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Abstract

Classification of vegetation is an essential tool to systematically describe and understand the characteristics of 
vegetation. China is one of the vegetation type-richest countries in the world. However, the methodologies and 
achievements of vegetation research in China, especially its vegetation classification system, are little known to 
the world. Here we briefly review the developmental history of the China vegetation classification system 
(China-VCS), and present its key concepts, main features and detailed protocols, as well as the applications. 
Professor Hou first presented the vegetation classification principles and a five-level system for the vegetation 
of the entire country in 1960. The system was modified to eight levels and more than 500 formations were de-
fined in 1980. The system was revised in the book “Flora and Vegetation Geography of China” in 2014. The 
China-VCS separates cultural vegetation from natural/semi-natural vegetation; for natural/semi-natural vege-
tation, it uses an integrated physiognomic-ecological-floristic-dynamic classification approach. It has eight hi-
erarchical levels, i.e., Vegetation-type-group, Vegetation-type, and Vegetation-subtype; Formation-group, For-
mation and Subformation; as well as Association-group and Association. Each vegetation-type-group is 
considered as a consistent classification section ( CCS). Seven vegetation-type-groups, 40 vegetation-types and 
93 vegetation-subtypes have been described in this system. About 1519 formations belonging to 711 formation-
groups have been primarily vetted and listed, while the systematic census data on subformations, association-
groups and associations are still not available due to the lack of a national plot database. Cultural vegetation is 
classified according to plant growth form, community structure, habitat factors, cultivation regimes and eco-
nomic significance. The classification system for cultural vegetation includes five hierarchical levels, i.e., Cate-
gory, Type, Subtype, Cultivation-group and Cultivation. The China vegetation classification system has been 
widely used not only for vegetation description and mapping but also for biodiversity conservation and ecosys-
tem management. Areas of the system that need further improvement include increasing its compatibility with 
other major vegetation classification systems in the world, using more quantitative indicators, using other indi-
cators if no dominant species can be identified and developing a more appropriate system for cultural vegetation 
classification.
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Introduction

China’s territory spans several climate zones, from tropi-
cal to cold temperate, and has large relief variations from 
coastal to the Himalayan Mountains. The territory is rich 
in vegetation types. However, the methodologies and 
achievements in vegetation research in China, especially 
the vegetation classification system used by Chinese sci-
entists, are little known to the world. In addition to the 

obvious reason that all major achievements in vegetation 
research in China were published in Chinese, two other 
reasons may explain the lack of sharing classification 
knowledge. First, modern vegetation research in China 
started relatively late and the early vegetation scientists 
adopted different approaches from different schools of 
vegetation science in their work (ECVC 1980; Song 
2001); thus, China lacked a unified standard and method. 
Second, China is a country with a vast territory, complex 
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114 Ke Guo et al.

Ridge of Chung-shan, Nanking” in 1932 (ECVC 1980, 
Qian 2004). These papers are considered the earliest clas-
sification works in China. After Sung-Shu Chien, Ji-Tung 
Li continued to teach in Tsinghua and mainly focused on 
forest investigation. His students and other researchers 
published a series of vegetation investigations and studies 
at regional scales or on special habitats. However, these 
studies mainly described the characteristics of plant com-
munities, such as the dominant species and ecological dis-
tribution patterns, without a systematic vegetation clas-
sification.

Extensive vegetation surveys and effective 
organization led to systematic vegetation 
classification from 1950’s to 1980’s

After the civil war in the mainland of China, in order to 
exploit natural resources effectively, a large number of 
extensive vegetation survey programs were successively 
conducted from the 1950’s to the 1980’s at the   provincial 
scale and in many key regions with ecological and/or 
economic significance. At the same time, many depart-
ments and local governments also organized local vegeta-
tion surveys for special purposes. Overall, these surveys 
covered most of the country.

A large number of plots were acquired from these pro-
jects, but these surveys were conducted by different ex-
perts with various methods, such as the geobotanical ap-
proach learned from Russia (Lavrenko & Korcagin 1959) 
and the phytosociological approach learned from Europe 
(Braun-Blanquet 1964). Most of the plot data were kept 
by the investigators themselves or the survey organizers, 
and a large number of plant communities were defined in 
various publications. Characteristics of associations or 
plant communities were described based on these plots, 
but there was not a consistent national vegetation classi-
fication system.

Xue-Yi Hou played the most important role in unify-
ing vegetation research methods including vegetation 
classification in China. He published the first version of 
“Vegetation of China” (Hou 1960), in which the overall 
characteristics of Chinese vegetation were described and 
a “phytocoenological-ecological principle” for vegeta-
tion classification was proposed and used. This principle 
integrated both plant community physiognomy and eco-
logical attributes in vegetation classification. He pro-
posed a draft China vegetation classification system with 
five levels: vegetation-type, formation-group, formation, 
association-group and association; 27 vegetation-types 
were defined for natural/semi-natural vegetation. He also 
suggested that the addition of a level below vegeta-
tion-type might be necessary and some types might be 
redefined as research progressed.

In 1976, the Chinese Academy of Sciences organized 
the Editorial Committee of Vegetation of China (ECVC) 

natural conditions and diverse vegetation types. Most 
Chinese vegetation scientists focused their research on 
specific vegetation types in local regions and failed to ac-
quire comprehensive knowledge on vegetation character-
istics at the national scale.

Vegetation classification is an essential tool to system-
atically describe vegetation characteristics and prepare 
vegetation maps, as well as to understand, manage and 
protect biodiversity and ecosystem function, especially 
for a large region or nation (De Cáceres et al. 2015 ). There 
are various vegetation classification approaches and sys-
tems in the world, even in China, which seriously hinders 
integration, sharing and application of vegetation infor-
mation and data (UNESCO 1973; Song 2004, 2011, 2013; 
ECVMC-CAS 2007; Chen et al. 2014). Recently, we have 
launched a large project to systematically synthesize and 
summarize available information on Chinese vegetation 
types to compile the “Vegetation Monographs of China”. 
One of the challenges in this project is to propose a 
proper vegetation classification system; i.e., deciding to 
continue to use the current China vegetation classifica-
tion system (ECVC 1980, ECVMC-CAS 2007, Chen et 
al. 2014), or to improve it so that the classification system 
can be more easily compatible with major international 
classification systems (Song 2011).

