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Climatic change will result in great changes in vegetation. In this paper, a biogeographical model, the BIOME1, was used to

predict potential vegetation distribution in China under climate change. Firstly, the BIOME1 was validated according to the

climateYvegetation relationships in China. Kappa statistics showed that the validated BIOME1 was able to capture the geographical

patterns of vegetation more accurately. Then, the validated BIOME1 was used to predict the distribution of vegetation of China under

two climatic scenarios produced by a Regional Circulation Model, RegCM2/CN. The simulation results showed obvious northward

shifts of the boreal, temperate deciduous and evergreen and tropical forests, a large expansion of tropical dry forest/savanna and

reduction of tundra on the Tibetan Plateau. Three vulnerable regions sensitive to climate changes are pointed out, i.e., Northern

China, the Tibetan Plateau and Southwestern China (mainly Hengduan Mountains in Yunnan Province and west of Sichuan Province).

In recent decades, China has experienced dramatic industrialization and population growth, which exert strong pressure on the

environment of China. The consequences of climate changes warrant more attention for maintaining a sustainable environment for

China.
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1. Introduction

Large scale vegetation distribution is largely con-

trolled by climate [1]. Many studies indicate global climate

change occurs as a result of anthropogenic greenhouse

gases (GHG) [2Y4]. The global average temperature

increased by 0.5-C over the past century [2], and it is

expected to continue increasing by an additional 1.4-C to

5.8-C by the end of 21st century [4]. China also

experienced a trend of climate warming, with precipitation

increasing since 1950 [5]. Climate change will result in

changes in vegetation distributions, and then affect the

environment of humans. It is important to assess possible

responses of vegetation distribution to climate change.

The common approaches in assessing vegetation dis-

tribution changes caused by climate change are bioclimatic

classification schemes [6,7]. Holdridge Scheme [8,9] is

probably the most popular one, but it does not lend itself to

biological interpretation in terms of plant life forms and

attributes [10]. Recently, the dynamic vegetation models

[11Y13] integrated into vegetation succession processes

and physiological responses to transient climate change

provided us an opportunity to evaluate vegetation response

to transient and long-term climate change. But these mod-

els require more data or physiological parameters, and are

limited by knowledge on vegetation dynamics, responses

of plants to elevated CO2 and other physiological processes

[14]. In addition, many basic issues about vegetation dis-

tribution under the monsoon climate of Eastern-Asia and

the effects of the Tibetan Plateau remain unclear due to the

lack of relevant studies in China [15Y17]. Therefore, much

research is needed in running a dynamic vegetation model

in China.

The BIOME1 [18], the first one of the BIOME models

[18Y20], is considered a landmark in the development of

global vegetation models. It has been used widely, such as

in paleo-vegetation and climate reconstruction [21], cli-

mate change and vegetation feedback to climate [22Y25]. It

is a biogeographical model and uses plant functional types

(PFTs) as basic vegetation types. PFTs can be defined as a

set of plants exhibiting similar response to environmental

conditions and having similar effects on the dominant

ecosystem processes [26], which greatly reduce the

complexity and often uncharted characteristics of species

diversity in nature [27]. Introducing PFTs into BIOME1

pioneered the use of PFTs in the development of the

BIOME model series (i.e., BIOME3 [19] and BIOME4

[20]) and the dynamic global vegetation models (DGVMs)

[11Y13]. The PFTs in the BIOME1 are concise and ap-

propriate for representing global vegetation. The environ-

mental constraints in the model have clear physiological

interpretations in limiting the distributions of these PFTs.

Therefore, the PFTs and environmental constraints in the

BIOME1 are widely used by subsequent vegetation

models, such as BIOME3 [19], IBIS [11], LPJYDGVM

[12] and LSMYDGVM [13].

The wide use of the PFTs and environmental constraints

in the BIOME1 makes it important to test these PFTs and* Corresponding author.
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their climatic constraints according to the relationships

between climate and vegetation of a given region. Insuf-

ficient work has been done in analyzing the relationships

between PFTs and climate of China, and there is little

knowledge for running a PFTs-based model to simulate the

vegetationYclimate interactions in China, where the vege-

tation distribution is strongly affected by the monsoon

climate and the Tibetan Plateau. So, the BIOME1 model is

a good choice under these situations for evaluating the ef-

fects of climate change on Chinese vegetation for its mo-

derate number of PFTs and the concise environmental

constraints that can be easily validated according to the

relationship between climate and vegetation of China.

Several researches were carried out studying the re-

sponses of vegetation to climatic changes over China.

Chen et al. [28] modeled possible response of life zone in

China by the Holdridge life zone Scheme. Ni et al. [29]

simulated the vegetation distribution and net primary

production (NPP) of China by the BIOME3. Zhao et al.

