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Abgract : Digribution of vegetation is closely coupled with climate ; the climate control s distribution of vege
tation and the vegetation type reflects regond climates. To reved vegetation-climate relationships is the fourr
dation for underganding the vegetation digribution and tivoreticaly serving vegetation regiondization. Vegeta
tion regondlization is a theoretica integration of vegetation sudies and provides a base for physogeogrgphica
regonaization as well as agriculture and foregtry regondization. Based on a brid higoricad overview on sudies
of vegetation-climate relationships and vegetation regionalization conducted in China , we review the principles,
bases and mgjor schemes of previous vegetation regionalization and discusson several contentious boundaries of
vegetation z0nes in the present pgper. We proposed that , under the circumgances that the primary vegetation
has been degroyed in nog partsof China, the divison of vegetation 2oned regions should be based on the dis
tribution of primary and its secondary vegetation types and climetic indices that delimit digribution of the vege
tation types. This not only reved s the closed relationship between vegetation and climate, but d< isfeasble
practically. Although there gill are divergence of viewson the name and their boundaries of the severa vegetar
tion zones, it is comnmonly accepted that there are eight mgjor vegetation regonsin China,i.e. cold tenperate
needeled foreg regon, tenperate needeed and broadlest mixed fores regon, warm termperate deciduous
broadledf foreg regon, subtropica evergreen broadles fores regon, tropica nonsoon fores and rainfores re
gon , tenperae Seppe region , tenperate desart region , and Qinghai- Xizang (Tibetan) Aateau high-cold veger
tation region. Andyzng characterigics of vegetation and climeate of mgjor vegetation boundaries, we suggesed
that : 1) Qinling Mountain Huaihe River line is an important arid/ humid climatic , but not a therma climatic
boundary , and thus can not d be regarded as the rorthern limit of the subtropica vegetation zone; 2) the
rorthern limit of subtropical vegetation zone in China is dong the rorthern coag of the Yangize River , from
Hangzhou Bay , via Taihu Lake , Xuancheng and Tonging in Anhui Province , through by outhern dope of the
Dabie Mountains, to Wuhan and its wes , coinciding with a warnth index (W) value of 130 - 140
month; 3) the tropica regonislimited in a very sval areain southeagern Hainan Idand and southern edge of
Taiwan Idand; and 4) conddering a Sgnificant difference in climates between the outhern and rorthern parts
of the warm temperate zone , we suggesed that the warm termperate zone in Chinalis divided into two vegetation
regons, deciduous broadled woodland region and deciduous and evergreen broadlesf mixed foreg regon, the
Qinling Mountain- Huaihe River line being as their boundary. We a0 claimed that the zona vegetation in
North China is deciduwus broadlef woodland. Findly , we enphaszed the inmportance of dynamic vegetation
regonadization linked to climate changes.
Key words: China; dynamic vegetation regondization; arid/ humid climate; rorthern limit of subtropica
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The vegetation-climate relationship is an old topic
and new theme in both botany and geography.  Its conpre-
hendve gudy has been over one hundred years, from ear-
ly classic gqudies such as the dobal mean temperature
itherm in the 19th century by Alex. v. Humboldt!!!
tenperature zone by Span'®! | dimete classfication by
Koppen'®! | clasdfication of life-form based plant climate
one by Raunkiaer!”! | vegetation-climate classfication
based on water balance by Thornthwaite'® | life zone clas:
sfication sysem by Holdridge!® "), eco-climate dlassfi-
cation by Kiral® ® | and clasdfication sydem based on
evapotrangoiration processes by Budyko!™®! | to recent dli-
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mete change goproaches, for exanple, hiogeographica
nodel (BIOMEL) proposed by Prentice et al!™! and bio-
geochemica model (BIOME3) of Haxdtine et all™!. All
these sudies demondrate that climate controls geogragphi-
ca didribution of vegetation and distribution of vegetation
types reflects the regond climates.

It is said that the hidory of sudies on vegetationr
climate relationship in China can be retrogected to the
11th century BC'™®!. However , application of the vegetar
tionclimate relationship to vegetation regiondization was
begun since the 1930s. Li'*! firg proposed a scheme of
vegetation regonalization of China. Fom then, severa
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others were suggested by different authors™® 1. After
foundation of the People’ s Republic of China in 1949,
particularly during 1950s- 1960s, many sudies had been
oonducted and several sygems on principles, bases and
shemes of China’ s vegetation regonaization had been
proposed. Hou!*"! conrpared and summerized these sys
tems and developed the theories of vegetation ecology in
China, which provided a bad sfor the book* Vegetation of
China” published in 19801 . It was said that this period
was a blooming gage of vegetation sciencesin China. Few
gudies on vegetation regondization were conducted dur-
ing 1966 - 1976. At the begnning of ths 1930s, this
kind of sudy was refocuszd and develover™® 1. The
goplication of corputer iechrnology has mace the quartitar
tive gudies of vegetetion-cimete relaionship possble and
has become one of the focuses of vegetation sciences in
China snce the early 198042~ !,

In this paper , we will take overview on gudies of
vegetation- climate relationship in China, summarize mgjor
shemes of China’ s vegetation regondization, and dis
Ccuss ©me inportant vegetation boundaries. We d
dermondrate the inportance of dynamic vegetetion regon-
dization linked to climetic changes. It should be rote that
the vegetation regonalization described in this paper refers
primerily the dividon of vegetation zone or region, but not
the classfication of srdler vegetation units than vegeter
tion zones.

1 Geographic Patterns o Vegetation and Cli-
mate in China and Climatic Factors Influenc-
ing Vegetation Digribution

1.1 Geographical patterns of vegetation and climate

China is grongy dfected by the monson climate.
In the eagern part of China, it is cold and dry in winter
and warm and humid in summer , which is synchrorous
with the phorological changes of plants. The climate zone
changesfrom tropica , subtropica , warm tenperate , temr
perate to cold termperate in turn from suth to rorth in
eadern part of China. Gorregponding to the climatic zones
that are drog paralld with the latitude belt , digribution
o vegetation in the eagern part of China d shows an
obvious latitudina zondity , i.e. tropica rain foret and
nonson fores , subtropical evergreen broaded foreq ,
decidwous broaded foret, evergreen and deciduous
needeed foreg occur in turn from south to north , form:
ing the greatest conti nuum of forest vegetation in the world
and becoming a reference of vegetation-climete relaionr
ship dudies and goba latitudind zondity. On the other
hand, dfected by the continental climete, it is dry in
rorthweg China. With the changes from humid to arid
climate from eag to wed , the vegetation type changes
from fores , fores seppe, deppe and desert; this is
termed as longitudind zondity of vegetation.

China is a nountainous country , and nore than half
of the territory isoccupied by mountains and plateaus ™! .
Vertica zondlity of vegetation which is closdly related to
horizontal zondlity , isformed in a large amount of nourr

tains, particularly in low latitudes, such as Mt. Qumu
langma (Everes) , the vegetation zone changesfrom tropi-
cal rainforeg to apine meadow from the foot upwards“!.
In the arid z2one of north China,, close foreg isformed on
the middle and upper parts of the nountains, e.g. Mts.
Tianshan and Qiliant*!).

