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Ahstract Vegelation pattern in natare is diverse, spectacular, and ever-changing. It is the macroscopic manifesiation of

biological diversity and the display of ecelogical order in space and time. How does this overwhelmingly diverse and won-

derfully ordered pattem arise and evolve? To answer this question, traditional methods are based on mostly on vegelation
classification,, emphasizing the indnclive approach. In recent decades, though ecologists have attempted to identify envi-

) ronmental factors and mechanisms that responsible for vegetation formation and distribution, a general dednetive theory
] that can mquantilatively predict large-scale vegetation pattern is still lacking. In this paper, based on statistical thermedy-

namics and empincal evidence in modern vegetation scienve we have dednced twe general equations of the organizational

e

order of vegetation { OOV ). By analyzing the mathematical properties and ecological meanings of the statistical thermody-
namic equations, some interesting general properties of vegetation patterns become apparent. Also we used the statistical
thermodynamic model to calculate OOV values for major world biomes and infer global vegetation gradients. The results of
a series of analyses with the model show the predicted pattern of the world biome types is consistent with that empirical
ohservation proposed by Robert H. Whittaker. This paper demonstrates that, the model and its associated corollaries may
enhance onr understanding of the formation and dynamics of vegelation pattern on large spatial scales.

Key words Vegetation pattern, Organizational order, Statistical thermodynamics, Model
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THERK. FHREL — LB HE T ( Whittaker. 1975
Rosenzweig, 1995 ; Wu & Gao, 1995 ; Begon, et 2/ . ,1996;
Crawly . 1997). fHE . PP EERERAN-TAR
MEEERMYE? 8 20 ek, EB¥FHICER
REHE F %A S E ( May, 1986, Currie, 1991;
Crawly, 1997 ; Levin, 1999} .

AR b, & AR REM AL (Nicholis & Pri-
gogine . 1977 : Naveh & Lieberman, 1984 ;0" Neill et al . .
1986 SREEE L 1991;2000: Wu, 1999). B RGE AL
MM e\ FERR SRR R AR
BEFER G EERFRNSEBE, 1991; Svirezhev
& Svirejeva-Hopkins, 1997; J#rgensen, 1997 : Ulanow-
iz, 1997). BA¥MERNBER T RE,
HEMAFEEFREWHE R FLFE(Weber et of ..
1988; Schneider & Kay, 1994; Frinzle, 1994;
Jérgensen. 1997; Ulanowicz, 1997; Levin. 1999; Wu,
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HEFILAEAMBRE, ERIE-RERLTF.F
XHRFHTHHENHLEFEFT R RiEEX 7
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METEERETFEM—BHRIEEE. T Whittaker
(1975) MMM 2 RRAE WA UK 5 T4 5 5 F 9K
BMFESEEZRARNEM L EERIEHITET
EHRREESENARERFERR.
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FROMEREEER A KOE)ERAFRERAALE
BHRESER(k=1.3806x 10" 2 'K ") w B#N
HHEE EETREDPH TR BETYHENS
SRERREH WM MRREE MRT 2A
fEREW L BIW M ETE,

TEER kR — TR ARER
ERERINHEEEMERESHH AN
MEX, 3Ll ENHEFESMBARERTER
B B R AT B R — R T W e SRR A o
EERFREH A RN RRANA TEHEHEH

Kebvs TERME L 005 55 00 4 4 49 S0 e o PR
AR RFLAO AR ARRERKL T
BOFHMEHERNEME REENREEEE LA
FHIFHGHHRAREREELT HMELEBHLE
FEREET. B R.AREEANFEEEE M
X, Al - T HARNFREAEFEAEN
RIE L, B

~S=kxlnil/w (2}
AP, -SB-ITHHAXFREREREI-K ")
Vw BRNEHENER. EFTHRETRETH
MERFHAEFAETITHHMILREREENR
HKUHEEWLERAHOHAGTERE.

M R EH B ESMM AN A TRES
T AR T R 700 IR 4 4 (SR S R
AT ) B S ST AR SR Y A AR T B A
BOEWVMUE - MrREAEEN TR EEN
WY T REEN., 2FFS . HEEERMA
KRBT RERE I S R G600 L5 e K
ZH E R EE - T HARAARERRNERF
i N 1

BRERNLEARGEEZ MG ABNEDR T
£H B A H0CH T A O o B G o8 i  RE SR SR R
AT MFRAER FABREERESERAED
KEMNERR FHRNESREERIERSM L
5 & RE £ Y RHe £ 4 B A0 30E B R 20T e 0
AL it EamRE . X8, BER (2D, RN
BETE — I 7 & 30 013 B 0 1 i 3 o) op 3 B AL A9 41
HETE. WLTX,

-5, =kxln 1/w t3)
X, -8, BESREEMAE T K ") il/w BEE
RIS FE L E R oov.