[30] simulated the distribution of vegetation in China by

the MAPSS model. They pointed out possible changes of

Chinese vegetation in the future, but all of these works lack

detailed discussions on the use of PFTs and thorough

examination in relationships between climate and vegeta-

tion in China. Because of the strong influence of monsoon

climate and the Tibetan Plateau on the distribution and the

traits of vegetation in China [31], the studies on classifi-

cation of PFTs and on the climateYvegetation relationships

are needed.

In this paper, we predicted the possible changes of

vegetation distribution after a thorough validation of the

BIOME1 according to the relationship between climate

and vegetation in China, and assessed the vulnerable areas

in which the biomes would be changed greatly. The aims

of our research were to predict potential vegetation distri-

bution under changed climate and to explore the relation-

ship between vegetation and climate in China by the

concept of PFTs. We also discussed the problems of the

PFTs in the BIOME1 when it was applied in China.

2. Materials and methods

2.1. Description of the BIOME1 model

In the BIOME1 model, 14 plant functional types are

defined and are assigned climate constraints in terms of

amplitude and seasonality of climate variables (Table 1).

The cold tolerance of plants is expressed in terms of

minimum mean temperature of the coldest month. Some

PFTs also have chilling requirements expressed in terms of

a maximum mean temperature of the coldest month. The

heat requirement is a function of temperature sums,

growing degree-days (GDD), and the drought resistance

is related to the annual soil moisture availability which is

the ratio of actual to potential evaportranspiration.

The BIOME1 model predicts which plant functional

type will occur in a given environment, i.e. in a given set of

climate variables. Competition between different plant

functional types is treated indirectly by the application of

a dominance hierarchy [32] which effectively masks

certain types of plants from a site, based on the presence

of others, rather than being excluded by climate. For

example, grassland PFTs are masked in the presence of

PFTs and can only reappear if the tree PFTs disappear.

Finally, biomes are defined as combinations of dominant

types (Table 2).

Table 1

Environmental constraints for each plant functional type in the BIOME1 model.

Plant functional types

Tmin GDD0 GDD5 Tmax a

DMin Max Min Min Min Min Max

Trees

1 Tropical evergreen 15.5 Y Y Y Y 0.80 Y 1

2 Tropical raingreen 15.5 Y Y Y Y 0.45 0.95 1

3 Warm-temperate evergreen 5.0 Y Y Y Y 0.65 Y 2

4 Temperate summergreen j15.0 15.5 Y 1200 Y 0.65 Y 3

5 Cool-temperate conifer j19.0 5.0 Y 900 Y 0.65 Y 3

6 Boreal evergreen conifer j35.0 j2.0 Y 350 Y 0.75 Y 3

7 Boreal summergreen Y 5.0 Y 350 Y 0.65 Y 3

Non-trees

8 Sclerophyll/succulent 5.0 Y Y Y Y 0.28 Y 4
9 Warm grass/shrub Y Y Y Y 22.0 0.18 Y 5

10 Cool grass/shrub Y Y Y 500 Y 0.33 Y 6

11 Cold grass/shrub Y Y 100 Y Y 0.33 Y 6

12 Hot desert shrub Y Y Y Y 22.0 Y Y 7

13 Cold desert shrub Y Y 100 Y Y Y Y 8

No plants (Dummy type) Y Y Y Y Y Y Y

Tmin: mean temperature of the coldest month; GDD0: growing degree-days on 0-C base; GDD5: growing degree-days on 5-C base; Tmax: mean

temperature of the warmest month; a: AET/PET, PriestleyYTaylor coefficient of annual moisture availability; D: Dominancy hierarchy.
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2.2. Data

Vegetation data were obtained from the Vegetation Map

of China (1:4,000,000) [37] and the Vegetation Division

Map of China (1:14,000,000) [38]. The vegetation map

was digitized by the Laboratory of Resource and Envi-

ronment Information System, Institute of Geography, the

Chinese Academy of Sciences. In the vegetation map, veg-

etation was divided into 48 formation classes and 103 for-

mation groups. They were aggregated into the 17 biomes in

the BIOME1 and the boundaries between these biomes

were adjusted according to the Vegetation Division Map

of China [38] (Table 3 and Figure 1).

Some problems existed in the assignment of some

vegetation types such as the forests in Northeast of China,

the steppes in the Inner-Mongolia, and the alpine vegeta-

tion on the Tibetan Plateau because that the classification

criteria were different in the two schemes. We employed

the following two approaches to deal with these problems.

For natural or semi-natural vegetation types, we compared

their similarities with the biomes in the BIOME1 to

identify which biomes they should belong to. For cultivat-

ed areas, the potential vegetation types were estimated by

bioclimatic criteria and the references about the potential

vegetation of China [38,39].

Climate data. The climate database contains monthly

mean temperature, annual precipitation and percent of

sunshine of about 900 standard weather stations during

1951õ1980 [40].

Temperature data (mean temperature of warmest month

and coldest month, GDD5 and GDD0) for 0.1- � 0.1- grid

were obtained by reducing to sea level for every station

and interpolating followed by extrapolation to the mean

elevation of the grid, assuming an temperature lapse rate of

0.6-C/100 m. Precipitation and sunshine data were inter-

polated to the same resolution without correction for

elevation.