To enhance the communication with international 
vegetation scientists who do not understand Chinese and 
improve their understanding of vegetation classification 
in China, here we introduce: (1) the history of vegetation 
study leading to the vegetation classification in China; (2) 
the China Vegetation Classification System (China-
VCS); and (3) the application of China-VCS in vegetation 
mapping and ecosystem management. Finally, advantages 
and limitations of this approach and system are discussed.

History of vegetation study leading to the 
vegetation classification in China

Pioneer studies characterized by local 
investigation and simple descriptions of plant 
communities without systematic vegetation 
classification

The rise and development of phytocoenology and vege-
tation ecology in the world, especially in Europe, was 
mainly during the 100 years before 1950, whereas the 
vegetation survey and research in China started much 
later, in the 1920s, and used the various methods from 
different schools of vegetation science in America and 
Europe (Song 2001). In 1922, plant ecology or phyto-
coenology was first introduced in the text book “High 
Botany”. Sung-Shu Chien started to teach plant ecology 
and research in 1925 in Tsinghua University. He pub-
lished “Preliminary Notes on the Vegetation and Flora of 
Huang Shan” in 1927 and “Vegetation of the Rocky 
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China Vegetation Classifi cation 115

to systematically summarize the achievements of vegeta-
tion surveys and research in China and to compile the 
book “Vegetation of China”. Experts from throughout 
the country pooled their plot data together and con-
ducted an intensive discussion on vegetation classifica-
tion. Based on Hou’s phytocoenological-ecological prin-
ciple and their plot data, they reached a broad consensus 
on the vegetation classification system with three classes 
including eight levels and set up the primary criteria for 
each level. The criteria included vegetation physiognomy, 
dominant species, floristic composition, and environ-
mental attributes; thus, it is an integrated physiognomic-
ecological-floristic-dynamic classification approach. Fi-
nally, 29 vegetation-types and 561 formations for natural/
semi-natural vegetation were defined in this book based 
on plot data and associations previously published 
(ECVC, 1980). However, some of the criteria were equi-
vocal and were not strictly enforced. Further, the nomen-
clature of classification units was not unified. 

Cultural vegetation was also classified. Criteria in-
cluded plant growth form, community structure and 
habitat factors, as well as management patterns and eco-
nomic significance (see below).

Completion of China-VCS; The classification 
approach

During the next 30 years, more and more plot data were 
acquired from continuous vegetation surveys. Dozens of 
vegetation books, thousands of papers and theses were 
published and many new plant community types were 
described. In these publications, the phytocoenological-
ecological principle and the framework of vegetation 
classification were modified in general, but some criteria 
were revised and classification levels were renamed. For 
example, in “Vegetation Map of the People’s Republic of 
China (1:1.000.000)” complied during the 1980’s and 
1990’s (ECVMC-CAS 2007), the consistent classification 

sections (CCSs; a subset of a classification system where 
vegetation types are defined using the same criteria and 
procedures; De Cáceres et al. 2015) and the protocols of 
vegetation classification were modified, and the number 
of vegetation-types was changed to 46 for natural/semi-
natural vegetation and seven for cultural vegetation.

Based on synthesizing the latest vegetation research, 
China-VCS was revised in the book “Flora and Vegeta-
tion Geography of China” (Chen et al. 2014). All classifi-
cation levels were revised, and most of the consistent 
classification sections (CCSs) were re-defined with more 
exact criteria. A unified nomenclature was established. In 
total, 40 vegetation-types of seven vegetation-type-
groups were defined in the latest China-VCS. More de-
tails are described below.

China Vegetation Classification System 
(China-VCS)

Overall structure and main features of the 
classification approach

Natural/semi-natural vegetation classifi cation

The classification system for natural/semi-natural vege-
tation has three main levels: upper level vegetation-type, 
middle level formation, and lower level or basic level as-
sociation. Above each of the three main levels, an auxil-
iary level is additionally used, i.e., group of the level. Un-
der the vegetation-type and formation levels, there is also 
an auxiliary sublevel. So, there are eight levels in total 
(Table 1). Each of the seven vegetation-type-groups is 
considered as a CCS. Within each vegetation-type-group, 
some vegetation-types that have only one vegetation-
subtype are directly classified into formation-groups. 
For example, there is not a subtype under the ‘Sclero-
phyllous evergreen broad-leaved forest vegetation-type’ 
that only includes one formation-group and 13 forma-

Table 1. Hierarchy of China Vegetation Classification System.

Levels Units Examples

Upper

Vegetation-type-group Forest

Vegetation-type Deciduous needle leaved forest

Vegetation-subtype Cold temperate deciduous needle leaved forest

Middle

Formation-group Larch forest (Larix forest)

Formation Larix gmelinii forest

Subformation –

Lower (basic) Association-group Larix gmelinii-Ledum palustre forest

Association Larix gmelinii-Ledum palustre-Vaccinium 
vitis-idaea-Sphagnum squarrosum forest
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116 Ke Guo et al.

tions dominated by 13 evergreen oaks mainly occurring 
in areas of southwestern China, where the climate is 
characterized by a hot and dry period during the spring 
and early summer. As finer resolution levels are always 
nested within a coarser resolution level, a new plot can be 
assigned by comparing the attributes of the sampled 
community with the criteria of CCSs in the top-down 
direction. Here we briefly describe the concept of each 
level:

Vegetation-type-group is the uppermost unit and is 
defined based on the comprehensive ecological condi-
tions and the physiognomy of vegetation. The unit gen-
erally reflects the main continental biomes (zonal vegeta-
tion) and the main azonal vegetation. Seven vegetation-
type-groups are defined as forest, scrubland, desert, 
steppe, meadow and herbaceous thicket, alpine vegeta-
tion, and swamp and aquatic vegetation (Chen et al. 
2014).

Vegetation-type is the main upper class unit in the 
same vegetation-type-group, which is the assemblage of 
the plant communities with the dominant species in the 
dominant stratum sharing same or very similar life form 
(or growth form; Supplement S1). Communities with the 
same physiognomy and similar ecological processes were 
classified into a vegetation-type. For example, deciduous 
needle-leaved forests and evergreen needle-leaved forests 
are defined as different vegetation-types. Forty vegeta-
tion-types are defined in the current China-VCS.