HMERGIMESANE, - S, EREEEMNE
AEFREN. HEWRHAEEREIR>EHES
REHnmmfEs. s ZL2EEMHE . E—
TMER—-BAXZRWIFEEORNEYR T EEZAL
BERESHRAETEEMEERERE T . 28F
B ETHH T ERABEEERARETSEEER
2 R, X BB .

SRUTREN EHLRE HEEUG T
R EREE—-HEETRNEYHNFEERRSX
REAFEFRSHSELANERBERRZRFER
$7 1) IF #3526 % (Holdridge, 194731 Rosenzweig, 1967;
Currie, 1987), BRE TSR X EZRF —HE. B
2 RIITLLEE EAREL RSN THE

A e et T

g


http://www.cqvip.com

- S,

T

Py

£ OO0 http://www.cqvip.com|

2 WhkHF: HENHATRERL2BHR 131
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~ 5. = kx OOV (4)
A, -S RAEBREN THABERABTLAME-
K1),

TERE AEREHADIEARLBERET
FREIE M R AW RS KBRS AELY
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OOV =Hx A x AET/T

B OOV =exp(H x 4 x AET/T) (6)

AP H=Ax vk HE—H%(H=1.8099 x 10° K-
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AR o

2VTE A AET 1 T =8I 405H L In 00V
HROOVIERESRANBERER . ERE TRER
AEREPRTFSERESYMIEEHI R AHILE
T et R R AR TR B S RE A
SEHE TR ERBREREEMREEEUL
ERLMHRTTE.

DER—WHRIERRT 000V H 00V 5 4
MAET HIELL, W5 7T R, S8 REHEBRE
FAREH BN - S, BB R HAREGFETFEMLE
A E IR

HFBG EHFRREM#ERRAmaERHLE
MOEEBHTAREEENS.

S)E AVAET W T —#A ¥ S|t , — A
WREF InooV 5 00V ) —1-{. 1n00V B 00V #
HEE EMEREEEN FHEEHYAME.

BMEHEIHFRG P RINF-PRE 4
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B 00V = exp (H' x { AET/ T-b)) (7
#H OOV’ = InOOV-InB, OOV' = OOV/B,
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AET<O MW TR S HEWHERKARB KT ESR
B.X52BRMEEM. TR, A AET #
T=HRAOFHTRE L, FHEES A<OH AET<0
R 00V,

NVHAS>0.AET >0  F>0 KA, Hx 4 x
AET/TIERT O,exp(Hx A x AET/ THE AT 1. H
WA A AETRIT Z8HPIM 2 HESE L. 50
FEMAELERE  Hoov —Em AT 0.2 00V
EXRT 1.

Hr = (7)) 5 .

HYE OOV BEGESE SHNHEEHSERE
InB KF LAt . 000V = 0,exp(H' x (AET/T-b)) =
L,H x (AET/T-b}=0. HHH' >0, 4ET/T-Lh = 0,
8, AET/ T=b 8 AET=bx T. " I\,, 7 AET
Mr @RS H L, FAENRHE AET/T=1b
HER OOV BRI RERFEERERE-

B AET/T=b SR AET=hx T [ HI.7E AET #i T
RS ELE, ooV RIREESERBES R
BRI T AET & T, M 2RO T AET/T Y LL
o AETAZ . H M A& N EHOTFAEMES
FEZ—. ERXFERN AET § 7 ¥ 00V R E{#
HAESERERERMEYEXE. M. E AET T
THEMASEMHSE L AET T lem 5 TR DK
REHYM. T2, % n00V I 00V T HHE R
T e A Fah TS &R
AR b

504 n00V M B 4 InB ) 8V E A L,
InOOV' <0, exp(H' x (AET/T-b)) < 1. H' x ( AET/
Th) <0 B H >0 8. AET/T-b < 0. 0] 8,
AET/T<b &8 AET<hx T. ATLABH . AETHIT
THERIEMHER L. TFE A A AET/T <b B
AET <bx THEER 1n00V H 5% & InB (54 2 ([
WA BEE., 1 AET/T<b B AET <bx T HIA.
ooV WA ELEE S TMEE: (1) AET B
A T THID L ART R T —HE TS ERE M
MEMEHLN EREHSE. . AETY . TH . In00V* <
08 00V <1, (2) AET Wi/l T A%, HBHIE
METHEE Rl AET A8, B AETY . TH
T In00F <0 00V <1, (3) AET WM T 1
B BEHELEEME D ERE R, H AET T M
TR EHENALS T FESE, 0, AET v,
TV .B AET <bx F.InQOV <08 00V <1, (4)
AET R4 i T A& Hm HEMEATFESE
Wi THIILEE. B, AET AT, 74 ,In00V <0

B OOV <1. (5) AET J}B . T A& . HE &I
5B TVE MmN, B e A SR 4 T O
AET AT @i ES sy . W, 48T 4, T4 {5 AET
<bx T,ln00V" <08 00V < 1.