In addition, rigng of the Qingha- Xizang Hateau
leads to a gecia plateau climete and thusforms a ecid
pattern of vegetation digribution. Such a gecid vegetar
tion pattern in the Pateau has been termed as* plateau
ondlity of vegetation” to diginguish horizonta zondlity
and vertical zondlity of vegetation'®?!. The plateau zonali-
ty has been formed by the Indian nmongon , the high pres
sure of Qinghai- Xizang Hateau and the' heating dfect” of
the plateau surfacel®! . Although there are dill different
vienmpoints on the vegetation digribution on the Qinghai-
Xizang Rateaul®! | the unique pattern of the plateau vegr
etation has been recognized by many studies ™ %,

The vegetation didribution of China can be charac
terized by the latitudind zondity, longitudind zondity ,
verticd zondity , and plateau zonality as described above.
They conditute theoretical badsfor vegetation regonalizar
tion of China.

1.2 Climatic factor s affecting vegetation disribution

Tenperature and precipitation are two mgjor factors

dfecting vegetation digribution!®™ . Precipitation or inte-
grated water and heat conditions (noigture index) digtin
guish fores vegetation from ron-forest vegetation (fores-
deppe, Seppe, deserts) , while limiting factor for di gtri-
bution of fores typesis thermda climate. The quartitetive
relaionship between digribution of foreg types and ther-
mal climate thus becomes the badsfor divison of thermal
2ones and latitudina digribution of vegetation.
1.2.1 Moigture indexes affecting vegetation digri-
bution In the period of 1950s - 1960s aridity index was
used for divison of the arid/ humd climate zones o
Chinal®" %! Because accumulative temperature was ap-
plied in the aridity index and because it could not reved
exactly vegetation didribution, an annual aridity index
was proposed and used in the new climate regiondizar
tion'®*!.

A number of dudies sowed tha Thornthwaite’ s
nisture index (Im) ®! derived from water balance was
regarded as a rationa parameter for analyzing relationship
between noigure condition and vegetation digtribu
tion®*: 27 %% - chang!®! gudied disribution of mgjor
vegetation types usng Thornthwaite classfication sygem
and found thet didribution of vegetation in China was
srongy related to Im. Fang and Yodal?! figured out that
di gribution of mgjor vegetation types in China corresponc
edwdl to Im vaues, and humid fores (e.g. evergreen
foreg, rain foregt) , deciduwus broadles fores , wood
land , grasdand and desert corregponded to the Im vaues
o >60,60-0,0- -20, -20- -40,and < - 40,
regectively. This provided quantitative criterion for veger
tation divison in China.
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In addition , the Imwas a0 used to document vege

tation-climate relationship at regiona scde. For exanple,
Wang and Xiao!*! sudied digtribution of vegetation types
dong an Im gradient in the Loess Plateau. Nif*! anar
lyzed the relationship between didribution of evergreen
broad e trees and the Im vaues. Holdridge' s life zone
sydemwas d D widely goplied in gudy of the vegetation:
cdimate relationship in China® >, However , because
potential evapotrangpiration rate ( PER) o the Holdridge
Q/Semm is the ratio of annual biotenperature to annua
precipitation that is andogpus to the arid/ humidity index
used in the early dimate clasdfication sygsems (e. g.
Koppen sysem) , its goplicakility is questioned.
1.2.2 Thermal indexes affecting digribution of veg
etation types Mean tenperature was adopted to idertify
the relationship between vegetation digribution and ther-
mal conditions during the early gages. It wasa used in
the regondization of China s vegetation and climate dur-
ing the early sages® % After the 1950s, effective ac-
cumulative temmperature was used as thermal parameter for
divison of thermal climate!®?. Chen!®! adopted the num+
ber of days of dfective accumulative tenperature as the
thermal index for divison of climate zones. Recertly ,
Zhou and Zhang!®! | based on Thornthwaite’ s potential
evapotraniration (1948) , proposed a new index, re-
gional potential evapotrangiration ( RPE) to explore the
climate- vegetation relationship , and gpplied it for the cli-
mete- vegetation classfication of China for climate change
sudy!®?!

In China, Warnth Index (W1)®°! and Coldness
Index ( Cl)[° ®! have been broady used to explore the
couplings between vegetation digribution and tenperature
oonditions. The WI is a dnplified dfective accumulative
tenperature that uses nmonthly mean tenperature, and is
linearly reated to the accumulative termperature and other
tenperature parameterd®! . The CI reflects the degree
and its length of winter low tenperature and indicates well
the relationship between vegetation/ plant digtribution and
limiting climatic factors in warm areas ®* %!,

Hong and Li'®! first adopted Kira’ s Wi and Cl to a
quartitative gudy of relationship between vegetation and
climate in China. They found that digribution of mgjor
evergreen broadled trees in Jiangsu Province could be ex
plained by these two variables. In the meantime , relation-
ships between vegetation and noigure and heat conditions
in Northeag China were d discussed by usng the Wi
and CIt? 2! |il®! gigussed the relationship between
the vertica foreg zones and the W1 in the Qinghai- Xizang
Rateau. Fang and Yodal® %! and Fang!®™ sudied the
relaionship between vegetation digribution and WI va ues
and defined the criterion for divison of the thermal zones,
i.e. Wl <15 - nonthfor the arctic (dpine) zone, 15
- 50 - nonthfor the subarctic ne, 50- 90 - nonth
for the temperate zone, 90 - 175 - nonth for the warm
temperate one, and >175 - nonth for the subtropical
and tropical zone. Fang e a'® a9 discussed the verti-

ca gectra and geogrgphica differentiation of cormponent
genera dong the 30° N in Eag Asa and found that the
WI and Cl va ues changed with continentality index , sug-
geding that continentality index should be taken into corr
dderation in divison of vegetation zone. NI and
g *! found that Kira' s indexes interpreted success:
fully digribution of evergreen broaded foreds.

2 Major Principles, Bases and Shemes o
China’ s Vegetation Regionalization

2.1 Principlesand bases

The horizonta zonality (latitudind zondity and lor
gtudina zondity) and the vertical zondity are theoretical
bases for vegetation regiondization , of which the horizon-
td zondity is critical!™® . Armong the horizontal zonali-
ty, the latitudina zondlity is caused by different lar ra
diation and further thermal conditions on the earth suface
from suth to rorth, and thus indicates the zonetion of
thermal conditions, while longitude has o biologica Sg
nificance and means only the geographical ooordinate and
time. The longtudina zondity demondrates the noigure
difference from oceanic to continental climate caused by
the oceanic and inland digribution. The latitudinal zond-
ity of vegetation indicates the changes of heat , while the
longtudind zondity shows difference in the noigure;
combination of both is a bags for vegetation regondizar
tion®" %] In addition , the unique vegetation pattern of
the Qinghai- Xizang Hateau should a9 be taken into corr
dderation in vegetation regondization of China. There are
three mgjor viempoints about the bases of vegetation re-
gondization in China:

(1) Characterigtics of zond vegetation , conposition
o flora, and digribution of cultivated vegetation are pri-
mary bases. HOU Xue Yu (HOU Hsoh Yu) is a repre-
sentative of this vienpoint. HOU'™® ¢! deemed that zondl
vegetation types are primary bads and indicator for veger
tation regondization, but semi-natural and secondary
vegetation are a o inportant in regonswith srong human
irfluences, e. g. the eagern part of China. He d®
dresed the role of conpodtion and digribution of florain
indicating nodern natural conditions. In areaswith devel-
oped agriculture, digribution and growth of cultivated
vegetation should be a9 conddered as inportant i ndicator
for vegetation regondization. That isto say , he suggesed
the same dgnificance of zond vegetation , flora character-
igics and digribution of cultivated vegetation. However ,
this vienmpoint is difficult to practice. For this reaon, he
deemed that the exigence of vegetation can not separate
from the physogeogrgphical conditions, and as an alterna
tive , geologic , topologic , pedaogic and hydrologic condi-
tionswere Ao taken into condderation in his vegetation
regondization scheme. In redity , his vegetation regornr
aization schemes!™ ®! were nostly based on climetic and
topologic patterns. The dmilar vienpoints were a hold
in Editoria Committee for Vegetation of Chinal™!.

