIEEGERERMENALSBROEEES ZEROBE. b THEW
R, WE 6 LEas kSR hgEA, 0—30 FER L EAKEMED S SRMm (&
—H & THE 13, 1980—1982 F A RFEF 0 5I1H 5—6 1FAEE, HTaHS5EH H#
S L, REARE LIRARE, SHE R hE B, o H R 5 E Mg B /AN TR
. XA LRHER, fildn, RREFEHFABIFERRENIANT; SAdkES
ERBR EREER, BAREBREZEE, mERDRK 580 &M, B s
FIEFRRBALBEMRERKBITALEEKE, MENEFRACHE, MBEEE B
W, HEERRESTHEE; S%.
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£
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Fig. 13 Comparison of simulated and observed soil water content in the top 30 cm,

1: Bl (simulated values); A. M{il{5 (observed values)
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Table 6 Vearly sum of producer processes for simulations at Haibei

Alpine Meadow Ecosystem,

o e s

Producer prmesses 1 1980 1981
i
Available total radi-l 151.59 | 151.59
ation
AL | =
Net radﬁ?ation | 112.56 | 112.56
EariEat
Intercepted radiationi a8.11 | 32.60
SOEMREET |
Intercepted radiation| 33.62 | 29.36
by living plant
MK a7 T
Precipitation | 497.70 530.39
SESEHA
Average yearly air =208 | =073
iemperature
HYEEER
Gross photosynthesis {1143.41 |1389.79
T, =99 =
Rispiratiof 175.23'| 273.64
e fER .
Net photos?nthes‘s 9ED. 15 [THIR-25
2y ili IR T Y
=) :’ﬁ a o
Bioma?s flow to sho- 283.79 | 92157
ots and seeds
%ggg(@ﬁ"ﬁi")
'zi. bl P
Biomass fltljw to roo- 684.40 | T94.87
ts (including crowns)
FhT- i I AR R =
Seed-{o-shoot flc;;:rj 3.56 3.61
T RARREDRR
Sceh-to ~root flow g 8.28 §.42
ﬁ?‘? Jlum‘:}“ﬂ'i‘/_%%ﬁiut | a9
: Roiot— o-shoot flom 22.57 | 19.33
AEHAEYRE
Flow to [ill‘g; 72.59 | 76.30
Hi | S 4y
Aboveground net 309.91 | 344.30
preduction
HF R A
Underground net 670.11 | 783.96
production
R
Net primary 9580.02 {1128.26
production
EHIET: o o
Sh?;c}t Sentl 309.91 | 344.30
BEET i =
oot death 62{‘.21 6J4.70
TS
Deccmpositicn of 4.01 6.31
litter 1
FEAR Ay B |
Decomposition of | 360.98 | 438.34

dead roots

1982

151.59

112.56

36.38
27.62

463.14

910,80
146.38

203.23

561.19

11.07
34.11

66.59

242.09

395.0¢

1983

151.59

Bk
o]
Loy
k=1l

41.43

538.88

=1.8

259058

1313.56

909.10

3.26
7.64
20.78

83.89

428.80
895.94

1324.74

428.80

710.00

5.09

11435.24

1984

151.59

112.56

46.17

AT

1593.02
264.92

1328.10

894.41

T80
17.08
22.09

82.05

463 .34

889.40

1352.74

463.34
865.77

2029

407.04

HE

15154

-1.61

1322.09

223 .08

795.51
1113.20

357.88

103435

4.77

407.73

Nean SD*

Faikae

0.00

0.00

4.61
2.19
2613

0.70

261.63
BZLHS

212,54

83.21

80,03
136.58

214.92

86.05

86.13

LK ivg
Unit

| Fr/mxe

keal/cm?2

TR/EXK?

kcal/cm?

TR/EX?

keal/ecm?

T/ R
keal/em?

mm
g

EFEOR®
gdry wt/m?
TETER?

g dry wt/m?

RTH/R?

gdry wt/m?

TR/ R

gdry wi/m?2

HEE K

gdry wi/m?

ETEE
¢ dry wt/m?

FTE/R?

¢ dry wt/m?
T E/R?
g dry wt/m?
TR K
e dry wt/m?

|k
g dry wi/m?

T EOR?
g dry wt/m?

wEER?
g dry wi/m?

T E R
g dry. wt/m?
T EOR?
¢ dry wt/m?

T FE/R?
g dry wt/m?

TTE/ k2

g dry wt/m?