6) Y In00V 5% & B [0 38 fit 77 i T 4k o,
InOOV' > 0.exp{H' x (AET/T - b)) > 1,H x { AET/
T-b} >0, HH >0H,4AET/T~b>0, M
3, AET/T>hol AET>hx 7. Hk, AET 1 T 34k
TEHTHBEMHAGIFEMAEINHE. & AET/T
>bh 3 AET > b x T HIE,In 00V AT @IE 5 f
R (1) AETA T} ,In00V' >08% 00V' > 1, (2}
AET A . T A%, InQ0V' >0 8 00V > 1, {3} AET
+,74 {8 AET> b x T.ln00V' >0 00V’ > 1.
(4 AET "3, 74 . InQOV' >0 5 00V' > 1, (5)
AET Y T+ ,{B AET> b x T.In0OOV' > 0 5 0OV’ >
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. H2wIE1 THY EHRNTEEBETREFE
B TR AERE. FHIP GREEERAE
FiF CEMIERT th lnoov 8 F ) E 7 RS AR E
FHESEESH FAREE. 4055 %
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TERAA OOV 5EHNEABREMNESES
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EEXTEAES BiNEAESFHOETRERLS
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3 2RRELERNALTFERR
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AW ENBESEL THEEERREN
H ¥ 5, Whittaker{ 1975 )} B 4k Holdridge 2. f5 i) &
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Table I Ceneral thermodynamee conditions fur vegetation develapment and GOV gradients

H

b
=

— R 2

Group Type General thermodyoumiv conditions vov ln0a¥ oy InOO¥”
1 1 T=0K+ A<D+ AET =0 - + * +
2 1 A>04ET>0 >0 K =l =0 - *
3 1 AET=bw T =G =C =1 =0

2 AET=C'T=0C =C =C =1 =0
1 AET A -T* AET <hx T } 4 <1 <
2 ART=0C- T} ' ¥ <1 <0
4 3 AET v - T4 } ¥ <1 <0
4 AT < T=C ' ¥ <1 <0
5 AETH Ty AFT<hx T ' ¥ <1 <
i IET ¥ T4 AET>bn T } 4 > 1 >0
2 AET=0C T} t 4 > 1 >0
5 k| AET* T} t 4 > >0
4 AETH-T=¢C t 4 > 1 >4
5 AET* T4 - AET > b ¥ t . > 1 >0

EFEH. F-EAFLEF L SAFRHESH—BATEFENSE HASSEAEE LR BESEERS M — R H 2 &1,
BN A AT FER L BB TR AT R BN EE L E S R AR R L A
BRAERAETHEEN AR FERE BT ERBER S+ TR T EHER TS R CRT TR AT R, A R RS m A
Yoo b FRWPATBEE "« TfLRFRETTE  For Fig. [, the numbers 1., --, 5 in the first and second enlumns represent the classifications of general ther-
modynamic conditions we heve ferred, and their ecological meanings have been explained in wur paper; in the third column is general thernodynamic eonditions
we have inferred; the organizational order of vegetation and its oatural logarithme forms are listed respectively 1 the fourth and Gith columns; we can find the gra-
drent of the organizational order of vegetatiun and tt natural loganthmic forms respectively in the sixth and seventh eolumns  The Jogical operational symbol “+ "

stands fur*and”, “+ 7 for “or™; “c” is & constant or represents o vanatwn;

incaleulality

ETHAGFTE, BH R B4 5 22 fk
HEFHEAKEMEYRE - #SRY SN THE
MR FED,FEHNE 5 TR ENEH
BWHE. - EGABZREEEREMAEEENLMN
BIEMETH, CEREBESEMATH - 1TEHE
HER rHFEEAER T LESER. 8@,
Whittaker R R RLE R AR DM A,
MEFTEREE F#H—-ETE, REgF. LTI
A REIBEBHER (1) 7 Whitaker IR S P gL
B EHWERKBRFEYREZNEARN -MEBHX
A BT RKBEMENEEAEN K RER
g ] BYPERE, B R — T AhSr A, R R T
KA REAAITTE LR () HEB R MR T Ui
BMZHPARZH . FAFEHEZRBNEET
WHDELRREES THESEREEHE D
EEMEM=Y EEYREKRAFEHRE %S
B b, R Whittaker [F] 5 44 A T 18 8 8 B F1 45 15 5
BLH_FXEEEREBETHRARSSE, Whit-
taker WRE FTERBE Tt FHF2HE "R
BER—rREmE. B LS5 THESEFAE
e MMM A E WA,

R K B EMREN ERAREL . &S5R5

* 4" indicates & trend to increase, and “ v * 8 trend to decteases " + 7 represents

FELREHB (AFMFTERKE(PRIBEEFH
HERERB(RV)MEMT B B PE)(Seller. 1965 ,
ETETREFHEN -HRAR BT AET= 9x PR,
Hib p K 0.5, 0.8 M 1.0 /T 7=+
2BISHERERRE (COFBARAZRE TK.
REE.BTIAT LAY Whittaker SR EH XA M
WMESFEHEKB(PRMEARBE(OZHBGXE
FRAHEBEANN A RRSEN TR ARR
{AET)MESRALBE(MHWERE, BEE LS
B HFE BT ER S TESREHENAE
YHEFE. HRLE1#E 2.