(2) Zond vegetation is principa bads, and flora
and didribution of cultivated vegetation are seoondary fac
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tors. This vieapoint was hold by Xul™ Linl™
Zhout™ and Sng!™!. Xul™! pointed out that natural
vegetation and their secondary vegetation should be the
chi¢ indicaor in vegetation regonalization. Cultivated
vegetation can be used as rderence. Hora andyss is of
sgnificance, but atention to the ratios of gecies and
genera should be paid. Linl™ argued that cultivated vegr
etation and agricultural sygem can only be used as auxil-
iary indicators. Zhou!" pointed out that ome researchers
had over- emphaszed the role of cultivated and i ntroduced
plants in vegetation regionalization. Sng ™! denongrated
the importance of vegetation , particularly the natural veg
gation and their seoondary vegetation, and their flora
compostion and climatic conditions should a0 be re
ferred. But Sng!™! enphasized the same inportance of
vegetation types, flora and environmental conditions in
vegetation regonaization later.

(3) Both vegetation and climate are critica to
China’ s vegetation regondization. Fang!®! argued that
primary vegetation is undoubtedly important in the vegetar
tion regondlization, but it is difficult to practice if only
irformation on vegetation is used because primary vegetar
tion has dnpg been degroyed particularly in eagern Chi-
na. He argued that the nog schemes of China' s vegetar
tion regonalization proposed © far were subgantialy snr
ilar to potertiad vegetation regondization, thus bascally
these schemes were a kind of divison of vegetation cli-
mex. That isto sy, climetic factors, egecidly limiting
climate factors that delimit the vegetation digribution , are
critica to the vegetation divison egecialy in the eagern
China.

Infact , same climetic indexes, in nog cases, dn
de climate indices (e. g. , mean tenperature and precip-
itation) often were used in the vegetation regonalization ,
athough this was not mentioned in their schemes® ™.
Acoording to such an undersanding, Fang™®! suggested
that zona vegetation types and their secondary types pro-
vide a base for identifying the vegetation-climete relation-
ship of a regon. Usng the relationship and climate vari-
ables of the regon , vegetation regonaization can be eas-
ly done. That isto sy, both irformation on vegetation
types and regona climate characteridics are of impor-
tance. This rot only reflects the essence of vegetation
climate relationship , but a2 is easy to practice.

Asfor the role of flora in the divison of vegetation
ones, Fang'®! argued that it is not critical. Divison of
vegetation zonesis alarge scae classfication of vegetation
landscgpe and differs from clasdfication of plant commur
nities, the former is controlled by nodern environmenta
oonditions, and the later is primarily irfluenced by geo
logca higory. Therdfore, compodtion of flora is critica
to clasdfication of plant communities.

Regarding the role of cultivated vegetation, we
agreed to the vienpoint claimed by Lin'™ and Zhoul™ |
who suggeded that cultivated vegetation can only be
served as auxiliary factor and its importance in vegetation
regonaization can not be over-enphaszed , because cul-

tivated or introduced oecies can expand nore widdy than
their natural range!™!. Moreover , the divison of vegetar
tion for agricultural purpose should be included in agricul-
turd regonalization which is quite different from the vege-
tation regondization.

In addition , ©ome authorst™® 7! stressed the impor-
tance of the life-form of plants in vegetation regiondlizar
tion , which is smilar to the plant dimate clasdfication
proposed by Raunkiaer!*),

2.2 Major schemes of vegetation regionalization

Snce the firda scheme of vegetation regionaization
was proposed by Lil*! | dozens of the schemes have been
developed during the lag 70 years. Table 1 ligsthe mgjor
schemes during different periods. The hidory of Sudies
on vegetation regiondization in China can d 9 be vieved
from the Table 1.

Figures 1 and 2 illugrate the oldes!™! and the
nenves!®! mep of vegetation regondization in China. Of
al the schemes liged in Table 1, that of Editorid Gonr
mittee for Vegetation of China™ and Houl™® ! is the
nog comnonly used today in China. Another scheme pro-
posed recently by Editoriad Gommittee for Vegetation Atlas
of China®! is anpg the same as that by Editorid Conr
mittee for Vegetation of Chinal ™.

Gonparing these schemes, we found that the early
schemes were nogly linked to adminidrative regons,
which is obvioudy in contradict to geogrgphica digribu-
tion of vegetation because digribution of vegetation isirrer
goective of adminigrative boundaries. In addition , princi-
ples and bass o the regondization and relaionships
anong regons are not condgent in the earlier schemes.
After the 1980s, dthough divergence of views on the
name of the vegetation zones and the location of the veger
tation boundaries ill isfound in different schemes, it has
been comnonly accepted that there are eight great vegetar
tion regonsin China, i.e. oold terperate needded for-
eg regon, tenperate needeed and broadlest mixed for-
eg regon , warm tenperate deciduus broaded foreg re-
gon, subtropica evergreen broadled foreg region, tropi-
cd nmonsoon fores and rain fored regon, tenperate
deppe regon, tenperae desert regon and Qinghai-
Xizang Hateau high cold vegetation region.

In China, it is aways argued whether the Qinghai-
Xizang Hateau is handled as a sparated vegetation re-
gon. There exig two conpletely different viempoints of
yesor . Fom the genessof vegetation , it may be rear
nable to divided the Qinghai- Xizang Pateau as a sgpa
rated vegetation regon , because the gecia geographica
sttings of the Hateau have lead to the gecia vegetation
types and their digribution patterns. The hypothess of
the plateau zondity srongy supports this viewpoint.
However, from a viempoint of the nodern vegetationr
climate relationship , as a portion of China’ s vegetation
the vegetation of the Hateau could not be separated , be
cause the change of environmenta factors is continuous,
and the vegetation of the plateau is deeply related to those
in surrounding areas, particularly in the northwegern part
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Table 1 Magor schemes dof vegetation regondization in China

Author Major bases and variables used Major zones or regons

Fve gowps: evergreen needeed forest , deciduous broadedf fores , ever-

[14] —_—
Li Annua mean tenperature and annua precipitation green broad et forest, seppe, and

Twenty-Sx regonsin theorignd scheme are combined into 11 regonsin this
paper (numbers in parentheses indicate the number of regonsin the origina
scheme ) : Northeagt China foregt region (12) , Northeag China seppe re-
. jon (13) , North China fores regon (14) , Loess Fateau geppe regon
Hueng*® Vegaation types E215) , Midde and Eagt G*inafors? regon (16, 17) , SauthNestqé:FI)*i naelg-‘,or-
es Regon (18- 21) , Suth Chrna Ferest Region (22 - 23) , Seppe Region
(2- 4) , Desart and Gbi Regon (1) , Qinghai- Xizang Flateau Region (5 -
11) , and Azond vegetatiori region (24 - 26)

Thirteen regons: subdpine need e fores regon, suboold need ded forest
regon, oold tenperate mixed fores regon, tenperate summer green forest
regon , warm terrperate mixed forest regon , subtropica evergreen fores re-

Qan & al® Vegetation types gon, tropica and subtropica monsoon forest regon, dry desert and semi
desert regon, plateau frozen desert regon, deppe and grasdand regon,
plateau grasdand and scrub regon, arid nounta nous fores- seppe regon,
seppe and desert conplex regon