0,00

0.12

0.17

0.05

-0.43

0.20
0.23

0.19
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= - 5b [ ‘ ¥ g LA LRAY
Précz‘_élt.u:zT p:t;cesijés i 1950 1981 1982 1983 i 1984 | Nean | SO* Unit ngV**
& =t e i Pt PSR | TR W S |
HEEFIHE | ‘, |
Utilization rate of | 0.26 | 0.30 l 0.21 R i 0.30 0.06 % 0.20
radiation i |
ﬂﬁiﬁ"fﬁﬁﬁﬂﬁﬁ ‘ t |
Uilimton mateof | 0092 0102 0.072 0.127 0.137 0.108 0.02| % 0.19
aboveground |
ﬁiﬁﬁ%ﬁﬁ;j’ﬁﬁg _
Utilization rate of | 1.18 1.56 PTG - OE 28 A0 2B 5 00 TH AR T % j2:0:11
radiation intercepted i
by living plant |
|
ﬁﬁfﬁmh!m1im1 196|151 | 1500 ‘M8! | sl tedayii) .06

*. PRMEZ (Standard deviation) ;
**, TRZEH (Coefficient of varietion).

1. BkMMBEEFHEE

MR 6 FTLEN, MBETDESERKELREY, B4 LLEME. fim, 1982
AR REAK BB AR TR 1980 4Rik/ 34,5628k, HHb LYk 7 sk 4 67.82 Tk (F
B, TRD; H& 3 ERARYET 80 4, MMM EAERS BN 345/ k2. A
Pk B 192 0 RAE KRB MRk P i s, LIz SHbPes (b, filfn, 1980 4
551984 42, 1981 £ 5 1983 48, Rk BRAEMMT R 10 2Kk, Bih Bk 4y
ARG 153, 4358/ k> 184,505 k. HEEREERASTROEN. SELQ5E B
AMTIZERYE, &2 01 ABKE 4 A) SRED, Bk BRL CEH S A EH12%),
AR R BE Rl R RA D, Fl R R4 ARERALSE,. BES
XEF, MERRLBNRE, BEOKPEL . E20 SOMRHE B AR 20 1 R (4 - bk
ZmRIRE, IR BRI INIEREK, MR RUR I SR . B Nk
SEIRTHE TR R, 05, 6 AMKRE FhSs BBk iR, e 28
Wi e IR, 5 BRI T K, R & AR =, B 5. 6 M k 3
WREFBRBRK. HEEAEBENAS LR CTPHE =1.6) G337, 1939b), I
RIEAAT, AR T 8. 9 SAABKERR, Mok R mms: o % W i 4
5.6 AMFERE, A5, 6 AMKRBILEA, HEEKBBILEK B K. 11980 4£
(AR 5. 6 ARRK BRI 57 171 2k, LA A B h 69—73 2K, i 103448
5. 6 AREAKE RN 10971 73 22k, Ak EE 73—76 28K; 1981 455, 6 Ak
By 12 1105 2ok, LSRR N 59—77 2k, Wi 1983 455, 6 ABER B4 A
3098 K, Mz 4 ARAKEE, +HEAKESK 73—75 2k, 1980 A1 1981 £H 5.
6 AWEsRIZ 53T 1984 11983 48, JuL 1981 45 5 HRRA 1A 12 A, BB R iF
B EREKRANE, 25, 6 ALMAKBHERS, XEREIAE KA ELT & 2
WIRR BEAR ] A5 e k23 We ot 4 Gt 7= h A M B T AR ek B, fild, 1984 4 I P Jk &
T 1981 A2 24 2ok, {01984 R4 L DB A = RN 11955/ K2, thfL 15 1984 5,
6 AREALTET 1981 FHEBEXR, M3t 1984 48 5 AR Y 109 2k, i 1981 4 5 A
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U 12 k. RREMMZESE RSB ERIMTRERMERE, LT R
HE 4 2] 2 P 4 2% .

P LT A3 BT ' DA I X AR IR MekarBD, RHE 5. 6 ARkaoi, X m
ERAMREFIMEELUEE5FRAERSERHER. —RUDR, FRKEHE W
Az p= Jy BEZ 0, B ZWE ek o3 AR T RUNERER B 2R A2 RS H BT
PR RE SRR ARIRZE, HEAMRIOER. B, 1984 4L 1980 £REK & U fn
2%, Hb R DI 50%; 1981 451k 1984 ERR K EHEINS5%, HE & B %
FE P ROTIPEAR 262 . RS KB RH IR B AE RARGHER, HEUXTRD &
B A AE.