Soil data were from the Soil Texture Map of China

(1:4,000,000) edited by Institute of soil science, the

Chinese Academy of Sciences. The map classified the

soils into 12 classes. These types were aggregated into

eight categories used by BIOME1 for getting the values of

available water capacity.

2.3. Climate scenarios

The climate scenarios [33,34] during the period of

2070õ2100 A.D were derived from a regional climate

model, RegCM2/CN [35,36], based on two of the green-

house gas (GHG) emissions scenarios proposed by IPCC,

Table 2

Combinations of dominant plant functional types and the names they

were given.

Biome name Plant functional types

1 Tropical rain forest Tropical evergreen

2 Tropical seasonal forest

Tropical evergreen

Tropical raingreen

3 Tropical dry forest/savanna Tropical raingreen

4 Broad-leaved evergreen/

warm mixed forest Warm-temperate evergreen

5 Temperate deciduous forest

Temperate summergreen

Cool-temperate conifer

Boreal summergreen

6 Cool mixed forest

Temperate summergreen

Cool-temperate conifer

Boreal evergreen conifer

Boreal summergreen

7 Cool conifer forest

Cool-temperate conifer

Boreal evergreen conifer

Boreal summergreen

8 Taiga

Boreal evergreen conifer

Boreal summergreen

9 Cold mixed forest

Cool-temperate conifer

Boreal summergreen

10 Cold deciduous forest Boreal summergreen

11 Xerophytic woods/scrub Sclerophyll/succulent

12 Warm grass/shrub Warm grass/shrub

13 Cool grass/grub

Cool grass/shrub

Cold grass/shrub

14 Tundra Cold grass/shrub

15 Hot desert Hot desert shrub

16 Semidesert Cool desert shrub

17 Ice/polar desert Dummy type

Table 3

Biomes distinguished from the Vegetation Map of China [37].

Biomes Dominant vegetation types

1 Tropical rain forest Tropical broadleaved evergreen forests

2 Tropical seasonal forest

Tropical broadleaved semi-evergreen

forests

3 Tropical dry forest/

savanna

Broadleaved evergreen succulent

scrub on coral islands of the

tropical zone

4 Broad-leaved evergreen

forest

Subtropical evergreen broadleaved

forests

Subtropical mixed deciduousYevergreen

broadleaved forests

5 Temperate deciduous

forest

Temperate deciduous broadleaved

woodlands/shrubs

Temperate deciduous broadleaved forests

Temperate cultivated vegetation

6 Cool mixed forest

Temperate mixed deciduous

broadleaved-evergreen coniferous forests

7 Cool conifer forest Temperate evergreen coniferous forest

8 Taiga Cold-temperate coniferous forests

9 Cold mixed forest

Temperate mixed deciduous

broadleaved-evergreen coniferous forests

10 Cold deciduous forest

Cold-temperate deciduous broadleaved

shrubs

11 Xerophytic woods/scrub

Tropical and subtropical succulent

thorny shrubs

12 Warm grass/shrub

Tropical/Sub-tropical grass/shrub

Temperate forestry steppes/meadows

13 Cool grass/shrub

Temperate typical steppes

Temperate desert steppes

14 Tundra

Alpine or subalpine meadows/swamps

Alpine steppes

15 Hot desert Temperate deserts

16 Semidesert Alpine deserts

17 Ice/polar desert

Sparse vegetation regions with rocky

fragments over the northwestern part of

Tibetan Plateau
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SRES-A2 and SRES-B2 [4]. SRES-A2 is the high emission

of GHG, and SRES-B2 the low emission of GHG [4].

The climate scenarios (Figure 2) showed that air

temperature would increase by 2õ9-C, and precipitation

would increase by 11õ17% in China. The climate

scenarios were provided at province scale and were

interpolated to 0.1- � 0.1- grid by ordinary kriging

method. They were used to produce future climate cover-

Figure 1. Potential vegetation of China (from the Vegetation Map of China [37]).

Figure 2. Climate scenarios during 2070Y2100: (a) Temperature increased based on SRES-A2; (b) Precipitation increased based on SRES-A2

(%); (c) Temperature increased based on SRES-B2; (d) Precipitation increased based on SRES-B2 (%).
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ages by adding the relevant coverages of current climate.

The future climate coverages were used to drive the

BIOME1.

2.4. The Kappa statistic

The Kappa statistic [41] is employed to assess the

agreement between the biome maps derived from the

BIOME1 and from the vegetation map of China. The

Kappa statistic is a useful and straightforward measure of

agreement between the different maps [42]. It could clearly

indicate differences and similarities between maps and

rank ordering of agreement across maps and across the

various vegetation zones within a map [28]. The algorithm

of Kappa statistic was described by Monserud and

Leemans [42] and Prentice et al. [18] in detail.