Twelve regons: Da Hinggan Mountain needeed foret regon, Changba
Mountain and Xiao Hinggan Mountain need eleef and deci duous broadl egf for-
eg regon, North China deciduwous broades foreg regon, Northeas China
and Jin- Shaan Gan fores- seppe and seppe regon, Midde China deci duous
and evergreen broadlest mixed fores regon, Midde Suth- Suthead- Suth-

Hou e al (™! Vegetation il relationships west China evergreen broadedf forest region, Suth China tropica monsoon
forest regon, Suthwes China dpine needeed fores and meadow regon,
Nel Mongol- Gansu dry geppe regon, Meng- Xin-Qing desertified geppe and
seppe regon, Northwest China apine neededed fores and seppe regon,
Qinghai- Xizang Hateau high nountains cold desert and scrubby meadow re-
gon

Ffteen regons: Da Hinggan Mountain needded foret regon, eagern
Mandchuria need e ed- broad edf mixed forest regon , Northeast China fores-
seppe and seppe regon, decidwus broaded fores and fored- seppe re-
gon, decidwus evergreen broad e mixed forest regon , deciduwusfores re-
gon, tropicd nongon fores regon, Suthwes China nounta nous vegetar
tion regon, wegern mountainous needeled fores region, dpine seppe
meadow sub region , plateau cold desert and upper reach of the River basn
regon, Nei Mongol dry steppe regon, sami-desert and desert regon

Qan & al® Vegetation type

Thirteen regons: Da Hinggan Mountain larch forest regon , Changbai Moun-
tain needded- broad et mixed fores regon, North China pine and oak for-
ed regon, Midde China tropical evergreen foreg regon, Hainan and Suth
China Sea Idands tropical evergreen fores regon, Qinghai- Xizang Hateau
desert- need deef fores conplex regon, Ne Mongpl- Xinjiang desert region ,
GansrNei Mongol seppe- semi desert regon, Altay needlded foredt region ,
Tianshan ruce fores regon

Vegetation types, and aswell digribution of plant

i [81, 8]
Lived taxa and climetic conditions

Three regons and seven zones: 1. Eagern China humid fores regon: tenr
perate needeed fores-needded broaded mixed foret regon- deciduous
broad eef fores zone, subtropica evergreen broaded fores zone, tropica
nonon fored and rain fores zne; 2. Qinghai- Xizang high cold plateau
one: subdpine needeled fores zone, meadow geppe-scrub zone; 3. Nei
Mongpl- Xinjiang dry seppe and desert regon: dry Seppe zone, desrt ne

Three mecro- vegetation regions based on rdid o
mecro-topography and nonsoon dimete; 7 vegeter
tion zones were divided acoording to zond vegetar
tion types, and further divided into subzones for
each zone

Gommittee for Naturd
Regiondlization!®!

Three zones and ten regons: 1. Fores znes: ool d-tenperate need eed for-

ed regon, tenperate needeed-broaded mixed decidwus fored regon,
Insite of  Botany warm tenperate g;ddu)us brofadea‘ ford&d reg];on, subtropica everg;en fo;

A ’ . ed regon, tropicd nonsoon fores and rain fores regon, equatoria oor

;T‘esdmﬁm Zondl vegetation types redf vegetation regon; 2. Seppe zone and apine nmountainous scrub- mead-

ow-geppe ne: terperate and warm tenperate seppe regon, high cold
nmounta nous scrub and meadow- seppe regon; 3. Desert zne: tenperate
warm tenperate desert regon, high cold desert regon
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Table 1  (oontinued)

Mgjor zonesor regons

Eght regons: rorthern Da Hinggan Mountain deci duous needleed foredt re-
gon, Northeast and North China decidwusfores regon, Midde and Suth-
weg evergreen broadedf fores regon, Suthuthwes China tropicd rain
fores regon, Ne Mongol-Northeag China deppe regon, Meng Xin-Qing
desert regon, outheastern Qinghai- Xizang high cold meadow- seppe region ,
wegern Xizang high oold desert regon

Author Major bases and variables used

Houl®") Zond vegetation, digribution of plant taxa, and
u cultivated vegetation

Hou!®! Zond vegetation, digribution of plant taxa, and

cultivated vegetation

Eght regons: oold temperate deridwus needdedf foreg regon, tenperate
deciduus broad es fores regon , warm terperate deci duous broad e forest
regfon . subtropica evergreen broad eef forest regon, tropica nonsoon forest
regon , terperate Seppe regon , tenperate desert regon , and high cold veg
etation regon

Editorid Conmittee for
Vegetation o Chi-
nal®; Edtorid Com-
mittee for Vegetation
Atlas of China, The

Zond vegetation and characterigicsof climate and
relief characteridics

Eight regons: oold tenperate need eledf forest regon , terperate need el ed-
broad e fores regon, warm tenperate decidwous broaded fores regon,
subtropica evergreen broad edf forest regon , tropica nonsoon foreg and rain
foreg regon, tenperate seppe regon, tenperae desert regon, Qingha-
Xizang Hateau high oold vegetation regon

Eght regons: oold tenperate needeed fores regon, tenperate deciduous
broad edf fores region , subtropical evergreen broad edf foreq region , tropicd
nmonsoon fores and rain fores regon, tenperate seppe regon, high cold
meadow geppe regon , tenperate desert regon, high cold desert regon

Thirteen regons: oold terperate need eledf forest regon, tenperate neede-
ledf- broad edf mixed fores regon , warm tenperate deci duous broad edf fores
regon , eagern subtropica (humid) evergreen broad e forest region , west-
ern subtropica (dry) evergreen broaded forest regon , eagtern tropica mon-
son fored and rain foreg regon, wedern tropica nonwon fores and rain
fores regon, tenperate geppe regon, warm terperate seppe regon, high
oold meadow steppe regon , tenperate desert regon, warm tenrperate desert
regon, and high cold desert regon

Chinee Academy o

Soiences'™!

Houl 8! Zond vegetation, digribution of plant taxa, and
u cutivated vegetation

Houl ™! Zond vegetation, didribution of plant taxa, and
u cultivated vegetation

Fangl® 2] Eco-dimetic parameters were used based on vege-

tation-climate relationship

Nine regons: oold tenperae needeed fores regon, tenperate needded-
broadlest deciduous mixed fores regon, warm tenperate deciduous ever-
green broaded foreg regon, warm tenperate evergreen broaded forest re-
gon, subtropica and tropica nmonsoon forest and rain fores regon, decidu
ouswoodand regon, seppe regon, desert regon, and high cold vegetation
regon

Editorid Gonmittee for
Nationd Atlas of Chi-
nal®e!

Zond vegetation and their secondary vegetation
types, didribution of plant taxa, and cultivated
vegetation

Thirteen regons: oold terrperate need eledf forest regon, terperate neede-
ledf- broad e mixed fores regon , warm tenperate deci duous broad edf fores
regon , eagern subtropica humd evergreen broad eef forest regon, wedern
subtropica semi- humid evergreen broadedf foreg regon , plateau and moun-
taimous needded foret and evergreen broad eef fores regon , eastern tropi-
cad humid nonsoon foreg and rain foreg regon, wedern tropica dry non-
on fores and rain fores regon, tenperate geppe regon , warm tenperate
seppe regon, high cold meadow geppe regon, tenperate desert regon,
warm tenperate desert regon, high cold desert regon

Zond vegetation and their secondary vegetation

(7]
Sng types

Sx zones from outh to rorth in the eagern part of China: bored fores zone ,
oool tenperate need e ed- broadled mixed fores zne, tenperate deciduwus
broad e fores zne, subtropica evergreen broaded foret zone, tropicd
rain fores and nonson fores zone

Eoo- climetic parameters were used based on vege-

[68]
Fang tetion-climete relationship

9x zones from uth to rorth in the eagern part of China: ool d-tenperate
needded fores zone, tenperate needded-broaded mixed forex zne,
warm terrperate deci duouswood and zone , warm tenperate evergreen- deci du-
ous broaded mixed foret zne, subtropica evergreen broaded fores zne,
tropicd rain fores and nonson fores zone

o the plateau.