W5 ERREREERE, R AR EEGET 4 {E 497.70 ZRAERE R E
B 30 2k, ZERRBAE K GE6), FRkRILERE TkkAIER, LHEZ
5. 6 Abe/krBCESEEK, Bk, FARAS A, 5. 6 ARAKEREWEE Ea
R R A

2. BN MBE R W

AR AR E SR, ETHEHREN-2°C, R TREEANEHE Wk
M AAT KRS E. BESREEDEERLA, WREZEN.TE F6). BEREEX
THEWE, EREFNVRINAHFEHEGEEKRARKBENRS, w7 AL, &4
BRFEHEERB TR 20°CEA (H5H . Z—HFRMETHRABENAR, B— jmﬁ
Mg/ T IR 35 D 1E BRI R B 20 fofE B, Bk 48 ] SR 28 fe 3t g A 7= 1
WM LR KRIBRE . Bildn, 1983 4EEL 1981 KR 8.49 2k, 1983 $£J{< $
WPk i 1981 ‘E[RIBI %, BAREHSEML.12°C, EREEE 10 £, {H 1983 4
M LR LG 1981 AR il 84,5058 K (3R 6) . HkSiE B/ SKEME, BA
Bk & g E R EME 7. 44, {tw}%{#ﬁﬁfﬁﬁmxﬁﬁﬁﬂﬁ%&, &
TRt R Gk = D IOIR iG, 1984 45 B9 0tk & ik .

3.k 4% #H

FEMASEMABHEOkSFZREF TR 7. hREFERM 30 ERLLT £ B /Y
B (O ZABEARN 10%, RTFHWOY% (R-OD HEHAERATFAA. DL KK
B AR Al R TR SR ¥ g0 Gl = Hb b i A 7= 4 B TR B A B R N T A R R
SFARER. (R-0OD [PN bkl bk FREER, 5 ENBEND 225K Z TR,
FfﬁﬂisJ:’éﬁSH’-Jyk%ﬂJﬁ&ﬁt%s ((R-0D [PA) ¥l K 13284/ ST PR, WNETHLLF

, it R/PN, R/PA4, B/& (R-0I) |PN, (R-0D/|P4, BEEKREERHE
H, sy P S, EFEEE TR KD, XREAESEHERERDT
wWEE kSR, BETLESKE RFREVRARRESBKREEKS, R
AR T HER. K2, m1982 FEHFEREE, BEARLELR , EBE
BAL D, HESABBEE, S BRHTEDMERET.

TS/PA FAEw i LB THR bRl ks, I 1984 4280/, 19824
Rz, 1981 JEBi (B D). 1984 4R AR HEHE, BAERM LM E KERE E
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27 EEASHA

TahleT Yearly water nse at Haibei Alpine Meadow Ecosystemi.

R i | e [ERER

ProciEation (R)tomy | 49770 | 530,39 | 463.14 | 538.88 | 506,21 | 507.26 | 26.73 | 0.03

BE (SR :
Runot apd A (RO | ad.s | e2is0 | 46,32 | 53.89-| so.63 | szt (s50 0.10

Available O R | 447.97 | 467.80 | 416.83 | 485.00 | 435.59 | 454.66 | 20.68| 0.05

LA :
Evaianoffmng) B | 220,26 | 20140 | 250.87 | 204.23 | 201,42 | 21744 | 49.73|  0.09

Transpication (1) (o) | 218,46 | 265.05 | 162.65 | 302.18 | 251.10 | 230.93!| 46.97| 0.20

1t

RERE R - | 47 10 | 466,45 | 13,52 | 506.42 | 452.51 | 457,32 | 30.09| 0.07

Evapotranspiration (mm)

Net primeny oromotioa i pNy ™ | 980.02 [L128.26 | 780.24 [1324.74 [1352.74 [1113,20 [ 214.92 |  0.19

(g dry wt/m?)
B E¥eaErE SETE/ K
Aboveground net production 309.91 | 344.30 | 242.09 | 428.80 | 463.34 | 357.88 | 80.05 0.22
(PA) (g dry wt/m?2)

R/PN (g H,O/g dry wt) 508 470 594 407 314 | 471 T7.46 | 0.16
(R-OI)/PN (g H,0/g dry wt) | 457 415 534 366 337 422 69.54 0.16
R/PA (g H:0/g dry wt) 1606~ [1540 ~ 1913 {1257 {1093 = (1482 285.11 0.19
(R-O1)/PA (g HO/g dry wt) |1443 11339 {1772 . 1131 983  [1228 256.02 0.19
TS/PA (g HaO/y dry wi) i 705 770 672 7035 542 678 75.43 | - 0.11

*. PRz (Standaid deviation) ;
**. TRZH (Coefficient of variation) .