Figure 2. (Continued.)
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Monserud and Leemans [42] provided different ranges

of Kappa based on the degree of agreement. Values G 0.4

is considered poor or very poor, 0.4õ0.55 fair, 0.55õ0.7

good, 0.7õ0.85 very good and >0.85 excellent. Usually the

agreement should be more than 0.4. Generally, when the

value is more than 0.4 the significance of Kappa statistics

is greater than model errors [28].

3. Results

3.1. Validation of the BIOME1

All of the 17 biome types in the BIOME1 were obtained

in China under current climate (Figure 3a). The general

distribution pattern of Chinese vegetation was roughly

captured, such as, the forests in Eastern China, steppes and

deserts in the Northwest and tundra on the Tibetan Plateau.

However, there are many obvious disagreements. The

boundaries of many forest types are expanded southwards.

The temperate deciduous forest has an extraordinary south-

ward displacement, taking the northern part of the broad-

leaved evergreen forest. The broadleaved evergreen forest

moves southwards too. The tropical rain forest takes so

little area that it couldn’t be distinguished from the sim-

ulated map. The boundaries between forest, grassland, and

desert are predicted poorly too. For example, the Huabei

Plain (Northern China Plain), where the actual vegetation

type should be deciduous broadleaved forest [39], is pre-

dicted to be warm grass/shrub. On the Tibetan Plateau, the

vegetation is predicted to be tundra and semi-desert while

the actual vegetation types over the plateau are alpine

meadows/shrubs, alpine steppes, as well as alpine deserts.

The overall value of the Kappa statistic is only 0.22, at the

Fpoor_ level. Therefore, it is essential to calibrate the

BIOME1 with the relationships between climate and

vegetation of China.

In the BIOME1, PriestleyYTaylor coefficient is the in-

dex to differentiate forests, steppes and deserts. By com-

paring global maps of PriestleyYTaylor coefficient and

vegetation, the minimum values that the PFTs could resist

except desert shrubs were obtained. In the same way, we

obtained the minimum values of PriestleyYTaylor coeffi-

cient for every PFTs except desert shrubs by comparing the

maps of PriestleyYTaylor coefficient and vegetation of

China. The driest conditions that the PFTs in China can

resist are 0.5 and 0.2, respectively rather than 0.65 and 0.33

shown in the BIOME1.

The mean temperature of the coldest month that PFTs

could tolerate was re-evaluated according to the relation-

ships between the distribution of vegetation and the mean

temperature of the coldest month. The southern boundary

of boreal forest, which is determined by the cold limit of

coolYtemperate conifer, coincides with j28-C isotherm of

January. The lowest temperature that the temperate cool

conifer could tolerate was revised from j19-C to j28-C,

which is equivalent to the absolute minimum temperature

of j50-C according to the Equation (1) [18].

Tmin ¼ 0:006T 2
c þ 1:316Tc � 21:9 ð1Þ

Where Tc is the mean temperature of coldest month, Tmin is

the absolute minimum temperature.

Figure 2. (Continued.)
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After validating, a new set of environmental constraints

was obtained (Table 4). According to the validated

BIOME1, we generated a new simulated biome map

(Figure 3b).

The biome types, derived from the validated BIOME1,

were aggregated into eight categories for comparing with

the actual vegetation map by Kappa statistic. They are 1.

tropical forests (including tropical rain forest, tropical

seasonal forest, and tropical dry forest/Savanna), 2.

broad-leaved evergreen forest, 3. broad-leaved deciduous

forest, 4. mixed broad- and needle-leaved forest (including

cool mixed forest, cool conifer forest, and cold mixed

forest), 5. taiga (including cold deciduous forest), 6.

steppes (including xerophytic woods/scrub, warm grass/

Figure 3. Simulation biome maps: (a) from the original BIOME1; (b) from the validated BIOME1.

51E. Weng and G. Zhou / Redistribution of vegetation to climate change



shrub and cool grass/grub), 7. deserts (including hot desert,

and semidesert), eight tundra (alpine vegetations and ice/

polar desert).

The overall value of the Kappa statistic is 0.67, at the

Fvery good_ level. The values of the individual biomes

ranged from 0.44 to 0.81 (Figure 4), which showed that

most of the biomes were predicted well. The Kappa stat-

istics suggest that the modified values of environmental

constraints can capture the physiological properties of the

PFTs in China.

3.2. The changes of biome distribution

Based on the validated BIOME1, two biome maps

under the two climate scenarios were produced (Figure 5).

They showed obvious differences with the map predicted

under the current climate (Figure 3b). The forest belts in

eastern China will shift northwards significantly. Taiga

will retreat to the northeastern Daxing’anling Mountains,

even out of China. Mixed broad- and needle- leaved forest

will occupy most areas of the Northeastern China. The

regions occupied by the temperate deciduous forest under

current climate will be reduced largely because of the

occupation of the steppes from the northwest and the

broadleaved evergreen forests from the south. The broad-

leaved evergreen forest will greatedly extend its distribu-

tion northwards greatly, even to the north of Shandong

Province, where the potential vegetation is temperate

deciduous forest under current climate. Most of tropical

rain forest appears next to the south edge of broadleaved

evergreen forest. Tropical seasonal forest will still dominate

the largest part of the tropical regions, and expand its

boundary northwards. Tropical dry forest/Savanna will

outspread from the valleys of southeastern mountains and

take the most regions of Yunnan Province. The warm

grass/shrub will replace the cool grass/shrub in most

places of the Inner-Mongolia and expand its southeastern

boundary to Huabei Plain.