HE I ME2HE, ELBRREL BHERNHY
HFENBEEDAE/FHEEK. 7 94 5%1.0,
0.8F 0.5 WHELT,In00V 551 R2.7105 x 10%;
2.1684 x 107 F11.3553 x 10°, MR HME, ERH
A AFRKBEEATFEEREVEBAER
=1.ORATHN BESRENEBNERER (q
=0.5RT 0% BTN, FHib, 2RE®%NHEHSH
ERFE(nooV) BB T T 1.3553 x 10¥H
2.7105 x 0P Z R fy . M BEESRERN
ThHREBMAERERAEBEIEREKERN 80% (¢
=0.8). 4  2REHVAHNEFE(hOOV) ¥R

1


http://www.cqvip.com

¥ e e L T A, b W i g TR e

£ OO0 http://www.cqvip.com|

134 H oW O£ EF ¥ OB 26 #
—
]
(%]
=B L 450, 360, 225
2 -
E ﬁ;h
& - 400, 320, 200
(=9
g
= §
wE B = 350, 280, 175 =
B B
-
2
- 300,240,150 A
=3
et H 2
] w2
] 250, 200, 125 »
o w
g K
) 2 H E
& 200, 160, 100 g ]
#3 =
o B E
E 7 150, 120, 75 g
ra
—
g ™ 0, 6002 g
o d
g';' 4207 0. 4654 100, 80, 50 =
= 5 0. 4210°0. 423 *
14 &
0. 2354 50, 40, 25
0. 11770
0. 04520 047515 e - ).
P21 00470 50 2’
L L§ ¥ R L] | ) | L |

258.15 263.15 268.15 273.156 278.15 2B3.15 288,15 293.15 2%3.15 303.15

FEEEMAFRE (K)

Mean annual thermodynamical temperature

B MERAMMHEHFE
Fig.1 The organizational order of vegetation types on the Global scale

B E T Whittaker B2 HR FEBRUANIHHR STELREXRANENHEENERE  Fig. 1 i based on the pattern of world bioms in
relation 1o climabc humidity and temperature, in which Whittaker presented his results ( Whittaker, 1975)

Bt bre A B 4R TIK), T+ 27315 CHEFHHEERBED RS 52 125 1.0.0.8 FO.SRH AET = qx PR
HHBE W EFEHERE AET(cm) . PR 2 FYE AR (om)  The honzomtal axis describes the mean anmual thermodynamie temperaiure F¢KJ, where T=1
+273.15, and ¢ ia the mean annual centigrade temperature ; all three vertical axes indivate the mean annnal actual evapotranspiration. AET{ em? . which are cal-
culated sccording to AET = px PR where 1 is equal to 1.0, 0 8, 0.5 respectively and PR means the mean anmial precipitation {eo)

EEEEL2 - 2 REFFAMEEET o Fig 1. the numbers 1, 2, - . and 22 represent the different biome types: 1. #4454k Tropical
rinforest 2.3 EWH  Tropical semsonal forest 3. BT Temperate rainforest 4 BAFFEIH  Temperate deciduoue forest S EAF AR
Temperate evergroen forest 6. B INAK Taiga 7.8 WIS HK  Elfiowosd 8. MHBHAM  Tropical broadlesf wondland 9. #A7 MM A Tropical
scrub 10 BASH BE  Temperate woodland (1. A4S A Temperate shrubland 12 BH R EM  Savanna 3. BFFE  Tomperate grassland  14.
BUSEH  Alpine shrubland (5. B WA Alpine gassland (6. 765 Tundra 17 BEW L HE  Warn semi-desert 18, FEHF LR Cool
semu-desert (9. JLEBEILERHE  Arctic-alpine serm-desent 0. FHHE True desen 201 LW F UM Amtic-alpme desert 2. HBHEHE Codl
temperate bog 6 F1 20" & Santa Catalina 11| 45 355 BE H B AN BKFITE B While the numbera 6' and 20° respectively refer to Taign and desert situated in the
vegetation wransition of the Samta Caralina Monntains descnbed by Whittaker