(B 13), LRARPHMNEESRERERNE REFB eI, LAERLES
BSgw P RMAE R, koF RS R, BHEESAERR S, HERE, KB
FHLYr. 1981 711982 /L KB BB T 5 (& 13), 8 KL=, AAT R GFE.
1981 24 K e IR i, SR HAE R H AR RS T e s AR sk 1 & 3 #1
m,%%F%“m%ﬁﬁuﬁﬁhﬁﬁﬁ%iﬁ,L%%ﬁ%ﬂ?%ﬁ%,%ﬂmﬁﬁ
K, REEBEEM RO BIHETS, BBAERRAZF, KERMEHEh%4E
%‘ﬁﬁﬁ%h}meE,zﬁmwm~IWMAﬁk+ww$mE® hitHE
Ko KEREBAKABFBORE, SUSHESEEOREER, Wil SkAS 6T %
RKEZRTE TR A B N PRI B A R AR . BB A BCEBE b 67835k /T
J%.

R TIBE IR, B 1983 4 SbEAE MW FI AR A S5 A FEIZE L2 . ¥ 1983
FERH, FHAMELES KR, (54 1983 EMHALE BB T A4 F H & &,
HHBLHE, LT DWAT IR . RIB M Bk UK I A T, S mak
B EA T BT EE I

4. XEEFIA

TR R PR, B2 E, (R kA% et i, 5*%)]?&
HEFIJEREFIHAR L 0.30 2 oA, 3t B2k 0. 106 % 245, JE B8 I RARIR . 35 e 4o e
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EA (RS, AN, BB BN APEEM R, R 100—700 4k 3k B 1 3%
HERIA M MMALOERE, LB RLY S SWMN 5%, HEE & 1k MA Fokse
HE, RR &SRR TG 2.22 1. MR OREREEE, BES B K
W KR Bb CE3 148 ), SRR BRI FE 50 R G B oA A

Wdn kg, RA B RIA PR R A AR IR, K Rt
ABESRA T TR . RIS 44 >10°C BURR At 300 °C, A 30 %,
1980—1984 #-rp 1981 £ X B, >10°CHURN 554°C, KHedh 50 %. F LA A& g m
10°CERJe & M R SRR B, ARIEATIRZINA PRAR A, MR HEFT A T SRR B
A%. ERMTEEEGAFR L RKIE A KEERRETHRTESE, ey
TRABRIFERTAEKME, EHER2EFFHRE >10°CHAYK K X5 %
148 KEA.

BEAGHATE, AR SR A R B R B kMR R T e
WA BRI —

5. X&#R. FRULSR

1980—198448 S BB A 16 FHh 18220955/ GR2-48), %A 1EIS 1 098.163/
OR*-4E), PRI 223.9358) OK*+4F) (K 6) . RIRAR & LG A 1 JAID 17% . % ¢ iy
TR 2000, TR HCAGR A S5 A A5 A S b b, 5 280 ) WD SR A 7 VR IR T 4 2 7 i3
g, 3 HL Pl i R G AR IO R AR R Y. B EELESELIE, FHEHS A
SRR BRI 2K GETHRE BRE 14.4°0 . ARKEERE, N2k i 4
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Fig. 14 Dynamics of aboveground biomass for grasses.
L: japy&dpit (Living biomass); 2; 3rff#pik (Standing dead biomass);
3 &HIAFAYE  (Standing biomass(living+dead) :
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Fig. 15 Dynamics of aboveground biomass for sedges,

1: iEfgtedit (Living biomass); 2: dfisE#hfit (Standing dead biomass);
3. ZEoltsEt  (Standing biomass (living+dead))
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Fig. 16 Dynamics of aboveground biomass for forbs,
1: iEag&hRE  (Living biomass); 2: “rifiZE4pfit (Standing dead biomass);
3. 4WIGAEHE  (Standing biomass(living+dead))
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Fig, 17 Structure dynamics of aboveground living
biomass in Kobresia humilis meadow,
L: R (Grasses); 2: $E (Sedges); 3: 288 (Forbs): 4- & (Total)
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Fig.18 Structure dynamics of aboveground standing
biomass in Kobresia humilis meadow,

I: KRB (Grasses);  2: PHEL (Sedges): 3: Zu¥ (Forbs):  4: £ (Total)
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Fig, 19 Structure dynamics of root biomass(including
crowns) in Kobresia humilis meadow.