The area taken by hot desert will expand 20% (Scenario

A2) or 16% (Scenario B2) of its area (Table 5), most of

which is from the regions taken by the semidesert. But the

areas taken by hot desert and semi-desert in total is nearly

the same as those under current climate. In general, the

regions taken by forests and grasslands will increase while

tundra will decrease largely under the two scenarios and

deserts will be approximately the same with those of the

current (Table 5).

For describing the shifts between biomes in detail,

two matrixes describing distributional changes between

the biomes derived from current climate and the

climate scenarios were designed (Tables 6 and 7). The

matrixes are interpreted in the following way. A value yij in

row i and column j indicates that y 103 km2 of the land

Table 4

Modified environmental constraints for each plant functional type.

Plant functional types

Tmin GDD0 GDD5 Tmax a

DMin Max Min Min Min Min Max

Trees

1 Tropical evergreen 12 Y Y Y Y 0.70 Y 1

2 Tropical raingreen 12 Y Y Y Y 0.45 0.90 1

3 Warm-temperate evergreen 2.0 Y Y Y Y 0.5 Y 2

4 Temperate summergreen j23.0 12 Y 1200 Y 0.5 Y 3

5 Cool-temperate conifer j28.0 2.0 Y 900 Y 0.5 Y 3

6 Boreal evergreen conifer j35.0 j2.0 Y 350 Y 0.5 Y 3

7 Boreal summergreen Y 2.0 Y 350 Y 0.5 Y 3

Non-trees

8 Sclerophyll/succulent 5.0 Y Y Y Y 0.28 Y 4
9 Warm grass/shrub Y Y Y Y 22.0 0.18 Y 5

10 Cool grass/shrub Y Y Y 500 Y 0.2 Y 6

11 Cold grass/shrub Y Y 100 Y Y 0.2 Y 6

12 Hot desert shrub Y Y Y Y 22.0 Y Y 7

13 Cold desert shrub Y Y 100 Y Y Y Y 8
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Figure 4. Kappa values of different biomes simulated by modified

BIOME1.
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surface which is covered by biome i in current climate will

be covered by biome j in scenario A2 (Table 6) or B2

(Table 7). The sum of row i is area taken by biome i under

current climate, which is the same with current column of

Table 5. The sum of column j is area taken by biome j

under scenario A2 (Table 6) or B2 (Table 7), which is the

same with the column Scenario A2 or Scenario B2 of Table

5, respectively.

The area taken by the tropical dry forest/savanna under

the climate scenarios will increase about three õ four times,

from 44.43� 103 km2 (sum of row 3) to 180.07 � 103 km2

(scenario A) or 133.84 � 103 km2 (scenario B) (sum of

Figure 5. Biome maps based on climate scenarios: (a) from climate scenario SRES-A2; (b) from climate scenario SRES-B2.
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column 3). The areas are mainly taken from the west por-

tions of broad-leaved evergreen forest. The area of tem-

perate deciduous forest (sum of column 5 and sum of row

5) will shrink sharply. A larger part of it will be taken by

broad-leaved evergreen forest (column 4). The tundra over

the Tibetan Plateau will show diverse changes. About 1 of

2õ2 of 3 of the regions taken by tundra will be trans-

formed into cool conifer forest, taiga, cold mixed forest,

cold deciduous forest or cool grass/shrub. The area taken

by the cool grass/shrub is about 539.1õ794 � 103 km2,

which is 1 of 3õ1of 2 of the area taken by tundra under

current climate.

3.3. The changed areas

Two figures (Figure 6) showing the regions where

vegetation types will be changed were produced by

comparing the digital maps of Figure 5a and b with that

of Figure 3b respectively in ArcGIS*8.1. The regions that

vegetation types will be changed by climate change take up

about 39õ49% of the total terrestrial area of China. These

regions are mainly situated on a belt from the northeast to

the southwest of China, which lies between the eastern

forest zone and the northwestern steppe zone.

On the southwest of China, especially in Yunnan

Province, west of Sichuan Province and Hengduan

Mountains, the broadleaved evergreen forest will be

replaced by the tropical dry forest/savanna or xerophytic

wood/scrub. From column 3 (tropical dry forest/savanna)

of Tables 6 and 7, it was found that the areas (127.2 + 8.1

and 82.4 + 7.2) taken by the tropical dry forest under the

climate scenarios were mainly from the row 4 (broad-

leaved evergreen forest of current climate). Most of these

regions are in the southwest of China. These changes

indicated that the western portions of the broadleaved

evergreen forest zone would meet drier climate and the

broadleaved evergreen forest would reduce from these

areas.