HbtRd T 5= 0.8 W KBRS H T (InooV) B FH{H  We can see in Fig. [ the average value of the onganizational order of vegetation
types (IntM)¥) where 7= (.8 with regard to any vegetution types

mTWmmmﬁgmﬁﬁMﬁﬁﬁﬂmﬁﬁﬁEﬂFﬁ%ﬁﬁ§ﬂ£MEEl$ﬁ&#$ﬁﬁﬁﬁﬁ£ﬁ##ﬁﬁ§ﬂﬁﬁﬂﬁ#
BE{InOOVI{H  For which the acope of distribution is unknown to us due to the silence of Whittaker in his presentation, a peint hes been marked in Fig. 1 and
the value of the organizational erder of the vegetaton type corresponding to this paint can be caleulated based on its coordinates

W B R RS R OOV EE B 10" In Fig. 1, each value of the organizstional order of vegetation types should be multiplied by
0*
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Table 2 The arganizational srder of glebal vegetation types

© i e i

U By oy s p ey < e,

CB A

-

0ok
FE
No. T=10 n=0.8 n=0.5
Average Min Max sD Average Min Max 113 Avernge Min Max a0
1 1.4571 1 9892 2.7105 0.3112 13914 1 1657 2. 1684 0.2489 0.99456 0.7286 1.3553 0.1556
2 1,1838 D 7806 1.5514  0.2036 09928 0,245 1.2411 0.1p28 0.57p7 0.3002 0 7757 0.1018
3 1. 5004 1 QIB87 20930 0N L.2075 0.8150 1 6744 0.1785 0.7547 QO 5093 1.0465 Q.1116
4 0.9283 D, 3801 1.4311 0.2233 0.7427 D. 3041 1.1449 0.1787 0.4642 D.1500 07156  O.1117
5 D. 9283 0. 3801 1.4311 0 2233 0.7427 0. 341 1 1449 a_1ree 0.4642 D.1900  O.7158 a.1117
[ D.5529 D, 2536 4.9634  0.1715 0. 4423 D.2029 a 7707 Q.1372 0.2764 D.1268  0.4817 D.0BSB
o' D.5817 . - - 0.3634 . - * D.2909 * ks .
7 D. 9635 - - - 0774 * - * 0,4828 - - *
B D 6769 D.5166 0 8168 0.0757 0.5415 0.4213 0 6534  Q.0600 0.33%4 .2633 0.4084 D.0378
9 0. 4021 D 2354 0.5608 0.0849 Q.3217 D, 1BR3 0. 4480 0.0679 0. 2010 t11rr 0.2804 D, 0425
10 D 4758 D.18%0 07646  0.1448 0. 3800 D.1512  0.6117 0.1158 b. 2379 0 0945 0.3823 D 0724
11 D. 2797 D.1012 0.5097  0.0932 Q.2238 D.OBIO  0.4078 0.0740 D 1399 0.0506  0.2549 D.0466
12 b.5312 D.2354 .8168 {0.1592 {1.4240 0, 18R 0.0534  0.1273 D. 2656 0.1177 Q.4084 D 0796
13 0.3744 D.1012 0.7646  0.155b 1. 2005 0.0810  Q.6117 0.1245 D.1872 0.0506  Q,3823 0.0778
14 D.5262 . - + 0.4210 - * D.2631 * * *
15 D.1471 . - - 0.1177 - * D 0736 - * -
1o D. 2942 + - - 0.2354 - * D. 1471 - * »
17 D 21402 . ~ - 0.1682 = * D 1051 *‘ * -
18 D.1639 . - ks 0.1311 - * Q.0819 - * *
19 D.05%4 * - - Q.475 * * D.0297 * * *
20 0.0810 » * * 0. 0648 - * 0.H05 - * *
20 0.1069 * - - Q.0B55 - * D. 0535 * » *
21 D.(452 * * h 005362 b * 0.0226 - * *
22 D.7502 . * * Q.6002 + * D.3751 * * *

EFER.EE 1,2, . 2L ETEHEREBEES5E 1 #) The different vegetation 1ypes indicated by the serial number 1,2,+++,22 in the table are the

same as those in Fig. |

Average 153 F1{8 , Min (& B E . Max BB KR, SD LHFRHHEE Min. for the mnimum, Ma for the maamum, and 5D {or standand devia-

tion

Fo By T A R AR Avernge " THIE A B 1 G0 AR HEAY A A FE (In00v) , H Min. Max 1 SD A B H LTS
“+"{LFE With regard tv any vegetation iypes for which the scope of distnbntion is unknown te us, its “ Average” has been marked as the value of the organiza-
tional order of vegetation { InOOV) of the selected pwint in Fig, 1, und its Min. , Max., and SD have been mdicated by an asterisk " + 7 because they cannot be