REFEH (Living roots of grasses); 2: $EiEH# (Living roots of sedges);

: 64.0

it (3i/%:*) Biomass (g/m?)

80.0p

32.0r

16.0

: REIEM (Living roots of forbs): 4: £&PiF#H (Total living roots);

5: YIEEIRFEM (Total death roots in the same year)
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Fig. 20 Structure dynamics of aboveground litter biomass

in Kobresia humilis meadow,

1: REMEY (Litter of grasses): 2: PEEFEH (Litter ot sedges);
3: RS (Litter of forbs):  4: IPE%EH (Total litter)



70 %6 ARE SR RIS R, B ERET O], EFHk Lo 2R IR
SHARS. Gildn, 1983 f1 1984 £k B srEoLb o 5I% 31 %M 33% (F6).

6. RELVBENDE

RE, BEMBERFNL LAY EaE S PIILE 14 BE 16, BEEb L/Eg e
Bah&AE 17 2K 18, M TITHRAEWELWIHERE 19, FEHh EAEDEY RE W
FHAEILE 20, EL s FARMHHEFTERSEE @i LRSS AENEHER (&
17 £ 18), AME A Sl Bl i £ X BB A W B4 L6, HFEME — £
(1980 4£) W& hREILGIRD G1%), HPEKRZ B0%), REEDP 19%); KL
FERRFELLHIBEB R, SEMBITE LG TR, AR TREER K. $ 1984 4 i
HEd R USRI 24%, B 20%, MAE S 56%. MR THRA A ENE
EWhpREWDE R TR LGS (B 19 8 200 . A ATEEH &M TREE
Wk A XPE B R KRR R, L TEHE 405 LR, BLERMKE
R, GO, SREFSTMEE, BEmEkusa. ERINEERNBEEET, Bl
B4 A5 7 S S RN, R IER KK E Z 2GR/, B O E LM
BAH—E. dofEREREASJEERLZED, 26D, SIBRALTA
RAFEAHAR R, AR T REFERREMIHE GEEMA S ), BT M4ERRERHER
VAT, BeAh, RECWRE AR Z0E 8 A w 0 R R i, R T R
ERREYR, BRI T RAERERAEF D, i BEREBOb B, X B IR R, R
JUPHAR TS, HiRA Log AT A2, BB 1o 75 B B bk & B A PR B 2 IO J B2 B
BBE D BRE N, W EEMRBZETEN RIHREAT) EBAXASHRE & R #
(%2, REBRPEH—-BEREHERMTEMNRER, RELSGRAELHE T H
20, Hit, BEEHmmA. PERAK. —BEERBERTEHE, WRERT ITE N
ED REEAZEMAERAE, BHERBEEEAERMNER. REHEE A0 E
REKEN TS PEFRBMAL, MPEMAERBEDVTHREEHSEWNHTE, &
R EENREEEREMNNRE MEKERK REMELOREREREL XTH
3R A A A SR RE I AL RS P S AR R AT R A R R (R, IR RFELL BB R, &
WA AE L BB W, EELEEIEMRHIE. SR REWEE RS MR P L RE
A, HOLRT N BB F FRiE R R R, RIEEEA AR, REDFEER
e R P LGB E TR, BREREM 1982 450, PDRARM ML LAY &
EEEAK, BEEsm/ K AL (E17—18).

B2, HERETHESHORBDEHLEDEIEGHAR-EEFEMENZ |/ M
H 354 55m0 3% 1R ge i (.

7. HKEE :

i DA A P % TS A A R AR bR A IS, RBIFST L AR AN 4 il iR
.

1980—19844F 4 J BE R BEVE W i BAHE )] T4 e fl K I BL A9 % 8. 5
AR Sk A 8 1 M I AREE RO A R, KA 1.38—38.16 Zial; B % £




YL GEMAIER) MM TSRS T o BEBIR A, JEEb 1.80—3.70 . &4
P B BURBOA PR ROR A S22 B 4, MBS RSB SRR —1 7 ) GEI)
8 A GSLi) WEBIEECESERA, MREMREBERE—-4H. BBk, #
AR, B, ARLEE T B KRB 1982 48, S EBUSERERE 8 A