Additionally, we analyzed the following regions to

evaluate their possible changes under climate scenario by

the same way. Most areas of the northern China, where the

potential vegetation is temperate deciduous forest under

current climate, will be taken by warm grass/shrub and

broad-leaved evergreen forest. The Tibetan Plateau, where

the biome is predicted to be tundra under current climate,

will be covered by conifer forest and cool grass/shrub in its

eastern and southwestern portions respectively. In central

Table 5

Area of biomes derived from BIOME1 under current climate and the

scenarios.

Biomes

Areas (103 km2)

Current Scenario

A2

Scenario

B2

1 Tropical rain forest 4.50 60.26 53.07

2 Tropical seasonal forest 223.78 442.17 356.18

3 Tropical dry forest/savanna 44.43 180.07 133.84

4 Broad-leaved evergreen forest 1814.91 2140.15 2126.12

5 Temperate deciduous forest 1129.17 627.82 770.11

6 Cool mixed forest 661.99 815.26 839.37

7 Cool conifer forest 344.49 94.44 139.59

8 Taiga 239.43 56.31 42.09

9 Cold mixed forest 71.78 182.05 110.45

10 Cold deciduous forest 155.96 232.24 292.86

11 Xerophytic woods/scrub 0.90 8.27 4.50

12 Warm grass/shrub 404.57 1345.94 1140.86

13 Cool grass/grub 1014.40 991.55 865.63

14 Tundra 1733.42 565.93 930.03

15 Hot desert 969.07 1238.90 1171.62

16 Semidesert 649.04 613.06 611.81

17 Ice/polar desert 138.16 5.58 11.87

Table 6

Difference matrix of biome pattern from simulations of current climate and Scenario A.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 4.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0.2 215.5 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 44.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 55.6 226.7 127.2 1402.1 0 0 0 0 0 0 3.4 0 0 0 0 0 0

5 0 0 0 691.1 356.7 0 0 0 0 0 3.1 77.5 0.7 0 0 0 0

6 0 0 0 0 161.9 419.9 0 0 0 0 0 80.2 0 0 0 0 0

7 0 0 0 0 9.2 282.8 0 0 0 0 0 52 0.5 0 0 0 0

8 0 0 0 0 7.4 112.6 93.9 0 19.2 0 0 0.7 5.6 0 0 0 0

9 0 0 0 34.4 30.9 0 0 0 0 0 0 6.1 0.4 0 0 0 0

10 0 0 0 11.7 61.7 0 0 0 80.2 0 0 0 2.3 0 0 0 0

11 0 0 0.4 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0.2 363 0 0 41.4 0 0

13 0 0 0 0 0 0 0 0 0 0 1.1 766.3 188 0 39.9 19.1 0

14 0 0 0 0.9 0 0 0.5 56.3 82.6 232.2 0 0 794 479.4 0 87.4 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 969.1 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 188.5 460.5 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 86.5 0 46.1 5.6

The first row and the first column indicate the biome number (for allocation of biome names, see Table 2 or Table 4); the unit of numbers in this table is

103 km2.
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China, the temperate deciduous forest will be replaced by

the broadleaved evergreen forest. But because it is an

alternative among forest types, it is not so serious as an

alternative between forests and steppes or steppes and

deserts to the environmental conditions [10].

4. Discussion

4.1. The vulnerable regions to climate change

Our results are based on the logics of the BIOME1. But

the results showed some similar changes of vegetation dis-

tribution with the results from other models, e.g., Holdridge

[28], MAPSS [30] and BIOME3 [29], in some areas.

In northern China, significant changes from deciduous

forest to grassland and from cold grass/shrub to warm

grass/shrub will occur. The temperate deciduous forest on

Huabei Plain will be largely reduced and only remain in a

narrow belt from the northeast to the southwest of the

Huabei Plain. Zhao et al. [30] also pointed out that the

climate of Huabei Plain will be drier and the vegetation

will be replaced by steppes based on the simulation of

MAPSS.

The Tibetan Plateau is emphasized by many researchers

as a vulnerable region to climate change [28,43]. From our

results based on the BIOME1, a large part of the tundra

will be replaced by the cool grass/shrub in the southern

parts of the Tibetan Plateau. Ni (2000) also found from the

simulation of the BIOME3 [29,44] that the tundra would be

largely reduced from the Plateau.

In Southeast of China, especially in the western Sichuan

Province, Yunnan Province and the Hengduan Mountains,

the vegetation will meet greatest changes among the three

regions mentioned here. The broadleaved evergreen forests

will be replaced by savannas or xerophytic woods/scrub,

which only exist in the dry and hot valleys of Southeastern

China under current climate.

Though the principles and logics of these models are

different, similar predictions for these regions mean that

vegetation in these regions has high probability to be

changed by climate change. From these results, it may be

concluded that the three regions, the northern China, the

Tibetan Plateau, and the Southeastern China, are sensitive

to climate change.