Vegetation-subtype is classified mainly based on the 
differences in ecological conditions of the same vegeta-
tion-type. The determining factors are different among 
CCSs. For example, temperature may be one of the main 
factors in some vegetation-types but not in others; 93 
vegetation-subtypes are defined.

Formation-group is the assemblage of the forma-
tions, of which the dominants have very similar growth 
form and ecological habits (Supplement S2) and belong 
to the same taxonomic genus. About 711 formation-
groups have been defined, including those only contain-
ing one formation.

Formation is the main middle class unit under one 
vegetation-type or vegetation-subtype, and is the assem-
blage of the plant communities with the same dominant 
species in the dominant stratum.   About 1519 formations 
are defined, but some of them need to be reviewed.

Subformation is an auxiliary class unit below forma-
tion. Some species with wide ecological amplitudes may 
dominate in plant communities occurring in obviously 
different ecological habitats, but the difference is not 
large enough to assign the communities into different 
vegetation-types or vegetation-subtypes. These commu-
nities can be classified as different subformations. For 
example, the desert communities dominated by Haloxy-
lon ammodendron can be assigned to four subformations, 
i.e., H. ammodendron sandy desert, H. ammodendron 
gravelly desert, H. ammodendron loamy desert and H. 

ammodendron halophytic desert. It is not necessary for 
most formations to be classified into subformations.

Association-group is the assemblage of communities 
with the same dominant species in the dominant stratum 
and in a second stratum which share similar structure and 
ecological conditions, such as temperature, moisture, soil 
pH and texture, landform, etc. There is not a systematic 
census of association groups in China’s classification sys-
tem.

Association is the basic class unit, which is the assem-
blage of the communities with same or very close proper-
ties, such as the same dominants in all strata or synusiae, 
very similar overall species composition and structure, 
and very similar ecological conditions. Currently, there is 
not a systematic census of associations for the entire 
country, but some have been identified and described in 
publications (Song 2013; Wang et al. 2014; Yang et al. 
2014).

Cultural vegetation classifi cation

Cultural vegetation is classified according to plant growth 
form, community structure, habitat factors, management 
patterns and economic significance. The hierarchy of the 
cultural vegetation classification system is defined sepa-
rately from that of natural vegetation; it has five levels: 
category, type, subtype, cultivation group, cultivation 
( Supplement S3). There are three categories, i.e. herba-
ceous, woody, herbaceous and woody, defined by plant 
life form. Type is defined by the physiognomy and struc-
ture of the community and the economic products. Field 
crop type is classified into dry-land crop and paddy-land 
crop subtypes, while both economic forest types and or-
chard types are classified as deciduous subtype and ever-
green subtype. Cultivation group is recognized by the 
cultivation regime; for example, number of crops per 
year, including crop rotations and multicrop systems. 
Cultivation is recognized by the cultivated plant species.

Classification protocols for natural/semi-natural 
vegetation

The protocols for assigning a plot to a classification unit 
are listed in Table 2 and Supplement S4; separate proto-
cols are given for each of the CCSs (each hierarchical 
level for each vegetation-type-group). For vegetation-
type-groups, criteria focus on climate and dominant 
physiognomic cover. Classification protocols for the 
middle levels of the hierarchy (formation-group, forma-
tion, and subformation) are mainly based on the floristic 
dominants in the dominant strata, and the subformations 
usually reflect the differences of community habitats. 
Classification protocols for the lower levels of the hierar-
chy (association-group and association) are the floristic 
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China Vegetation Classifi cation 117

dominance in multiple strata or synusiae. The criteria be-
low represent the intensive class definitions of the types.

In the   forest vegetation-type-group and the scrub ve-
getation-type-group, the protocols and criteria to distin-
guish vegetation-types are mainly life form of the domi-
nants and community physiognomy, and sometimes par-
ticular ecological habitats (Supplement S4.1-4.2). For 
example, forest vegetation-type-group is divided into 12 
forest vegetation-types having the same or similar domi-
nant growth forms: deciduous needle-leaved forest, ever-
green needle-leaved forest, mixed needle and broad-
leaved forest, deciduous broad-leaved forest, mixed de-
ciduous and evergreen broad-leaved forest, evergreen 
broad-leaved forest, etc. For classifying vegetation-sub-
types, the criteria are based mainly on the ecological con-
ditions, such as temperature, moisture availability and 
soil properties, and occasionally on particular commu-
nity structures (ECVC 1980, Chen et al. 2014). For ex-
ample, evergreen needle-leaved forest includes four vege-
tation-subtypes adapting to regional temperature: cold 
temperate evergreen needle-leaved forest, temperate ev-
ergreen needle-leaved forest, warm evergreen needle-
leaved forest, and hot evergreen needle-leaved forest. At 
the formation-group level, cold temperate evergreen nee-
dle-leaved forest can be divided into four formation-
groups dominated by different taxonomic genera: cold 

temperate Abies forest, Picea forest, Pinus forest and Sa-
bina forest. At the formation level, the cold temperate 
Abies forest can be classified into different formations 
dominated by different Abies species; e.g., Abies fargesii 
forest, Abies chensiensis forest, Abies georgei, etc. Finally, 
Abies fargesii forest can be classified into different asso-
ciations showing the same dominant species in all strata, 
very similar species composition and structure and simi-
lar ecological conditions.

  In the desert vegetation-type-group, the protocols and 
criteria to distinguish vegetation-types especially focus on 
leaf morphology of the dominants (Supplement S4.3). 
Two vegetation-subtypes (i.e., succulent leaved semi-
shrub desert vegetation-subtype and succulent leaved 
halophytic semi-shrub desert vegetation-subtype) are de-
fined within the succulent leaved semi-shrub desert vege-
tation-type, while the other seven vegetation-types have 
no subtypes classified. In the steppe vegetation-type-
group and the meadow and herbaceous thicket vegeta-
tion-type-group, the protocols and criteria to define vege-
tation-types are the dominant life form (growth form) 
and community physiognomy (Supplement S4.4-4.5). For 
vegetation-subtypes, criteria are the habitat properties 
and the ecological types of the dominant (component) 
species. Moisture availability is especially important for 
defining steppe vegetation-subtypes. In the alpine vegeta-

Table 2. The criteria to define the seven vegetation-type-groups.

Vegetation-
type-groups

Criteria of plant communities Additional ecological and physiognomic features

Forest Dominated by trees, and 
coverage of tree layers ≥ 30%

Humid and semi-humid climate, or the tree roots can reach 
underground water; Normally, tree layer is higher than 5 m with 
exceptions in mangrove forest, coral island forest and dwarf 
forest near tree line up to alpine in mountains.