F: ZEVABRHERENAEYENEE
Table 8 The peaks among average monthly values of leaf area indexes

for each plant group at Haibei Alpine Meadow Ecosystem,

! 1980 | 1981 | 1982
GrY | sdw | Fbo Totald)i Gr | Sd | Fb | Total | Gr | 54 | Fb [Total
RS frl |
il v § | TR
i& # | Peak |0-39)0.58|1.06| 1.93 ' 0.64 0.49%1.08; 2.13 '0.51‘0.24 0.64 | 1.38
Living A | ! i : .
BABE - Lidbag 14 B 1T | ool B of 18 A yin8v ey 4 Balesii e al e
. ‘ | ‘ : | 1 | ‘ [
W i u.4slo.74|1.23J 2.38 | 0.81 o.st;il.zzyI 2,61 | 0.64 | 0.37 | 0.80 | 1.80
Standing A | J ’
ploat ") ‘Momtn | 9 |8 |9 |9 RS DR b SR Y
! |

1983 1984
| Gr % Sd Fb Total Gr Sd Fb Total
- e ; :
1y | Peak 1.43 0.54 0.98 2.82 1.91 0.70 | 0.81 | 3.16
Living A
i ) 8 7 it 8 7 7 8

ey | i 169 | 0.62 1.3 | 3.36..} 2u 0.7 | 0.91 | 3.70
Standing/ ‘ :
plant | (A 0 75 9 8 9 9 8 8 9

a) Gr; FREAE (Grasses);
b) Sd: PEKRE (Sedges);

c) Fb: 3B (Forbs);

d) Total; B¥% (Community).
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VT F A RIR A B 52 L RS B T R A A A AL R R A b
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BOBAE 1T S e (1 (LA F 15 FR O e () | I A by B BE & 16 A e K 4
KPR KB A EWE, b T RS, BEFIHERFAERKYHEHE. 2hm
BESELFTHEREA, HEARE, BEURARBRFES.

M5 EMEERAR, B RS AR = 1 A B R JE A
14.88=24. 9750/ CR* < H) (F&E, FRD , ZMefEk 1984 M3 766 A%, I 44
ERETH. ERMT GRS E 15 6.70—10.55% Ck2+ ) o P
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Table 9 The peaks among average monthly values of production processes for each plant group at Haibei Alpine Meadow Ecosystem,
9
A e E R 1980 1981 -9y 1982 : : 1983
Frodaces. oigtesss Gr) [ Sd®) |Fba) |Total®>) | Gr | Sd. | Fb | Totall Gr | Sd | Fb |Total| Gr | Sd | Fb |Total | Gr
mEArEE i : b e T B L | o e ik I
%%%/@KLE) Peal}j 2.79 ::.42 9.79 | 18.00 | 6.81 | 6.89 [13.44 [24.73 | 5.14 | 3.69 | 7.38 (14.88 [12.25 | 4.25 | 8.47 124.97 13.29
Gro
pho:;synthesis rate | Month 1 1 1 1 8 1 7 7 8 7 1 Tl 7 1 T
Tg dry wt/(m?-day)]| Mean®)| — = = 8.11 — L —iel BR63 45 — = = S0 TOH = — — 10,42 | =
PPIR ETE/CR*FD o M | 490 0.9401.70| 3.13 |1.13{1.50 | 2.9¢ | 5.40 [ 0.74 | 0.65 | 1.31 | 2.64 | 2.25 | 0.7 | 1.50 | 4.50 | 2.65
Respiration rate A
[gdry wt/(m?-day) ]| 30 o0 1 T 1 g’ T 8 't 1 7 8 7 1 1 7 1 a P g
Mean')|  —u| = o) =2 |0 24 =] = fd—0f B0 == | =) = 108 = |- =] = ] 172 |~
HEERSR i £ i &
}Eiﬁ«?(ﬂ@'ﬂ) Peaﬁ% 2,31 | 4.49 | 8.10 | 14,90 | 5.68 | 5.39 [10.51 119.33 | 4.41 | 3.04 | 6.07 [12.24 {1000 | 3.57 | 6.96 [20.46 |10.64
Net ] ;
photosynthesis rate Month 1 1 1 7 8 i 1 1 8 1 1 1 T 6 1 1
[g dry wt/(m?-day)]| Mean*)} — | — | — | 687 | — | — | — {693 — | — | — |s62| — | — | — |87 —
) 3 " .
%%ﬂ:gﬁé%ﬁﬁ) Pea”g 0.79 | 117 [ 247 | 4.43 | 1.4¢ | 1.41 [ 3.21 | 5,80 | 1.17 | 0.76 | 1.76 | 3.58 | 3.42 | 1.15 | 2.20 | 6.57 | 3.65
Groming rate of shoots
[g dry wt/(m?-day)]| Month T i1 1 T 8 i 1 i 8 T ,T & T 6 1 i
Mean®)p" —= | = W = Fe2.20 =] = d =g 4y — o —5] = 1.8 o— | == |—5f 284 |-~
b L 3 gt | gpaa ’
C—ﬁq:ﬁ?(ﬁez.fa) Peakﬁ 1.51 | 3.82 | 5.62 | 10.25 | 4.22|3.98 | 7.30 |13.53 | 3.24 | 2.29 | 4.30 | 8.66 | €.58 | 2.56 | 4.76 | 6.99 | 6.99
srowing rate of roois F
including crowns | Month 1 1 * 1 8 1 T 1 8 1 1 1 1 1 1 b
[g dry wt/(m?-day)]} Mean®| — | — | — [ 475 | — | — | — (487 — | — | — [389%]| — | — | — |5.93]| —