China has a large population, its per-capita average of

natural resources is low, and its economic development as

well as scientific and technological level remain backward.

Along with the growth of China’s population, the develop-

ment of the economy and the continuous improvement of the

people’s consumption level since the 1980s, the pressure on

resources, which are already in rather short supply, and on

the fragile environment has become greater and greater [45].

Climate change may stimulate these problems with

deforestation, desertification, land erosion and so on. To

evaluate the effects of climate change on China’s environ-

ment and health is an urgent task of the following studies.

4.2. The plant functional types and biomes

The prediction for Chinese biome distributions is

greatly improved after the model has been validated

according to the climateYvegetation relationships of China.

However, some predictions are still in Ffair_ agreement

with natural vegetation distributions, e.g., the steppes

(0.44). Additionally, there remain problems in the defini-

tion of some biome types. For example, on the Tibetan

Plateau, only one biome type, tundra, occurred under

current climate. But, in fact, the vegetation on the Tibetan

Plateau includes alpine meadows, alpine steppes, as well as

alpine deserts [38]. On the Northeast of China, the taiga is

Table 7

Difference matrix of biome pattern from simulations of current climate and Scenario B.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 4.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0.7 215.9 7.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0.2 44.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 47.9 140.1 82.4 1541.8 0 0 0 0 0 0 2.7 0 0 0 0 0 0

5 0 0 0 551.2 556.0 0 0 0 0 0 0.2 20.1 1.6 0 0 0 0

6 0 0 0 0 138.0 473.3 0 0 0 0 0 50.7 0 0 0 0 0

7 0 0 0 0 5.6 296.6 6.8 0 0 0 0 26.1 9.4 0 0 0 0

8 0 0 0 0 2.3 69.4 132.8 7.4 21.2 2.9 0 0 3.4 0 0 0 0

9 0 0 0 27.2 42.8 0 0 0 0 0 0 0 1.8 0 0 0 0

10 0 0 0 5.4 24.3 0 0 0 89.0 35.3 0 0 2.0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0.9 0 0 0 0 0 0

12 0 0 0 0.4 1.1 0 0 0 0 0 0.2 374.4 0 0 28.6 0 0

13 0 0 0 0 0 0 0 0 0 0 0.5 669.5 308.3 0 20.3 15.7 0

14 0 0 0 0.2 0 0 0 34.7 0.2 254.7 0 0 539.1 844.2 0 60.3 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 969.1 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 153.6 495.4 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 85.8 0 40.5 11.9

The first row and the first column indicate the biome number (for allocation of biome names, see Table 2 or Table 4); the unit of numbers in this table is

103 km2.
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not the evergreen but the deciduous. And in the Inner-

Mongolia, the steppes were divided into meadow and

typical steppes traditionally [46], rather than warm and

cold grass as in the BIOME1.

These deficiencies cannot be made up by regulating the

climatic constraints only. A set of PFTs-Biomes for

Chinese vegetation modeling is needed. Ni [47] proposed

a set of PFTs and biomes according to Chinese vegetation

Figure 6. Regions that biome would be changed under climate scenarios (shown in black grids); (a) under climate scenario SRES-A2; (b) under climate

scenario SRES-A2.
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classification schemes [38,48], but the environmental

constraints of these PFTs were not given. This makes it

difficult to be used in vegetation models directly.

This study gives us strong information on proposing a

set of PFTs and biomes for model development. As the

tundra, which was predicted on the Tibetan Plateau, should

be classified into several types according to the actual

vegetation types on the plateau. Additionally, because tun-

dra is identified by a PFT, cold grass/shrub, in the

BIOME1, the cold grass/shrub should be replaced by sev-

eral PFTs representing the dominant plants on the Tibetan

Plateau.

With the adjustment of PFTs, some new climatic

variables limiting the presence of the PFTs should be

introduced too. And some special traits of the plants in

China should be considered. For example, it was shown

that the PFTs in China have wider climatic envelopes

extending to the drier and colder climate end from the

revised environmental constraints (Table 4). It seems that

the monsoon climate that aggregated rainfall in summer is

beneficial to the plants for surviving in the cold and rain-

less winter.

Acknowledgements

We are greatly indebted to Dr Luo Y. and Dr Gao X.J.

of the National Climate Center of China for providing

climate scenarios. We also wish to thank Dr Jian Ni of the

Institute of Botany, the Chinese Academy of Sciences for

useful suggestions and Qiaojun Jin for improving the

English. This study is funded by the National Key Projects

for Basic Research (2004CB418507), National Natural

Science Fund (40231018) and the Chinese Academy of

Sciences Knowledge Innovation Project (KZCX1-SW-01-

12, KSCX2-SW-133).

References

[1] F.I. Woodward, Climate and Plant Distribution (Cambridge

University Press, Cambridge, 1987).