Scrub Dominated by mesophytic scrub 
layers and coverage of the scrub 
layers ≥ 30%

Humid, semi-humid and semi-arid climate, or the scrub roots 
can reach underground water; Saplings with scrub height may 
be included in scrub layer. Height is normally < 5 m.

Desert Dominated by shrubby and/or 
semi-shrubby super-xerophytes; 
plants usually are sparse; the 
coverage of plant community is 
usually < 30%

Arid climate; Usually bare land is more than 50%. Plants of 
Haloxylon genus grow sometimes as small trees and more 
than half of the twigs are withered and die in winter. They had 
been recognized as dwarf semi-arbor and the communities 
dominated by them recognized as desert.

Steppe Dominated by xerophytic herbs 
or semi-shrubs.

Semi-arid climate mainly; Most of aboveground parts of the 
semi-shrubs wither and die during winter, and only the basal 
part of the individual may produce new shoots.

Meadow and 
herbaceous thicket

Dominated by herbaceous 
mesophytes.

Temperate to cool-temperate and semi-humid to humid 
climate; or with shallow groundwater; or a relatively stable 
succession state in herbaceous phase of forest or scrub under 
frequent human interference.

Alpine vegetation Dominated by mesophytic herb Above the forest-line or shrubland in altitudinal belt.

Swamp and aquatic 
vegetation

Dominated by hygrophyte 
hydrophyte, but not include the 
mangrove communities.

 Extremely wet soil and water on ground surface, and even in 
water body. Mangrove is defined as one vegetation-type 
belonging to forest.
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tion-type-group and the swamp and aquatic vegetation-
type-group, the classification protocols to define vegeta-
tion-types and vegetation-subtypes are community phys-
iognomy and habitat features (Supplement S4.6-4.7). The 
dominant life form is important for defining vegetation-
subtypes of alpine tundra and the features of water habi-
tats for classifying swamp and aquatic vegetation.

Applications of China Vegetation 
Classification System

Spatial and temporal scope

The classification is based on expert knowledge from 
studies completed from 1950 to present and encompass-
ing all known plant communities throughout China, al-
beit plot data are limited in some areas.

Degree of completeness

Generally, the concept and definition of formations are 
relatively clear and widely accepted by most of Chinese 
ecologists, although sometimes it is difficult to determine 
the dominant species of complex communities in sub-
tropical and tropical areas. Most books currently describe 
the characteristics of vegetation at the formation level. As 
noted above, about 1519 formations have been vetted af-
ter systematically summarizing the published data. As-
semblage of these formations above Formation levels is 
confirmed as well. As few books describe the vegetation 
at the association level (Song, 2013; Wang et. al. 2014), the 
quantities of associations and association groups in the 
classification are still not clear.

Applications

Since the publication of “Vegetation of China” in 1980, 
the vegetation classification approach has been applied 
by most Chinese scientists in their research and practices, 
such as vegetation surveys, biodiversity monitoring and 
nature conservation, ecosystem classification (Sun 2005) 
and regional development planning. Most books describ-
ing vegetation in a province or region adopted this sys-
tem. In some applications, the systems were more or less 
modified, for example on classification levels and CCSs 
as well as protocols and nomination standards, to cope 
with particular vegetation features in a province or region 
(Huang et al. 1988; IBCAS 1988), or due to authors’ pre-
ference or traditional habits (Wang et al. 2014). The clas-
sification system and map were also widely used in the 
study of global change effects, such as in the estimates of 
ecosystem carbon fluxes, biodiversity and ecosystem dy-
namics.

Mapping

China-VCS was widely applied in different versions 
of national vegetation maps (scale 1:4 000 000, scale 
1:1 000 000) and in vegetation maps of different provinces 
and regions with various scales. Formation is the most 
common vegetation mapping unit. Lower levels, how-
ever, are also mapped according to the variable distribu-
tion patterns of particular formations. For example, Larix 
gmelinii forest is the most common formation in the 
Daxinganling Mt. Its extent on a vegetation map (scale 
1:1 000 000) would be very large compared to most other 
types. Therefore, some subformation units for this for-
mation may be applied so that more detailed information 
about the distribution pattern of this formation can be 
realized for research and land stewardship.

Supportive infrastructure

Currently, there is not a national vegetation database and 
most plot data are kept by vegetation scientists person-
ally or ecology-related departments, such as the Institute 
of Botany, Chinese Academy of Sciences, and Peking 
University. We are trying to construct a national vegeta-
tion information database to manage comprehensive ve-
getation data and information of China, including plot 
data and habitat features, pictures of communities and 
component species, pertinent literature, vegetation maps, 
descriptions of the vegetation classification system and 
community types, etc.

Advantages and limitations of the approach

China-VCS is a fundamental achievement and a useful 
tool for ecological research in China. The classification 
approach is highly adaptive and can be easily imple-
mented in practice to define new community types and 
describe their characteristics. Based on the top-down hi-
erarchical levels of the classification system, it is easy to 
assign a new vegetation plot into the current vegetation 
classification system or define a new classification unit if 
the plot does not match any given unit. Based on the clas-
sification system, most vegetation types in China have 
been described at different detailed levels during the past 
40 years. It is an introduction and short way to compre-
hensively understand and sustainably manage the vegeta-
tion of China.

The classification system still has many limitations, al-
though it has been modified by many experts personally 
or collaboratively in various research and applications. 
Four areas are in need a consideration for classification 
improvement. The first area is compatibility with other 
vegetation classification systems. The current classifica-
tion levels and unit names are not consistent with other 
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major vegetation classification systems in the world; even 
in China, there are many personally modified versions 
(e.g., Song 2004, 2011; ECVMC-CAS 2007; Chen et al. 
2014; Wang et al. 2014). This inhibits academic communi-
cation. For example, “formation” in this system refers to 
the communities with the same dominant species in the 
dominant stratum, whereas in other systems, these same 
criteria may define as a “group” or “alliance” (e.g., US 
National Vegetation Classification or Braun-Blaunquet 
approach). The second involves the accuracy of the de-
scription of plant communities using quantitative, instead 
of qualitative, descriptors. For instance, plant growth of 
the same species may vary among habitats. Life form of 
Haloxylon is considered a tree, but they often grow in 
shrub form. Assigning a plot or community dominated 
by these shrub-like plants is still difficult and seems arbi-
trary. The third area for improvement may be on sub-
tropical and tropical forests, which often consist of di-
verse species in the canopy tree layer that have nearly 
equal dominance. Thus, defining such a plant community 
using its dominant species is arbitrary. The fourth area 
for improvement is within cultural vegetation, which is 
very complex and may vary due to many external drivers, 
including economic conditions and societal development. 
Current classification approaches do not cope with all of 
the complex cultural vegetation types.
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Supporting information to the paper Guo, K. et al. China Vegetation Classification: 


concept, approach and applications. Phytocoenologia. 