s b HERT | bl | 2.31 | 449 [ 8.10 | 14.90 | 5.68 | 5.30 [10.51 [19.33 | 4.41 | 3.04 | 6.07 12,24 [10.00 | .57 | 6.96 [20.46 [10.64

Net primary A
production rate Month 1 1 1 1 8 1 1 7 8 L 7 7 T 8 ¢ 7
[gdry wt/(m2-day)]| Mean®)] — | — | — | 6.95 | — | — | —= [7.01 o T s Y 1 g = |1 WE B

© B RRUCHIN ATl Mean= g L0
[Average daily values on growing days; Mean=(yearly sum)/(groewing days)];
b) Gr; REZR (Grasses);
oo ¢) 5d: PHHERE (Sedges);
. d) Fb: %28 (Forbs);
e) Total; BEIE (Community),
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Fig, 21 Dynamics of standing dead biomass in Kobresia humilis meadow in 1980.
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Fig.25 Dynamics of aboveground living biomass in
Kobresia humilis meadow in 1980.
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Fig. 28 Effect of ecological factors controlling photosynthesis
rate in growing period for grasses,
1: BEEW (Effect of temperature): 2: KM (Effect of soil water);
3. #RIEMR (Effect of intercepting radiation); 4: FESI%NE (Effect of radiation);
5. Bz (Effect of phenology)
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Fig.35 Dynamics of photosynthesis and respiration rate in Kobresia humilis meadow in 1980.
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Fig.36 Dynamics of net photosynthate translocation in
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L: $XE&ER™ 4 - (Net photosynthate); 2. SECEIH EE4y (Translocated
to shoots); 3: ZECBIITFE4 (Translocated to roots including crowas)
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Fig.37 Natural succession of Kobresia humilis meadow for 20
years under the conditions of average climate over the years,
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Fig.38 Natural succession of Kabresia humilis meadow for 10 years
under the conditions of stochastic climate, :
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A SIMULATION MODEL FOR PRIMARY PRODUCER
SUBSYSTEM IN THE ALPINE MEADOW ECOSYSTEM.

VERSION 1.0

Zhou Li and Wang Qiji

(Northwest Plateau Institute of Biology, Academia Sinica)

The simulation model in this paper includes two primary producer submod-
els, plant.phenology and biomass (carbon) dynamics, being components of the
ecosystem level model further developing in the alpine meadow . These submodels
represent our current understanding of primary production processes. The
objectives of these submodels are to simulate biologically phenology and growth
responses to environmental varying conditions,

For modeling purpose, total plant species in the Haibei Station are divided
into four ecological groups as follows, f(a) grasses, (b) sedges. (c)forbs, and
(d) shrubs.

The phenology submadel is to simulate plant development through a complete
growth cycle in each producer group.Plant development is divided into nine
phenophases (Fig.3). In phenophase 1, initiation of germination is determined by-
soil temperature. Initiation of regrowth occurs when the average of soil tempera=
ture in the top 20 cm is more than a critical minimum (3°C). Phenophase 2 and
3 represent progressive leaf expansion. Phenophase 4 is a flowering phenophase
with much numerous flowers. Phenophase 5 represents a fruiting phenophase
having much numerous green and ripe fruits. Phenophase 6 describes senescence
with shoot death of perennials. Because Palatability and nutrient values of
standing-dead continually decreases through the cold half year, standing -dead
phenophases (7—9) is used to indicate the extent of change of standing-dead
forage quality from recently dead meterial for requirement of consumer sections
Phenophase 1, 2 and 3 represent vagetative period; phenophase 4 and 5 represent
reproductive period; phenophase 7, 8 and 9 represent winter quiescence period.

Phenology submodel basically is static due to inadequate observed data. A
dynamic phenology submodel will further be developed after the relationship
between indicator of plant development and a combination of weather factors are
carefully studied.