In addition , it is ad 9 worthy to note that the termmper-
ate and warm temperate seppe and desert zones in wesern
China may rot be further divided because the noigure
oondition is the primary limiting factor for digribution of
these dry vegetation types and the thermd variables are
ot critica for their digribution.

3 Discussions on Some Horizontal Vegetation
Zones and Their Boundar ies

Acoording to Botanica Sciety of China®”! | there
exig four main argumentson China s vegetation regional-
ization: 1) the boundary between tropical rain forest/
nonsoon fores and subtropica evergreen broadledt fored ;
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Table 2 Magor schemes of the boundary between tropica and subtropica vegetaion zone

Major_schemes Location of the boundary dimetic parameters Authors
Fom Fuging, Longyan of Fujian Province , Meixi-
an, Yingde, Huaji of Quangdong Province,
Boundary 1 Dongan, Tian' edf Quangxi Autorompus Regon, — Frogless ssaon Chu and Wuan'®?; Tang!*!
Lwdan o Quizhou Province, turn wes to Long-
wu, Changning, Baoshan o Yunnan Province
Fom rorthern Taiwan to Xiamen and Zhangou of
Fiyian Povince, dong the Lianhua Mountain
Range, Qingyuan of Quangdbng Province, Nan- 8- 11 nonthswith nonthly mean tenper- (91, %] . 7 os(%B] - (7
Boundary 2 ning, Base of Quangk Autoronpus Region, to  ature over 20 Zeng ; Jiang™; Hou
Mdipo, Hngbian and Lancang o Yunnan
Province
From Jiayi of Tawan Province, Zhuhai , Meorring  Hfective accumuldive tenperature with  Indituie of  Geogrephy , The
Boundary 3 o Quangdong Povince, Hepu, Dongdn of  >10  daly mean terperaure of 8 000 Chinee Acadeny o Sii-
Quangxi Autoronous Region to Jinping of  Yunan , and mean tenperature of the coldet  ences!™; Qu and Lul®!;
Province nmonth > 16 Xul™- %1 . gyl
From uthern Taivan - pass thoudh rorthern and T lowest morthly: mean tenperature of Koppen®!; Lul®!; Yol
Boundary 4 central Heiren 19and P v 18 , annud hiotenperature of 25 Kiral® ®: Fangl®!; Ahi e
W of 240 - nonth 4 [100]

2) the boundary between warm temperate deciduous
broad edf fores and northern subtropical zone; 3) the ex-
igence or ot of fores- geppe ecotone between tenperate
deciduous forest and seppe and their boundary ; and 4)
dividing the Qinghai- Xizang Hateau and its eagern high
nountains as a sYarate vegetation regon or rot. In the
present pgoer we are to focus on discusson about the firg
two arguments, namely , boundaries of fores vegetation
20N€s.

3.1 Boundary between the tropical and subtropical
Zones

The tropicd in Chinais located at the northern edge
o the Sutheas Adan tropica zne. It occupies a very
little part of China. The rain fores which is an indicator
of humid tropical zone is trandtiona in Chind®'. Bxterr
dve discussons have been made on the boundary between
tropical and subtropical vegetation zone , and four schemes
can be summarized (Table 2; Fig.3).

It is beneficid for discusing the tropica range in
China to know the definition of the boundary between
tropical and subtropica zone. Sudying the vegetation dis
tribution in Japan and its surrounding areas, Ahti et
a ™! concluded that the rorthern limit of the tropical
ne is oondgent with the Holdridge’ s annua mean
biotenperature (AMB) of 25 . Onthe lomandsdf low-
er latitudes, AMB vaduedf 25  equdsto Kira s Wl of
240 nonth.  Koppen'® | Wissrann'™®™ | Tre-
wartha“°21 and Yao!®! defined the rorthern limit of the
tropical onewith 18  of isotherm o the coldest month,
which is alnog equd to WI of 240 - nonth. There-
fore, climaticdly it is reanable to use WI of 240
nonth as the boundary between the subtropica and tropi-
cal vegetation zone as suggested by Kiral®!.

Typica tropical taxa can not be found in plant conr
munities in the northern parts of this regon. For exam
ple, only scattered individuals of Vatica anong Diptero-
carpaceae , a dominant family in the Sutheag Asan trop-

icd rain foregs, occurred in Hainan Idand. The genera
and ecies of other typicd tropicad families, such as
Burseraceae, Euphorbiaceae , Myrtaceae and Annacese,
are ssldom digtributed naturaly in Hainan I1dand™®!.
Acoording to a tree plot sudy with a plot of 1 hn a 820
ma.s.l. in nountain tropica rain foress of Jiarfenging
Neature Reserve in Hainan Idand, the fores is dominated
by geciesdf Lauracese , Fagaceae and Synplocaceae that
are dominant elements of subtropica foress. Moreover ,
DIMe tenperate eements, such as Betula alnoides and
Carpinus lanced ata, were a0 found in the plot. These
suggeded that foregsin this regon have gecies compos-
tion of typica subtropical evergreen broadedf forests ®!.
Thet is to sy, this area is a trandtion from tropicd to
subtropical zone florigticaly. For this reaon , Fangf™" %!
suggested that the Wi of 240 - nmonth or AMB of 25
may be used as criteria dof the southern limit of subtropical
vegetation , or the rnorthern limit of tropica vegetation.

Therefore , we agree with the scheme of the boundary
4 liged in Table 2, because thisis not only comnonly ac-
cepted and conparable internationdly , but a9 coincident
with the climetic characteridics of China and their rda
tionship with agriculturd practice. In China, the cold
winter air mass from the rorth grongy irfluences plant
growth and agricultural activities in the outhern parts.
Eooromicaly , perennia plants are used as primary culti-
vated crops in the southern areas and ecoromica damages
would be serious once cold disagter occurred!™™!. This
scheme is generally analogue to that in natural regonalizar
tion of China''®
3.2 The vegetation boundary between subtropical
and temperate zones

Chut™®! suggested that the rorthern limit of the subr
tropical zone in China run through the Qinling Mountai n-
Huaihe River-Bailongiang River line, being anog para-
lel with 34°N in latitude. However , in the early 1950s,
many authors handled the evergreen and deciduwous
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Fig.3.  Northern limits of tropica vegetation zone in China sug
geded by different authors.
For the boundaries 1 to 4, see Table 2.

broadlef mixed forest aszona vegetation of temperate and
warm tenperate. me ressarchers d clamed that the
uthern limit of the warm termperate zone should be much
nore outhward than that of the warm tenperate suggested
at present. 9nce the Qinling Mountai n- Huaihe River line
had been proposed as the rorthern boundary of subtropical
one by Chul™™®! | the evergreen and deciduous broad est
mixed foreg region was handled as subtropicd zone, and
this viempoint has been adopted until now!**"!.

The rortharn limit of evergreen broaded foreds ex
presses the moithern limit of the subtropica zone and d <
the southern lirnt of the warm temperate zone. Therefore ,
it is necessary to make clear the characteridics of the ev
ergreen broadlesf foreg before di scusdng the boundary be-
tween the subtropicd and warm tenperate zone.