 
Supplement S1. Plant Life form system. 
 


Plant Life form system 
Ⅰ.Woody plant 


1. Tree 
  (1) Coniferous tree 
     1) Evergreen coniferous tree 
     2) Deciduous coniferous tree 


(2) Broad-leaved tree 
1) Evergreen broad-leaved tree 


   2) Deciduous broad-leaved tree 
 (3) Fascicled-leaved tree 


1) Palm type 
2) Tree fern type 


 (4) Leaf-reduced tree 
1) Twig-shed tree 
2) Twig-alive tree 


2. Shrub 
  (1) Coniferous shrub 


 (2) Broad-leaved shrub 
1) Evergreen broad-leaved shrub 


   2) Deciduous broad-leaved shrub 
 (3) Fascicled-leaved shrub 


1) Palm type 
2) Yucca type 


 (4) Leaf-reduced shrub 
1) Succulent shrub 
2) Ephedra type 


(5) Cushion-like dwarf shrub 
1) Branch-dense shrub 
2) Branch-loose shrub 


3. Bamboo 
  (1) Erect bamboo 
     1) Monopodial bamboo 
     2) Sympodial bamboo 
     3) Mixed bamboo 


(2) Climbing bamboo 
4. Liana 
  (1) Evergreen liana 


(2) Deciduous liana 







2 
 


5. Woody epiphyte 
6. Phytoparasite 
  (1) Holoparasite 


(2) Hemiparasite 
Ⅱ. Semi-woody plant 


7. Semishrub and dwarf semishrub 
  (1) Semishrub 
     1) Normal semishrub 
     2) Succulent semishrub 
     3) Leaf-reduced semishrub 


 (2) Dwarf semishrub 
     1) Normal dwarf semishrub 
     2) Succulent dwarf semishrub 
     3) Leaf-reduced dwarf semishrub 


 (3) Cushion-like dwarf semishrub 
Ⅲ. Herb 
A. Terrestrial herb 


8. Perennial herb 
  (1) Fern 
  (2) Banana type 
  (3) Bunch grass 
     1) Dense bunch grass 
     2) Scattered bunch grass 
  (4) Rhizome grassy plant 
     1) Rhizome grass 
     2) Rhizome sedge 
  (5) Erect-stemmed forb 
  (6) Prostrate forb 
  (7) Rosette forb 
  (8) Cushion-like herb 
  (9) Herbaceous liana 
  (10) Succulent herb 
  (11) Ephemeral herb 
  (12) Herbaceous epiphyte 
9. Annual herb 
  (1) Annual fern 
  (2) Spring annual herb 
  (3) Winter annual herb 
  (4) Ephemeral herb 
10. Herbaceous Phytoparasite 
11. Herbaceous saprophyte 


B. Aquatic herb 
12. Aquatic herb 
  (1) Emergent anchored herb 
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  (2) Floating-leaved anchored herb 
  (3) Floating herb 
  (4) Submerged anchored herb 


Ⅳ. Thallophyte 
13. Moss and lichen 
  (1) Moss 
  (2) Lichen 
14. Phytocomycetes 
  (1) Alga 
  (2) Fungus 
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Supplement S2. Plant ecological types (Plant ecological habits) 
 


Plant ecological types 
Ⅰ.Adaptation to water 
   1. Hydrophyte/Aquatic plant 
   2. Helophyte/Marsh-plant 
   3. Hygrophyte 
   4. Mesophyte 


(1) Helo-mesophyte 
(2) Mesophyte 
(3) Xero-mesophyte 
(4) Groundwater fed xero-mesophyte 


   5. Xerophyte 
(1) Meso-xerophyte 
(2) Xerophyte 
(3) Strong xerophyte 
(4) Extremely (super) xerophyte 


Ⅱ. Adaptation to temperature 
   1. Cryophyte 
   2. Microthermophyte/Meiotherm 
   3. Sub-microthermophyte 
   4. Mesothermophyte/Mesotherm 
   5. Sub-macrothermophyte 
   6. Macrothermophyte/Megatherm 
Ⅲ. Adaptation to light 
   1. Heliophyte 
   2. Shade-enduring plant 
   3. Shade-tolerant plant 
Ⅳ. Adaptation to substrate and soil 


1. Oxylophyte 
   2. Calciphyte 
   3. Alkaline plant 
   4. Halophyte 
   5. Psammophyte 
   6. Lithophyte 
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Supplement S3. Hierarchy for cultural vegetation. 
Category Type  Sub-type  Cultivation group Cultivation (example) 


Herbaceous 


Field crop 


Dryland crop 


1) One crop annually Spring wheat 
2) Three crops in two years Winter wheat-corn-sorghum 


3) Five crops in three years Spring tobacco-winter wheat-summer 
corn-winter wheat-summer sweet potato


4) Two crops annually Winter wheat-corn 
5) Five crops in two years and three 
crops annually 


Tobacco-corn-rape 


Paddy crop 


1) One crop annually Rice 
2) Two crops annually Rice-rape 


3) three crops annually Double-cropping rice- winter sweet 
potato 


Vegetable crop -  


1) One crop annually Potato 
2) Two crops annually Spring cucumber-autumn cabbage 


3) three crops annually Spring cucumber-autumn 
cabbage-winter spinach 


4) Several crops annually - 


Woody 


Economic forest Deciduous forest - Mulberry forest 
Evergreen forest - Tea forest 


Orchard 
Deciduous orchard Temperate deciduous orchard Apple orchard 


Evergreen orchard 1) Warm evergreen orchard Citrus orchard 
2) Hot evergreen Orchard Mango orchard 


Other artificial forests - - Poplar forest 


Herbaceous 
and woody 


Agro-forestry 
intercropping - 1) Crop-tung intercropping  Wheat/corn-tung oil tree 


2) Crop-tung-Chinese fir intercropping Sweet potato-tung oil tree- Chinese fir 
Agro-fruit tree 
intercropping - 1) Crop-jujube intercropping Spring peanut-jujube  


2) Crop-persimmon intercropping Spring wheat-persimmon 
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Supplement S4. Classficiation protocols and criteria to define vegetation-types and 


vegetation-subtypes in the seven vegetation-type-groups. 