ralculated

FPE ooV EIFEMLL 10 Al values for in the tahle should be multiplied by [0

FEE RE %0 2. 1684 x 107,

FEBE Y 2R 8195 I M A R (E o B T T i A0 L £
FILFEB, 225 0 5 & U ( Whittaker, 1975) , 2 SFBF
FIRET 2 cn B, ERFHRBOBHEHEB ST R
# Whittaker(1975) W EE EEH I FEFERERT 2
em MERBERE FER— S (EECP . HMNER
SRR Y PR=2em M T=293.15 K) , X H EEF
MKk ELBATEESRANBEB A RN (A 9=
1.0),1n00V 3 0.0123 x 107; 2§ 7= 0.8 i, In00OV
#0.0099 x 10”; % 5 = 0.5 &, In0OV #0.0062 x
0%, BHBERE, e REREVUHHLTHFE
(lnOOV) A B AE{E A T RER T 0.0123 x 10%, Fk
FETHREREL ASFRENEBNERKTF

KB S0%RAEEN . FHER oov T ZRATF
R R, BIEREN SXRERNAREGRFE
(lnOOV)BY B R 5T 0.0062 x 107" BT BEAY .

EE 1 ##E 2, Whittaker( 1975) I I 8389 5 3~
HRBEOREMS BH. (DMNBRFWMRETIR
WHEHH-BHEER -BFAN-RTEA R
WA -TE, W00V 4 F KR 1.2075 x 107~
0.7427 x 107—+0.3806 x 10°—+(0.2238 x 107 +0.1311
x 107 —>0.0648 x 107, E &R T Whittaker F9 {1 &
- 53 77 24 i A 755 T8 MOBR B 1 3 T\ () b P o AR SRR R
B EEEERENHEEERE. 2)RTRE—
WA BT AR AW A - RFERE
— 3, InO0O0V H1 1.5914 x 107 —~0.9928 x 107~

i
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0.5415 x 102 —0.,3217 x 10 —=0. 1682 x 10 [# (K K
0.0648 x 10, EX AL T Whittaker i if & TR B 1Y
MM R EMAEEEE. (DREH
H-BRERR-RFTERUER -BLER>E L
B, InOOV R 1.5914 x 107 — 1. 2075 x 10¥ —
0.7724 % 10° =0, 4210 x 10 =0, 1177 x 10*, & %f
B T Whittaker B ¥ 5 548 5 FE 3 N B9 M 55 £ 303
MBS LA SR, (4) P 2 kT 4
WEFH-RFET BT R ER-F MBI
WEHIE  In 00V IR (L R 0.9928 x 107 —0.7427 x
107 —>0.4423 x 102 —>0.2354 x 10®, BN T Whi-
taker F) 5 35 5 BE 98 0K PO 86 FE A B B R B L
BERAE#HEE. (S)EMNK-TKE. lnooV H
0.4654 x 102 BB 2 0.0855 x 107, EX I T Whittak-
er FF45 #) Santa Catalina L1 B4 #8858 B

LB ETRE RN EREHMELH
FFERRRYS Whitaker WHA- SR RZHEHLUT AMF
Z

D AET M T HHEMARHEZ R SRS
B &4 25 (), T 2 2 ] ) 1 B S AR L P A O A R
EwrHShE. ER AR JERHFT , M5
— i ME—F T ooV M — T {H. AET f0 T 4
AAEHSHB TIRAHERLN I HERA.EH
ML RAEBEER RERZ A B E R T S
A EAFANASHRR RN TFEEMELN
NTES T

2)7EH Whittaker FIH B R A AET FI T
S NFEH s, BT RES BN 22 MR, &
HEEPHAREHEERR AN ER®E R, #H
FEE SR - LEEHES. EXEXEST.
lnoov BT FEREMEX. FX L. EH
—FR RSN EAFEMEERSWEE AET A
THEMAFEEN L, ER ooV FALE L
WA, In00V BBt T Rl 28 & [ 3057 B M 4 R R
Mt B EESEEABRMEEN. BifieX
FR RS, AT A (L T RS A R
BEYHER EEWMHERELNHERS MR
ZAMEERETESN., A THE VRN LSRE
BHARNE RE &R RS RE S — B
WA EEYTEEFHRFBEE 2T A
e EE M TERERE RIS E—THA
It FEFERESE? .

NEAN-LRAGEREREAE HFE AR
BREHRER. EXEFHT T RIRERZ

B AFER—HWENXFATEE., RBET—
Uiy sy S R T E— BN RS8R A,
HRHELSEEN. FX L,AE Whinaker HEHE
#7 7f Holdridge B F 4t H il = E # ( Whittaker,
1975) B . EWMEAN-BRFREZRFETFLR
FRERMXA. EHHENSBRZRELXZNLA
AP R T ¥ FH LM Holdridge FH BB
EBiLFEMNEEZ— (Levin, 1999) .