The biomass submodel (Fig+3) simulates the dynamics of live shoots, live
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roots (including crowns), standing dead shoots and litter for each producer group,
and of recently and old dead roots for all producers. The processes modeled for
each producer group are gross photosynthesis, respiration, net photosynthesis,

translocation, the growth and death of shoots and roots, the fall of standing
dead shoots, and germination. The decomposition procésses of dead roots and litter
dor all producers also are simply simulated in the submodel for achieving realistic
fynamics of dead roots and litter.

Shoot growth of perennials in germinating period is supported by carbohydrate
translocated from live roots (including crowns) to young shoots, This process for
each producer group is regulated by both soil temperature and available soil wat-
er. The gross photosynthesis rate for each producer group is controlled by soil
water potential, photoperiod canopy air temperature, mineral nutrient, intercepted
radiation, shading between leaves, light saturation level, maximum gross rate of
photosynthesis, and phenology. A maximum gross rate of photosynthesis is exhi-
bited under optimal envirenmental conditions. Respiration rate is a temperature
dependent function of gross rate of photosynthesis. The fraction of net photosy-
nthate transferred to roots (including crowns), about which there was little inf-
ormation, is mainly regulated by phenology.Shoot death is simulated as a function
of soil water potential, phenology and temperature. While root death for peren-
nials is controlled by available soil water.

The primary producer model was verified using climate records in 1980—19
84 as input to drive the model and to compare simulated values with observed
producer data.Most outpuf from the model compare well with observations, and
the response of the model to environmental variables is reasonable. Improvements
will been incorporated in later versions of the model for sections of significant
difference between observed and simulated values.

The model was run under conditions of the average and stochastic weather,
respectively, through 20 years. Simulated results indicate that primary production
in alpine meadow has many characteristcs determined by special geography and
climate as follows,

(1) Annual precipitation is about 500 mm, but the distribution of rainfall
in a year is not uniform. Approximately 88% of annual precipitation occurs in
the warm half year from May through October, especially, the distribution of
rainfall in the warm half year sometimes significantly varies between years,
therefore, distribution of rainfall and annual precipitation are the same important
to primary production, _

(2) Comparing with air temperature, rainfall (amount and distribution) is
of great importance to the variance of primary production between years.

(3) The water-use efficiency is determined by the development degree of
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communitics. The traspiration coefficient in Kobresia humilis meadow 1s 678 g
H;0/g dry wt. for aboveground net primary production,

(4)  Radiation utilization is limited by short growth period (on the average,
148 days) . On the basis of all solar spectrum, the average utilization rate of solar
radiation energy is only 0.30% for net primary production, and 0.106% for abo-
veground net primary production in a year, but the utilization rate of radiation
intercepted by plant is high (1.29%).

(5) Respiration cost is low. It is only 17% of gross photosynthate, 20% of
net photosynthate in a year because of low air temperature throughout the year
and the significant difference of air temperature between the daytime and night,

The average translocation ratio to aboveground and underground part is 3:7
for net primary photosynthate in a year.

(6) Average net primary productivity under ungrazed condition in Kobresia
humilis meadow is 1113 g/(m®+year) (dry wt., the same below), in which abov-~
eground part is 358 g/(m®-year).The productivity may increase or decrease about
35% in a wet or drought year, respectively, The average daily rate of net prim-
ary production in the growing period is 7.48 g/(m®-day) in which aboveground
part is 2.41 g/ (m*-day). Growing peak occurs in July in which water and heat
are simultanously favourable to photosynthesis. The maximum rate of net photo-
synthesis is about 20 g/m?/day.

Death biomass for roots in the whole year is about 703 g/m?, approximate a
lhalf of total live roots,so the turnover period of live roots is about 2 years.

(7) Comparing with temperate zone grassland in the world where precipita-
tion is about 500 mm, aboveground net primary productivity in the alpine meadow
is not low,

(8) The smallest factor limiting photosynthesis is temperature, and available
soil water after it in early growing period, the radiation intensity intercepted by
leaves in middle growing period, and phenology in late growing period, respec-
tively,

(9) The plant communities in Kobresia humilis meadow under natural succ-
ession will achieve a climax for about 10 years, in which the components are the
same, but grasses are main producer group in biomass structure, so the climax is
grassland mixed by tallgrass and shortgrass.

(10) Current Kobresia humilis meadow in which sedges and forbs are main

is result of degeneration succession under grazed stress for a lopg time,

+ 111 »