 


S4.1. Classification protocols and criteria to define vegetation-types and 


vegetation-subtypes in the forest vegetation-type-group. 
Vegetation-type Criteria Vegetation subtype Criteria 


Deciduous 
needle leaved 
forest 


Dominated by 
deciduous needle 
leaved trees, such as 
species of Larix.  


Cold temperate 
deciduous needle 
leaved forest 


Temperate zone and higher mountains of 
subtropics, dominated by species of Larix; 
annual accumulated temperature above 10℃ 
is below 2000℃. 


Warm temperate 
deciduous needle 
leaved forest 


Hills and lower mountains of subtropics with 
warm temperate climate, dominated by either 
Metasequoia glyptostroboides, Glyptostrobus 
pensilis or Pseudolarix amabilis.  


Evergreen 
needle leaved 
forest 


Dominated by 
evergreen needle 
leaved trees, i.e., 
species of Abies, 
Picea, Pinus, Sabina, 
Tsuga, etc. 


Cold temperate 
evergreen needle 
leaved forest 


Cold temperate zone and higher mountains of 
temperate and subtropics with cold temperate 
climate; annual accumulated temperature 
above 10℃ is < 2000℃, dominated by Abies, 
Picea, plus some Pinus, etc. 


Temperate 
evergreen needle 
leaved forest 


Temperate hills and middle mountains of 
subtropics with temperate climate; annual 
accumulated temperature above 10℃ is 2000
℃-4200℃. 


Warm evergreen 
needle leaved forest


Subtropical hills and lower mountains with 
warm climate; annual accumulated 
temperature above 10℃ is 4000℃-7000℃. 


Hot evergreen 
needle leaved forest


Tropical hills with hot climate; annual 
accumulated temperature above 10℃ is 
above 7000℃. 


Mixed needle 
and broad 
leaved forest 


Dominated by needle 
and broad leaved 
trees, and weight ratio 
of needle to broad 
leaved trees is 
25%-75%. 


(temperate) Typical 
mixed needle and 
broad leaved forest 


Moist temperate climate, mainly in higher 
latitudes such as in northeastern China, where 
the climate is moist and warm in summer, but 
very cold in winter.  


(subtropical) 
Montane mixed 
needle and broad 
leaved forest 


Middle altitudes of subtropical mountains, 
where the montane climate is moist and warm 
in summer and cool in winter, many evergreen 
woody plants. 


Deciduous 
broad leaved 
forest 


Dominated by 
deciduous broad 
leaved trees.  


Cold temperate 
(dwarf twist) 
deciduous broad 
leaved forest 


Cold temperate montane climate near the 
forest line up to subalpine. 


Temperate 
deciduous broad 
leaved forest 


Temperate climate. 


Warm deciduous 
broad leaved forest Warm temperate climate. 


Desert riparian 
deciduous broad 
leaved forest 


Desert riparian habitats and flood plains with 
high underground water table under temperate 
arid climate. 


Subtropical 
limestone deciduous 
broad leaved forest 


Subtropical limestone (carbonate) hills and 
mountains, with very shallow and neutral to 
weak alkaline soils, and a low soil water 
holding capacity. 


Mixed 
deciduous and 
evergreen broad 
leaved forest 


Dominated by 
deciduous and 
evergreen broad 
leaved trees, and 
weight ratio of 


Mixed deciduous 
and evergreen broad 
leaved forest 


Northern subtropics, deciduous trees dominate 
the communities while evergreen trees occur 
usually in the understories and may dominate 
the second tree layers in patches. 


Montane mixed Middle altitude of subtropical mountains, with 
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deciduous to 
evergreen broad 
leaved trees is 
25%-75%. 


deciduous and 
evergreen broad 
leaved forest 


relatively humid warm climate, dominance of 
deciduous and evergreen trees is almost equal, 
deciduous trees usually dominate the top layer 
while evergreens dominate the second layer. 


Limestone mixed 
deciduous and 
evergreen broad 
leaved forest 


Limestone hills and montanes of subtropics, 
with very shallow and neutral to weak alkaline 
soils, a low soil water holding capacity, 
dominated by calcareous trees. 


Evergreen 
broad leaved 
forest 


Dominated by 
evergreen broad 
leaved trees 


Warm evergreen 
broad leaved forest 


Middle subtropical hills, with altitude below 
1500m in eastern subtropics, but up to 2500m 
in western subtropics. 


Warm humid 
evergreen broad 
leaved forest 


Middle subtropical mountains with higher 
altitude and more humid habitat. 


Hot evergreen broad 
leaved forest 


Southern subtropical hills and northern 
tropical mountains. 


Hot humid 
evergreen broad 
leaved forest 


Southern subtropical mountains with high 
altitude and humid habitat. 


Limestone 
evergreen broad 
leaved forest 


Subtropical limestone hills with humid 
habitat. 


Sclerophyllous 
evergreen broad 
leaved forest 


Dominated by 
Sclerophllous trees, 
some evergreen 
species of Quercus.  


 - - 


Rain forest 


Dominated by a group 
of big evergreen 
broad leaved trees 
(height>25m), and 
occur in tropical area 
with humid condition 
throughout the year.  


Seasonal rain forest
Northern tropics at altitude <700m in the east 
and <1000m in the west parts, and on normal 
acid soils. 


Montane seasonal 
rain forest 


Northern tropical montane at altitudes >700m 
in the east and >1000m in the west, and on 
normal acid soils. 


Limestone 
(carbonate) seasonal 
rain forest 


Northern tropical limestone hills and higher 
montane with relatively shallow soil, soil is 
neutral. 


Monsoon rain 
forest 


Dominated by big 
broad leaved trees 
(height>25m) that 
shed most of leaves in 
dry season, and 
distributed in tropic 
area with a prominent 
dry season due to 
monsoons. 