A number of authors have discussed about ascription
of evergreen broadledf foreg!®!: %~ %9108, 109, 101 1 cpyj-
na, athough nmog researchers indged that evergreen
broaded foresd belongs to subtropica vegetation type,
Dme regarded it as zonal vegetation of warm tenperate
onel™!. Not only dnpg al the Jgpanese researchers
claimed that the evergreen broadledf fores belongs to zon
a vegetation of the subtropical , but European scientigs
who proposed the term® subtropical evergreen broad edf
foret” tend to use the term* warm tenperate evergreen
broaded foreg” 1% 1 12 131 - \Water!™3] described
the evergreen broadlest foret as zotd vegetation type of
warm termperate zone. International Union for the Conser-
vation of Nature (IUCN) ! handed Eagt Adan ever
green broad e fored asthe tenperate rainfores , and the
Mediterranean <clerophyllous fores as Mediterranean
broad- sclerophyil foreg.

The Jgpanese Archipelagps bedride about 20 lati-
tudes. The precipitation is plentiful acrossthe country and
plant growth is primarily &fected by thermal conditions,
thus the pattern of Jgpan’ s vegetation digribution is very
important for identifying biotenperature zones o the
world. Accoording to sudies in Jgpan, the W1 va ue for
evergreen broadlesf foreq is 85- 180 . nonth and Cl
vaue <15 .nonth!® ®! Tha isto say, thefores g
pears from Sendai along the coagtd area of the Pacific
Ocean in the rorth to southern edge of Kyushu and
Yakushima and Tangjima Idand in the south. The present
digribution of the evergreen broadlef fores reaches
40.5° N in its rorthernmog limit. This is to say, the
rorthern limit of the subtropicd zone in Jgpan dould
reach 40.5° N if the evergreen broad es fored is regarded
aszona vegetation of the subtropica zone. The isotherm
o WI 8 - nonth reaches rorth of Beijing, and the
range with Cl valued 10- 15 - nonth is broader than
the range of the current evergreen broadledf forest. Therer
fore , the subtropica zone in China could be much broader
if it was divided by the criterion described previoudy.
Thisis not the truth. In China, the didribution of ever-
green broadled fores is primarily regtricted by nmoigure
condiitions aswell as the low winter tenperature!®: % %1
Being this reaon , Chul™®! dlaimed the Qinling Mountain-
Huaihe River line to be the northern limit of the subtropi-
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ca zone when ome former USSR sciertigts suggested that
North China, outhern part of Northeag China and southr
ern Xinjiang belonged to the subtropical zone in the early
1950s. Chu' s viewpoint has been comnonly accepted by
nog researchersin China. However , if thisistrue, then
amther quegion would be raised : evergreen broadleef for-
ed ocould be digributed in the nog partsof North China if
anount of precipitation was enough for its gronth because
thermal conditionswas enough in North China. Therefore ,
ghould the rorthern limit of the subtropicd zone nove
rorthward ? f 9, what should be the criterion of tenperar
ture zone, thermd oonditions or precipitation ? The divi-
don o tenperature ones sould diriiae the Jfects of
noi gure conditions betaus: they are two diff erartt things.
In another word , its divison svwula e dependent on the
vegetation pattern in trose areas with abundant precipiter
tion.

Although nmog researchers in China regard the ever-
green broadle forest as zona vegetation type of the subr
tropica and deine Qinging Mountains Huaihe River as
its rorthern boundary , ©me disagree with this opinion.
Zhout™! argued that it was unreasnable to define the
northern limit of the evergreen and deciduwous broad ed
mixed forest asthat of the subtropical vegetation. Han!™!
pointed out that the northern limit of the subtropical zone
in Anhui Province should put much nore southern. Ahti
et al ™! defined the biotemrperature of subtropical zone as
18- 25 and WI of 150 - 160 - nonth. Fang and
Yodal®! and Fang[SG] pointed out that Qinling Mountair-
Huaihe River line is an important boundary of noigure
climate rather than the boundary between two tenperature
ones, and a detailed discusson on this will be done in
section 4.4 of the pgper. Based on a sudy of flora and
plant communities in Qinling Mountain area, Ying™™®
denongrated that the Qinling Mountai n- Huai he River line
could ot be regarded as the boundary between subtropical
and tenperate plants.

The mgjor reaon for the Qinling Mountain- Huai he
River line as the rorthern limit of the subtropica zone by
Chut™! was because the evergreen broadledt forest oc-
curred there. In redity , the evergreen broad ed foreq de
dared by Chul™®! was ot forest community but only some
individuals of evergreen trees being arsly in ome hu
mid dtes. Where is the red rorthern limit of the ever
green broadledf forests ?Deng et al'™"! reported that Cas-
tanopsis sclerophylla, Cyclobalanopsis glauca, Lithocar-
pus glabera- dominated evergreen broaded foret was dis
tributed in Huoshan and Jinzai of Anhui Povince. C.
sclerophylla, C. glauca, Castanopsis carlesi and Schi-
ma superba- dominated forest gppeared in Yixing and Wux-
ian of Jiangsu Province!®!. These areas can be regarded
as the rorthern limit of evergreen broadled foreq in the
eagern China. In conparion with the Qinling Mountain
Huaihe River line, thisline is Stuated nore southern, &
long 30° N latitude pardld. The W vdues dong this
lineare 120- 130 -nonthand CI < 10 - nonth.

That isto say, the northern limit of the subtropical
vegetation zone should be laid much nore southern if the

evergreen broadle fored is regarded as the zond vegetar
tion type of the subtropicd zne. Sng™! and Fang'®!
hence indded that the rorthern limit of the subtropica
2one in China is dong the northern coagt of the Yangtze
River , from Hangzhou Bay , Taihu Lake , Xuancheng and
Tonding of Anhui Province, suthern dope of Dabie
Mountains, Wuhan and wesward, which is ocond gent
with the WI valuesof 130- 140 - nonth.

3.3 Zonal vegetation type in the warm temperate
zone

There are a large anount of discussons on the range

and limitsof the warm tenperate vegetation zone , particu-
larly on its outhern limit. After Chul™®! adopted the Qin-
ling Mountain- Huaihe River line as the rorthern limit of
the subtropical vegetation zone in China, thisline has a-
9 regarded as the outhern limit of zond vegetation of the
warm tenperate zone in China. As discused above,
botanicd , climatologica and ecogeogrgphic evidence has
supported that this line is not the rorthern limit of the
subtropica vegetation zone and the southern limit of the
warm tenperate vegetation zone. Based on such an under-
ganding, $ng'™! and Fang'® insged that the outhern
limit of the warm tenmperate vegetation zone should be
adong the rorthern coag of the Yangze River. As pro-
posd in the previous qudies, the rorthern limit of the
warm termperate vegetation zone was along the Shenyang
Dandong linel®! . Therfore, the warm temrperate vegetar
tion zone in China would cover Shandong Peninsular ,
Lisodong Peninsular , North China and Jianghuai Fan
and Hills. The zond vegetation of the warm termperate
vegetation zone can be diginguished into two types, de
ciduwous broadest woodland and evergreen and deci duous
broadled mixed forest, acoording to heat and noigure
conciitions!®!
3.3.1 Warmtemperate deciduous broadieaf wood-
land This type is didributed in the North China Hain
and its outhern limit is dong the Huanhe River-rorthern
dope of Qinling Mountain and the rorthern limit dong the
Shenyang-Dandong line in Lisoning Povince. In case
DIMe evergreen trees can gopear in decidwus broad edf
foreds, but tall and closed foregs can not formed in lower
places due to dry climate. The Thornthwaite’  Im val ue!®!
inthisareais - 20 - 0, inplying a subhumid climate.
The vegetation type is trangtiond from grasdand to wood
land according to Thornthwaite’ s water balance sys
tem! %]