AEER . ERIN- SR FREHAZTRHES
EMEENASEFERRZE . RBAREKETH
EHNTEL. £R -MANFEENT , SR HA-
BLFHENEARMNSEMUNEE ETHH-2%
FEWHESRC I BFRE LMy T EX
WRRSERZIBEHEERATN. BAER EX
—HHSEERT RETROA-ZRRANER
ARERTEREREFENTFAER MAMES
HRREFTEVER ERNEE X R L RATHE
32 SEHEENEEETFESE

BWEE PER—&H 0 fE Ny RE#HHAR
AFRERENSEES(EFXPRINERBPLS O
Ak ER R To=207.28 K fl AETo = 355.26 cm), 18
BHFBEN—RES B 1P, BT HERTE S
A OARSMERHEBHAREFEREN 2
B, SRILE2MFE3,

HE 2 MEIMEE. CERREL EFAER]
Fridmp— AN &N - FE O AERS
SHREENAREFFESES S 3 4. 11 £ 31
Fh, FE-—HP(ESHFEIHHIHI ,REE LD
BEMIMHE. . CEZE T EREHENEAHETFE
TERFAERHNER. EFE -HP(SR1IHA4
S VEES MREM 2SS HEE, R EATESR
REFHEHEFRERELNERL. EF=4P
(SR 1MASHE), FES TRANSFAEE, E
RETESLHRELEBEEXIF AR ELBNE
.

HieHRAFLUTHR:

1)TE AET T T —#1F =R, H—HM
LWHEEDPWERF L, . LLE 0 R ELL . e
B O BEREEN Lo, AN P 5 AN A50H 25 MR
FE 4 0 SR R SR 3 1, B 360 LD, HAH =
Hep 5K S MHEMNHA. EHEED.B
MEOMME, RIBEREPHN TR —REEF, TLL
HBmitEHUMsEPEIERARSEEIAN
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Fig.2 The gradienls af the prganizatiungl order of global vegetation

HrpieMETE LB, L,

Jafb BT O ES P EEMHO G EREEN  Fig 2rbasedmPig. 1: 1. Lo g Pg, 2 1e-

speclively represent the transeel of Lhe gradients of the organizational omler of global vegetation types, with pmni U as the slariing point

1~22:[AB 1 See Fig. 1

RETERREMEENHHEFESRE. TTLE
H R TR -REF EE 2 PAESHER.

DEMHHAE R ESE S EESA R T
BE-BH. EREFEARNE AT HENASE
FEBEE /. EFEWF L, A% p=1.0 0,
In 0OV F7 - 0.4326 x 10”; TE 4= 0.8H8F, InOOV" -
0.3461 x 107 £ 1= 0.5 Y. ln0OV' 7 - 0.2163 x
107, LB AT e R E AR R AL
i R B A R e R R
RArm kR LN T HENEATFER
AR, Tq=1.0H8, n0OV'E - 2.1506 x 10% ;£
n=0.8 8, InOOV' - 1.7205 x 10 :f£ 4=0.5 B,
00V’ - 1.0753 x 10%. ATLIFN ERHELEH
P TR SR A T A AT ERER
frF - 1.0753 x L0PAT1 - 2. 1506 x 107 Z A1 7.

3)7E Whittaker( 1975V H 8 5 M EERRERH
BHHEAET P NETREEINAE AT KRE
TIEMNEBEAE, S 3 MTHEPHNSELITIEY.E
AR LoV 3V R T B M g 35 NG TR MR R L
WREEEEEE, S5 3 MTEBETESERHNE T —
TH Y B R Ly EHTEPEYBILE O, 1Y
FEMIE FHERITE Y Whinaker I H T 3 725 H
WHE. AT SREREQEFAEHIEENZ
.

4) 5 s I g B 7 B AN (AL B 6 B A0 AR B
HAOERFESREEETHESOSEIFHIFEYS
B, EARBRIEL B FHEBEEEA R EAH
MERFEHEFREARY. BHENESERER
ERrATSHRARETN R EN. FE L HE
EHESHR A ERMHESE - FERERE K

1 o

R
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F1 SHEVNANTFERS
Table 3 The gradients of the orgamzauonal order of global vegetation
#H K — B & General the- AT R FMEEEY
) - ] In 3O, In00V,' Ln GOV,"
Group Tyvpe modynamic cooditivns Transect  Vegetatwn types in the transeet