Deciduous monsoon 
rain forest 


Deep and wide valley habitat with a prominent 
dry season due to monsoons, and normal acid 
soil, most of the trees shed leaves during the 
dry season. 


Semi-evergreen 
monsoon rain forest


Habitat with a prominent dry season due to 
monsoons, and normal acid soil, part of the 
trees shed leaves during the dry season. 


Limestone 
(carbonate) 
monsoon rain forest


Limestone habitat with neutral soil, most of 
the trees shed leaves during the dry season. 


Mangrove 
forest 


Dominated by a group 
of mangrove character 
species growing on 
tidal zone and coast.  


Seabeach mangrove 
forest Tidal zone with daily submerged seabeach. 


Coast 
semi-mangrove 
forest 


Coast, with occasionally submerged ground 
during spring tide. 


Coral island 
evergreen broad 
leaved forest 


Dominated by short 
evergreen broad 
leaved trees, and on 
coral island on 
tropical sea. 


- - 


Bamboo forest 
and grove 


Dominated by 
bamboo species. 


Temperate bamboo 
forest and grove 


High mountains of subtropics with temperate 
climate. 


Warm bamboo 
forest and grove Lower hills of subtropics with warm climate. 


Warm humid 
bamboo forest 


Plains of river valley and river banks of 
subtropics with very humid warm climate; 
dominants are mainly species of Bambusa 
genus. 


Hot bamboo forest 
Lower hills of transitional zone from 
subtropics to tropics, with relatively hot 
climate. 
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Hot humid bamboo 
forest 


Plains of river valley and river banks in 
transitional zone from subtropics to tropics, 
with humid hot climate; they are mostly 
cultivated. 
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S4.2. Classification protocols and criteria to define vegetation-types and 


vegetation-subtypes in the scrub vegetation-type-group. 
Vegetation-type Criteria Vegetation-subtype Criteria 


Evergreen 
needle leaved 
scrub 


Dominated by 
evergreen needled 
leaved scrub 


alpine and subalpine 
evergreen needle 
leaved scrub 


Alpine or subalpine with cold climate. 


montane and 
sandland  
evergreen needle 
leaved scrub 


Montane or sandy land with temperate 
climate. 


Deciduous 
broad leaved 
scrub 


Dominated by 
deciduous broad 
leaved scrub 


alpine deciduous 
broad leaved scrub Alpine with cold climate. 


temperate deciduous 
broad leaved scrub 


Temperate zone or the middle altitude 
mountains of the subtropics. 


warm deciduous 
broad leaved scrub 


Warm habitats from warm temperate zone to 
subtropics. 


hot deciduous broad 
leaved scrub Hot dry valleys in southwestern China. 


halophyte deciduous 
broad leaved scrub 


Saline soil due to higher underground water 
table and relatively intensive evaporation. 


sandland deciduous 
broad leaved scrub 
and semi-shrub 


Sandy land of semi-humid and semiarid 
temperate zone. 


limestone deciduous 
broad leaved scrub 


Subtropical limestone hills, dominated by 
calcicolous scrub. 


Riparian deciduous 
broad leaved scrub 


Riparian habitats and flood plains with high 
underground water table. 


Evergreen broad 
leaved scrub 


Dominated by 
evergreen broad 
leaved scrub 


Lower hill 
evergreen leaved 
scrub 


Subtropical hills, belong to succession phases 
of forests, maintained mainly by frequent 
human disturbance. 


Limestone hill 
evergreen leaved 
scrub 


Subtropical and northern tropical limestone 
hills. 


Riparian evergreen 
leaved scrub 


Tropical riparian flood plains, dominated by 
Homonoia riparia. 


Leathery and 
sclerophyllous 
evergreen broad 
leaved scrub 


Dominated by 
leathery and 
sclerophyllous 
evergreen broad 
leaved scrub 


Alpine and 
subalpine leathery 
evergreen broad 
leaved scrub 


Alpine and subalpine regions of the Tibetan 
Plateau and a few subtropical high mountains 
with cold climate, dominated by some 
Rhododendron species. 


Montane leathery 
and sclerophyllous 
evergreen broad 
leaved scrub 


Subtropical montane with temperate climate. 


Succulent and 
thorn scrub 


Dominated by 
succulent and thorn 
scrub 


Tropical sandy coast 
succulent and thorn 
scrub 


Tropical sandy coast. 


Dry-hot valley 
succulent and thorn 
scrub 


Dry and hot valley of the west subtropics and 
tropics. 
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S.4.3. Classification protocols and criteria to define vegetation-types in the desert 


vegetation-type-group. 
Vegetation-type Criteria 
Leaf-reduced dwarf semi-arbor desert Dominated by leaf-reduced dwarf semi-arbor 
Sclerophyllous evergreen broad leaved shrub desert Dominated by sclerophyllous evergreen broad leaved shrub 
Leaf-reduced shrub desert Dominated by leaf-reduced shrub 
Succulent shrub desert Dominated by succulent shrub 
Xero-leaf shrub desert Dominated by xero-leaf shrub 
Succulent leaved semi-shrub desert Dominated by succulent semi-shrub 
Xero-leaf semi-shrub desert Dominated by xero-leaf semi-shrub 
Cushion semi-shrub desert Dominated by cushion semi-shrub 
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S4.4. Classification protocols and criteria to define vegetation-types and 


vegetation-subtypes in the steppe vegetation-type-group. 
Vegetation-type Criteria Vegetation-subtype Criteria 


Bunch grass steppe Dominated by bunch 
grass 


Bunch grass 
meadow steppe 


Usually in habitat with semi-humid 
climate, dark chestnut soil; most of the 
component species belong to 
meso-xerophyte and xerophyte. 


Bunch grass typical 
steppe 


Usually in habitat with semi-arid climate, 
chestnut soil; most of the component 
species belong to xerophyte. 


Bunch grass desert 
steppe 


Usually in habitat with semi-arid to arid 
climate, light chestnut soil; most of the 
component species belong to strong 
xerophyte and xerophyte. 


Alpine bunch grass 
cold steppe 


Alpine habitat with cold semi-arid climate, 
alpine steppe soil; most of the component 
species belong to xerophyte. 


Rhizome grass 
steppe 


Dominated by 
rhizome grass 


Rhizome grass 
meadow steppe 


Usually in habitat with semi-humid 
climate, dark chestnut soil; most of the 
component species belong to 
meso-xerophyte and xerophyte. 