There are different viempoints about the zond vegetar
tion type in this area. For exanple, there are three un-
dergandings albout the zond vegetation in Bejing area.
The firg one is deciduwus broadles fores , as suggested
by Editoria Committee for Vegetation of China™!. The
seoond i s woodland- seppe suggested by botani ¢! and
dimatolog ¢s!®* ' %1 The third is dry broadlesf fores
suggested by Li e a™!. Fang!®! suggesed that the
2onal vegetation type is the deciduwus broadlef wood
land. Thisis supported by the early observations 2+ 121
That the woodland- seppe ecotone a the edge of the Ne
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Mongol Hateau was only dozens of kilometer avay from
Beijing is d® an evidence™®!. The climatological evi-
dence for the characterigics of deciduouswoodland in this
area can be referred to a large amount of litera
tures[SS, 93, 101, 124, 125].

3.3.2 Warmtemperate deciduous and evergreen
broadeaf mixed forest It corregponds to the rorthern
subtropica evergreen and deciduous broadled mixed for-
eg o the scheme of Editorid Committee for Vegetation of
china®! and Hou!™®! | and warm temrperate evergreen and
decidwous broadledf mixed foret of Sng™!. The rorth-
ern limit is dong the Qinling Mountain- Huaihe River I'ne
in the wed and rorthward to Shandong Penisular in the
ead , and pardld to the Thornthwaite’ s Im vaue of 0.
Its outhern limit is a9 the northern limit of the subtropi-
ca zone and generdly in conggent with the Wi 135
nonth line. The eadern part of this limit correonds to
the Im vaue of 60, which is regarded as the boundary
between perhumid (rain foreg) and humid (deciduwus
fores) climete in East Asal®!. In 2me steswith better
noi gure conditions, evergreen broadlesf forest or decidu
ous broadled foret mixed with evergreen element is dis
tributed. For exanple, in Shandong Peninsular , rorth of
this 2one, evergreen and sami-evergreen dements, such
as Machilus thunbergii and Camelia japonica, are nau
rlly distributed ™. However , npst partsof this zone are
dominated by deciduous broaded foreds due primarily to
water deficiency and secondarily to low winter tempera
ture. Many sudy have denondrated tha the extremey
low termperature should ot be lower than - 15  for the
rorthward distribution of evergreen broaded foregd™!
and winter temperature might be downto - 20  in me
areas of this regon. Fang!®’ suggested to term the zonal
vegetation as warmtenrperate deciduwous and evergreen
broaded mixed fores because vegetation in this zone is
dominated by deciduous broad edf forest and evergreen d-
ements are subordinate.

3.4 Sonificance o the Qinling Mountain- Huaihe
River line in the division of vegetation zone

After Chu!*®! proposed the Qinling Mountai n- Huai he
River line as the rorthern limit of the subtropicd zone,
thisline has become an important therma boundary. In
addition to vegetation regonaization , the climetic regonr
dization!™! | integrated physogeographica regonalizar
tion'®! and agricultural regonalization &l use this line as
the rorthern limit of the subtropicd zone. Undoubtedly ,
this line has botanicd , geographical and ecologicd Sgnif-
icance as a trandtion from humd to sm-humid area.
Nevertheless, it isworthy to be argued if thisline is re
garded as the boundary of thermal/ heat zone.

It is critica to the vegetation regondization to un-
dergand difference and relationship between therma and
humid arid (or nmoigure) dimate zne. Fang!® %!
pointed out that tropica , subtropical and tenperate zone
belong to divison of therma climate and thus without
doubt their limits should be based on thermd oconditions.
The divison o thermd zones should diminate the dfects

o noigure conditions. In another word , the divison of
thermal zones should be based on vegetation in areas with
abundant precipitation. This is why ome authord **- %8l
enphaszed the dgnificance of the vegetation pattern in
Jgpan on dividing thermd climate zone in China and in
the world because noi gure conditions are not limiting fac-
tor for plant/ vegetation digribution in Jgpan. On the othr
er hand, the divison of noigure climate zone should be
dependent on water conditions and combination of water
and heat , and it reflects life form of plants and coverage
o vegetation. It is particularly important to undergand
the relationship between the thermal zone and noigure
2one in vegetation regonalization in China because both
tenmperature and precipitation decline from suth to rorth
in the eagern part of China, and because this may cause
a misunderganding of vegetation norphology caused by
these two factors. The corfudon on the rorthern limit of
the subtropica zone/ the evergreen broadled forest zone in
China might be induced by this misunderstanding'®®!.
Table 3 ligs mgjor thermd and arid/ humid parame
ters around Qinling Mountai n- Huaihe River line to anayze
sgnificance of the line. As sown in this table, thermd
indices sowed a large changes aong the Qinling Moun-
tainHuahe River line, e.g. , WI from 103.0 to 131.0
-nonth with ameanof 121.1 - nonth; Cl from1.0
t0 10.0 -nmonthwithameand 5.3 - nonth; annud
mean tenperature from 13. 0 to 15.8 - nonth with a
mean o 14.6 - nonth; mean temperature for the cold
ed nonthfrom0.4 to 4.1 withameand 1.9 .
The values of these indexes were adl much larger than
those at the rorthern limit of evergreen broaded fores in
humid areas gudied previoudy. Moreover , WI and annu-
a mean tenperature tended to an increase and Cl to a
decrease from west to eas. This suggedts that the nore
northward digribution of evergreen broadlee fored is pos
dble. On the other hand, changes in noigure indexes
were rdatively smdl , e. g. the annua precipitation from
700 to 900 mm with a mean of 817.2 mm; Imfrom - 7
to 7withameand - 0.1. All these indexes showed that
thisline is the trandtion from humid to semi- humid cli-
mete and that water deficiency regtricts the northward ex-
pandon of evergreen broadled foreds. This further sup-
ports the concluson of that Qinling Mountai n- Hual he Riv
er line is not the northern limit of the subtropical zone in
China, but a pseudo-thermd limit caused by water defi-
ciency!- %1
3.5 The significance o the Nanling Mountains line
The climetic indexes along the Nanling Mountains
line are WI value of 170 - 180 . nonth and annua
mean tenperature of 20 , which correponds to the
rorthern limit of the subtropical zone of Kira® "1 and
Ahti e al!*™! Thisline correponds to the outhern limit
o suthern subtropica nmonoon evergreen broad e forest
one of Editorid Committee for Vegetation of Chingl ™!
and subtropical evergreen broadlef forex zne o
Sng' ™!, and to the boundary between the tree ecies
gouwps (e.g. Castanopis hystrix, C. indica) of typica
subtropicd  evergreen  broadlest fores and those
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( Cryptomerya chinensis, Ficus g9p.) of the southern ev
ergreen broadl edf forest identified by Fang™ ' %!, Accord
indy, it can be undergood that the rorthern part of the
line istypicd evergreen broaded foreg and its outh part
is a trangtion from the subtropicd to tropicad. This view
point is ooincident with claim of that the southern dope of
the Nanling Mountai ns was the rorthern limit of utheast
subtropical rain forests by Hel'®!.