3 1 AET =bn T L 1 0 DOOD 0, 000 0. 0000
1 AET}-TH-AET<bx T 1, 1 -0.0152 -0.0122 - 0.007
2 AET=0C:T* I 1 — 40,0281 -90.0225 ~ 3.0140
L 1 -0 4058 -0_3246 -0 200

iy 1.2 - 1.0018 - 0.8014 — 0.5000

3 AET 4 -T# N 1.2.8 - 1.4404 -1.1523 -0.7202

ke 1.2,8,12,9 -1.7296 -1.3797 - 0.8623

Ty 1,2.8,12.9,17.20 - 2.1506 -1.7205 -1.0753

4 AET} ~T=C Iy 1,2.8,12,9,17,20 - 2.1506 -1.7205 - 1.0753

Ly 1,2.8,12.9,17,20 - 1.1506 -1.7205 - 1.0753

T 1,2.8,12,9,18,20 - 1.1506 -1.7205 -1.0753

T 1.2,R.12,11.18,20 —2.1506 -1.7205 -1.0753

T 1,2.10,13,11,18,20 - 2.1506 -1.7205 - 1.0753

3 Iis 1.2,4,5,10.13,11,18,20 - 2.1506 -1.7205 - 1.0753
[ 1.4.5,10.13,11.18,20 —2.1506 -1.7205 - 1.0753

s 1.3,4.5,10.13,11.18,20 —2.1506 - 1.7205 - 1.0753

Lig 1.3,4.5,6.10,13.11,18,20 - 2.1506 -1.7205 - 1.0753

5  AETV T4 4FT<b» T Ly 1,3,4,5.6,10,13,11,19 - 2.1506 -1.7205 -1.0753

L 1,3.4,5.6,10,13,15,19 ~2.1506 - 1.7205 -1.0753

T 1.3,6.16,15.19 -2 1506 -1.7205 - 1.0753

[ 1.3,7.22,14,21 - 2.1506 ~1.7205 -1.0753

Tot 1,3.7,22.14 —1.5768 -1.2614 - 0.7884

[ 1,3.7,12 -1 1530 -1.0824 - 0.6765

Ly 1.3.7 - 1.1881 -0.9505 - 0.5940

Lz 1,3 —0.4732 -0.3786 -{.2366

Ls 1 —-0.3413 -90.2730 -0.1706

Il  AET4 Ty AET>bx T Las 1 0.1140 0.0112 0. 0070

2 AET=C'T} L 1 0.0272 0.0218 0.0136

5 3 AET* Ty Ly 1 0.1612 0.1290 0.0806
4 AET +-T=1 Lss 1 0.4326 0. 461 0.2163

5  AET* Tt -AET>h~ T L 1 0.2750 0.2184 0.1365

EPE—EREEETL, - SHREETREEN -REAMH N M2RERWESEFERENSTE HEFEEL SR AR
EEGH BRI SR I HABEEFS L, Lo W AFHL 0SSR EREHEMARATFERENRT B AEHF 1.2, 2/
EZRFEHTSTMEBER ES5E 1R EAR B LENE ARK 000V, n00Y, M 00V, BRE 1=1.04=0.8 M9=05 H K

HEHSEEEE 0K ooV HEEREN kool . FPHN ooV B FRL 10"

The numbers of 1.+~ ,5 in the firal and second columns in the rable

respectively repreaent the 31 classifications of transects of the gradients of the vrgamzational order of vegetation on the global scale hased on the general thermody-
namie conditions deduced ; the general thermpdynamic conditions are listed in the third column; the symbxals by, Ly, =+ .13 10 the fourth column respechively repre-
sent the transects of the gradients of the organizattonal order of the world vegetution with the O point as the reference starting point; the oumbers 1,2, =+ ,22 n the

fifth column respectively represent the vegetation types crossed by every transeets and are the same as those in the Fig. 1: o0V, Ja 0V, 1 1000V, in the
sixth, seventh and eighth columns are the difference af lo OQ¥ between those al the ending point and a1 the reference starting point O where 3=1.0, 7=0.8 and

7=0.5. The value of m the table should be multiplied by 10°

HE AR, BB RSB —RE SR
AT FTTE HEE N ES R ERER T
P XFEIE — B 09 2R BT F R T
EEBARTHEPREFATREN.

4 & i3

EEEESFE D EBFF - REXT ARG
KW FERTAREAEERNHREN. EEREHA

MHEgEERT AP RBRERF AR TR H—8
BN, 2R ANESFXERBROER. £/ -R
Ea R A ENEEERZERIET AN
R EHEYHFRERESBREVERAR
R EA i B E F RSB IL I A E MR .
ERTHFTH . BTIATHEITRIZME &
M EERT  EWHFREFAERE &
A3 BGEE A TR A LA 2 (A i i 77 AR AR
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BRAKRTFER. ETILEERR RINES
HEHEAAEFIFETE, REFE #HUHES
HEEEHAATRFEREFEN — BB O¥R
. £ Whinaker W 2B FE L RN T GHRE 5 F
MEEARMESREZE N X REM L, dER
BHSERM R FAHE -BERNSHRREE
BRHSAEFERRE. XEHRGEREAE TR
AREHERRMATEEFEE,
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