Rhizome grass 
typical steppe 


Usually in habitat with semi-arid climate, 
chestnut soil; most of the component 
species belong to xerophyte. 


Alpine rhizome 
grass cold steppe 


Alpine habitat with cold semi-arid climate, 
alpine steppe soil; most of the component 
species belong to xerophyte. 


Forb steppe Dominated by forb 


Forb meadow 
steppe 


Usually in habitat with semi-humid 
climate, dark chestnut soil; most of the 
component species belong to 
meso-xerophyte and xerophyte. 


Forb typical steppe 
Usually in habitat with semi-arid climate, 
chestnut soil; most of the component 
species belong to xerophyte. 


Forb desert steppe 


Usually in habitat with semi-arid to arid 
climate, light chestnut soil; most of the 
component species belong to strong 
xerophyte and xerophyte. 


Alpine forb cold 
steppe 


Alpine habitat with cold semi-arid climate, 
alpine steppe soil; most of the component 
species belong to xerophyte. 


Semi-shrub and 
dwarf-semi-shrub 
steppe 


Dominated by 
semi-shrub or 
dwarf-semi-shrub 


Semi-shrub meadow 
steppe 


Usually in habitat with semi-humid 
climate, dark chestnut soil; most of the 
component species belong to 
meso-xerophyte and xerophyte. 


Semi-shrub and 
dwarf semi-shrub 
typical steppe 


Usually in habitat with semi-arid climate, 
chestnut soil; most of the component 
species belong to xerophyte. 


Dwarf semi-shrub 
desert-steppe 


Usually in habitat with semi-arid to arid 
climate, light chestnut soil; most of the 
component species belong to strong 
xerophyte and xerophyte. 


Alpine dwarf 
semi-shrub cold 
steppe 


Alpine habitat with cold semi-arid climate, 
alpine steppe soil; most of the component 
species belong to xerophyte. 
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S4.5. Classification protocols and criteria to define vegetation-types and vegetation- 


subtypes in the meadow and herbaceous thicket vegetation-type-group. 
Vegetation-type Criteria Vegetation-subtype Criteria 


Bunch grass 
meadow 


Dominated by bunch 
grass 


Bunch grass typical 
meadow 


Semi-humid and humid climate, black soil 
(chernozem); most of the component 
species belong to mesophyte. 


Alpine bunch grass 
cold meadow 


Alpine habitat with cold semi-humid and 
humid climate, alpine meadow soil; most 
of the component species belong to 
mesophyte. 


Bunch grass marsh 
meadow 


Soil water saturated seasonally; most of the 
component species belong to 
hydro-mesophyte. 


Bunch grass 
halophytic meadow


Saline soil (solonchak); most of the 
component species belong to 
halo-mesophyte. 


Rhizome grass 
meadow 


Dominated by 
rhizome grass 


Rhizome grass 
typical meadow 


Semi-humid and humid climate, black soil 
(chernozem); most of the component 
species belong to mesophyte. 


Alpine rhizome 
grass cold meadow 


Alpine habitat with cold semi-humid and 
humid climate, alpine meadow soil; most 
of the component species belong to 
mesophyte. 


Rhizome grass 
marsh meadow 


Soil water saturated seasonally; most of the 
component species belong to 
hydro-mesophyte. 


Rhizome grass 
halophytic meadow


Saline soil (solonchak); most of the 
component species belong to 
halo-mesophyte. 


Forb meadow Dominated by forb 


Forb typical 
meadow 


Semi-humid and humid climate, black soil 
(chernozem); most of the component 
species belong to mesophyte. 


Alpine forb cold 
meadow 


Alpine habitat with cold semi-humid and 
humid climate, alpine meadow soil; most 
of the component species belong to 
mesophyte. 


Forb marsh meadow
Soil water saturated seasonally; most of the 
component species belong to 
hydro-mesophyte. 


Forb halophytic 
meadow 


Saline soil (solonchak); most of the 
component species belong to 
halo-mesophyte. 


Herbaceous  
thicket 


Dominated by grass 
and fern, secondary  
succession phase of 
subtropical forest, 
maintained by 
frequent fires,  


Grass thicket Dominated by grass 


Fern thicket Dominated by fern 


Savanna-like grass 
thicket 


Dominated by 
grasses but with 
sparse trees, on 
former dry forest 
land in tropical dry 
area or subtropical 
dry and hot valley 


Dry and hot valley 
savanna-like grass 
thicket 


Occur in dry and hot deep river valley. 


Tropical 
savanna-like grass 
thicket 


Occur in tropical dry area. 


  







13 
 


S4.6. Classification protocols and criteria to define vegetation-types and 


vegetation-subtypes in the alpine vegetation-type-group. 
Vegetation-type Criteria Vegetation-subtype Criteria 
Alpine cushion 
vegetation 


Dominated by 
cushion plants - - 


Alpine tundra  


Dense community in 
habitat with wet and 
cold climate and 
permafrost 


prostrate shrub and 
moss alpine tundra Dominated by prostrate shrub and moss 


perennial herb and 
moss alpine tundra Dominated by perennial herbs and moss 


moss alpine tundra Dominated by moss 


lichen alpine tundra Dominated by lichen 


Alpine sparse 
vegetation 


Composed sparsely 
of cryophyte, below 
permanent snow belt


- - 
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S4.7. Classification protocols and criteria to define vegetation-types and 


vegetation-subtypes in the swamp and aquatic vegetation-type-group. 
Vegetation-type Criteria Vegetation-subtype Criteria 


Woody swamp Dominated by 
woody plant 


Arboreous swamp Dominated by arbor (tree) 
Shrubby swamp Dominated by shrub 


Herbaceous swamp  
Dominated by 
herbaceous 
helophyte 


- - 


Aquatic vegetation 
(community) 


Dominated by 
aquatic plants 


Emergent aquatic 
vegetation 


Shallow water habitat, dominated by 
emergent aquatic plants, plant leaves are 
located above water surface. 


Floating-leaved 
aquatic vegetation 


Shallow water habitat, dominated by 
floating-leaved plants that root in the 
bottom of water body. 


Floating aquatic 
vegetation 


Occur in water body, dominated by 
floating aquatic plants that root in the 
water body. 


Submerged aquatic 
vegetation Most plants live in water. 


 


 