4 Climate Changes and Vegetation Regional-
ization

The current China’ s vegetation regondization is
actudly a datic divison of kiocimetic 2one o potential

vegetation zone. However , climate, egecidly, winter
tenperature , has remarkably changed in China during the
lag severa decades. This should influence grongy digtri-
bution of vegetation and crops, and agriculturd activi-
ties'™!. (orreponding to such changes in climate/ plant
digribution, it would be an urgent demand to develop a
dynamic vegetation regiondization based on vegetation-cli-
mete relationships. To illugrate the inportance of dynamr
ic vegetation/ climete didribution, two meps of the ther-
mal and arid/ humid climate zones derived from mean cli-
metic variables of two periods of 1950 - 1979 and 1970 -
1999 are shown in Fgs. 4,5, repectively. The threshold
valuesfor the climate zones used in the figures are liged
in Table 4.

Table 3 Mgor therma and arid/ humid indexes a mgor dtes dong the Qinling Mountain- Huaihe River line

Sation Latitude Longtude Altitude W cl AMT MTCM P Im
(N) (B (m) (__-north) (- nonth) () () (mv a)
Bengbu 3257 117°23 18.7 129.8 5.5 15.4 1.7 924.3 3.1
Qnian 3338 116°59 25.9 124.4 8.5 14.7 0.7 836.7 -0.8
Souxian 3232 116°35 2.7 125.5 6.6 14.9 1.3 916.6 6.0
Fuyang 32°55 115°49 30.6 128.8 5.5 15.3 1.7 900.0 2.3
Boxian 3352 115°46 37.7 123.9 8.8 14.6 0.5 780.0 -4.8
Xihua 3347 114°31 52.6 120.8 8.9 14.3 0.6 761.7 -5.0
Badfeng 33’53 113°03 136.4 121.9 8.4 14.5 0.8 731.6 -7.5
Zzoyang 3209 112°45 125.5 129.4 3.6 15.5 2.3 843.2 -1.8
Nanyang 33702 112°35 129.2 124.5 6.5 14.8 1.4 762.3 -5.9
Xixia 3330 111°50 250.3 123.9 4.3 15.0 2.2 843.7 0.0
Quanghua 3223 111°40 90.0 128.7 3.3 15.5 2.5 843.4 - 0.6
Yunxian 32’50 110°49 201.9 131.0 1.7 15.8 3.4 830.0 -3.1
Fangxian 3202 110°46 426.9 116.2 5.6 14.2 1.8 833.0 0.9
Mulan 3300 110°25 249.1 124.8 3.0 15.2 2.5 754.8 - 6.6
Shand wo 3352 109°58 742.2 102.9 9.8 12.8 0.4 676.2 -5.1
Zhen' an 3326 109°09 693.7 102.9 7.2 13.0 1.4 767.6 1.9
Xikang 3243 109°02 290.8 128.8 1.6 15.6 3.5 816.4 -3.2
Shiquan 3303 108°16 484.9 116.8 2.9 14.5 2.8 873.9 9.1
Harzhong 3304 107°02 509.5 115.8 4.1 14.3 2.4 84.0 7.2
L ueyang 3319 106°09 794.2 104.6 5.1 13.3 2.1 799.3 7.3
B ngwu 3225 104°31 876.5 116.7 0.9 14.7 4.1 812.7 3.9
Mean 121.1 5.3 14.6 1.9 817.2 -0.1
D 8.71 2.65 0.8 1.0 62.05 4.9

W , warnth index; Cl , coldnessindex; AMT, annud mean tenperature; MTCM , mean tenperature for the coldest nonth; P, annud precipitation; Im, nois

ture index.

Table 4 Giitica dimatic indexesfor dividing vegetation regon of China (Modified from Thornthwaite!®! ; Trornthwaite and Hard ™™ ; Fang

and Yoda®" #! : Fangl®!)

Thermdl_climete

dimate type dimatic index Vegetation type a humid condition
@l d-tenperate W <50 niferous forest

Tenperate 50< W <90 Mixed coniferous and deci duous forest

Warm-tenperate (rnorthern subzone)
Warm-tenperate (southern subzone)

90< W <120, Cl >10
120< W <135, Cl <10

Deciduwous broadegf wood and
Decidwous and evergreen broad et Mixed forest

Subtropica 135< W <240 Evergreen broad edf forest
Tropica W <240 Rain fores and nonsoon forest
Arid/ humid dlinmgte

dimete type dinstic index Vegetation type at warm condition
Arid Im< - 40 Desart

Semiarid -20> Im> - 40 Gasdand

SQubhumid 0>Im>-20 Wood and

Humid 60> Im>0 Decidwus fores

Perhumid Im > 60 Evergreen forest

W, warmth index (

-north) ; Cl, coldnessindex (

-month) ; Im, moigure index.
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Fig.4. Thermd climate zones of two periods of 1950 - 1979 and 1970 - 1999 in China.

All the boundaries o the therma zones tend to nmove rorthward during 1970 - 1999 commpared with period of 1950 - 1979 in the eagtern part of
China, of which the rorthern limit of the southern warm temperate zone (Qinling Mountai n- Huanihe River-line) (A) and of the rorthern warm
temperate zone (outhern Liaoning Province) (B) remarkably noved northward.
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Fig.5. Arid/ thumid climate zones of two periods (1950 - 1979 and 1970 - 1999) in China.

Remarked change can be found in the folloning places: A, the range of evergreen broaded fores has expanded, particuarly in area from
Zhuhai (Quangdong Province) to the southern dope of the Nanling Mountainsin the period of 1970 - 1999; B, the dlimate in North China has
become drier , particuarly in rorthwegern North China Hain, and a large area has become semi-arid (grasdand) dimate from semi- humid
(woodland) ; C, Shandong Peninsular is becoming drier and this has led to a southward movement of the northern limit of the warm tenperae
decidwus broaded foreq ; D, the Da xing an-ling Mourtai ns became nore humid.
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Qearly, dl the boundaries of the thermal zones tend
to nove rnorthward during 1970 - 1999 conpared with per
riod of 1950 - 1979 in the eagern part of China, of which
the rorthern limit of the suthern warm tenperate zone
(Qinling Mountain- Huanihe River-line) (Fg.4A) and of
the northern warm tenperate zone (outhern Lizoning
Province) (Fg. 4B) remarkably noved rorthward (Fg.
4) . On theother hand , boundariesdf the arid/ humid cli-
mete zones in these two periods reveded a dgnificant vari-
aion. In conparion with the period of 1950 - 1979, the
changes during 1970 - 1999 can be summarized as follows
(Fg.5) : 1) the range of evergreen broadles forest ex
pandsin the period of 1970 - 1999, particularly in area
from Zhuhai (Quanacitg Provinee) to the southern sope
o the Nanling Mourtains (Fig. SA) ; 2) the climete in
North China has becorne Crier , particuarly in northwest-
ern North China Hain, and a large area has become semi-
arid (grasdand) climate from semi-humid (woodland) |,
and this has resulted in an increase of grasdand area
(Fg.5B) ; 3) Shandong Peninsular is becoming drier and
this has led to a southward novement of the rorthern limit
o the warm temperate deciduous broades fores (Fg.
5C) ; and 4) part of the Da-xingan-ling Mountains be:
came nore humid (Fg.5D) .

In closure , vegetation pattern will change with cli-
metic variation. However , vegetation and climate data
used in the previous vegetation regondization of China
were anog obtained before the 1970s or 1980s, and
therdfore the vegetation regiondization could ot reflect
the current didribution of either vegetation or climate.
How vegetation regondization reflects the dynamic cli-
mete and the dynamic vegetationclimate relationships is
an urgent theme that vegetation ecology isfacing.
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