[2] IPCC, Climate change 1994: Radiative forcing of climate change

and an evaluation of the IPCC IS92 emissions scenarios. Reports of

Working Group I and III of the Inter-government Panel on Climate

Change (Cambridge University Press, Cambridge, 1995).

[3] IPCC, Climate change 1995: the science of climate change.

Contribution of WG1 to the Second Assessment Report of the

Inter-government Panel on Climate Change (Cambridge University

Press, Cambridge, 1996).

[4] IPCC, Climate change 2001: the scientific basis. Contribution of

WG1 to the Third Assessment Report of the Inter-government Panel

on Climate Change (Cambridge University Press, Cambridge, 2001).

[5] T. Yue, J. Liu, S.E. Jorgensen, Z. Gao, S. Zhang and X. Deng,

Ecol. Model. 144 (2001) 153Y162.

[6] W.P. Cramer and R. Leemans, in: Vegetation Dynamics and Global

Change, eds. A.M. Solomon and H.H. Shugart (Chapman & Hall,

New York, 1993) pp. 190Y217.

[7] A.P. Kirilenko and A.M. Solomon, Clim. Change 38 (1998) 15Y49.

[8] L.R. Holdridge, Science 105 (1947) 367Y368.

[9] L.R. Holdridge, Life Zone Ecology (Tropical Science Center. San

Jose, Costa Rica, 1967).

[10] M.T. Sykes, I.C. Prentice and F. Laarif, Clim. Change 41 (1999)

37Y52.

[11] J.A. Foley, I.C. Prentice, N. Ramankutty, S. Levis, D. Pollard, S.

Sitch and A. Haxeltine, Glob. Biogeochem. Cycles 10 (1996)

603Y628.

[12] S. Sitch, B. Smith, I.C. Prentice, A. Arneth, A. Bondeau, W.

Cramer, J.O. Kaplan, S. Levis, W. Lucht, M.T. Sykes, K. Thonicke

and S. Venevsky, Glob. Chang. Biol. 9 (2003) 161Y185.

[13] G.B. Bonan, S. Levis, S. Sitch, M. Vertenstein and K.W. Oleson,

Glob. Chang. Biol. 9 (2003) 1543Y1566.

[14] D.N. Yates, T.G.F. Kittel and R.F. Cannon, Clim. Change 44

(2000) 59Y87.

[15] Z.Y. Yang, G.S. Zhou and D.A. Yang, Acta Phytoecologica Sinica

27 (2003) 587Y593. (in Chinese with English abstract).

[16] C. Fu and G. Wen, Clim. Change 43 (1999) 477Y494.

[17] H. Tian, J.M. Melillo, D.W. Kicklighter, S. Pan, J. Liu, A.D.

McGuire and B. Moore III, Glob. Planet. Change 37 (2003) 201Y217.

[18] I.C. Prentice, W. Cramer, S.P. Harrison, R. Leemans, R.A.

Monserud and A.M. Solomon, J. Biogeogr. 19 (1992) 117Y134.

[19] A. Haxeltine, I.C. Prentice, Glob. Biogeochem. Cycles 10 (1996)

693Y709.

[20] J.O. Kaplan, N.H. Bigelow, I.C. Prentice, S.P. Harrison, P.J.

Bartlein, T.R. Christensen, W. Cramer, N.V. Matveyeva, A.D.

McGuire, D.F. Murray, V.Y. Razzhivin, B. Smith, D.A. Walker,

P.M. Anderson, A.A. Andreev, L.B. Brubaker, M.E. Edwards and

A.V. Lozhkin, J. Geophys. Res. 108 (2003), doi:10.1029/

2002JD002559.

[21] I.C. Prentice and T. Webb III, J. Biogeogr. 25 (1998) 997Y1005.

[22] M. Claussen and M. Esch, Clim. Dyn. 9 (1994) 235Y243.

[23] M. Claussen, Clim. Dyn. 12 (1996) 371Y379.

[24] M. Claussen, Clim. Dyn. 13 (1997) 247Y257.

[25] J. Kutzbach, R. Gallimore, S. Harrison, P. Behling, R. Selin and

F. Laarif, Quat. Sci. Rev. 17 (1998) 473Y506.

[26] I.R. Noble and H. Gitay, J. Veg. Sci. 7 (1996) 329Y336.

[27] F.I. Woodward and W. Cramer, J. Veg. Sci. 7 (1996) 306Y308.

[28] X. Chen, X.S. Zhang and B.L. Li, Glob. Planet. Change 38 (2003)

327Y337.

[29] J. Ni, M.T. Sykes, I.C. Prentice and W. Cramer, Glob. Ecol.

Biogeogr. 9 (2000) 463Y479.

[30] M.S. Zhao, R.P. Neilson, X.D. Yan and W.J. Dong, Acta Geogr.

Sin. 57 (2002) 28Y38. (in Chinese with English abstract).

[31] H.S. Chang, Annals of Missouri Botanical Garden 70 (1983)

564Y570.

[32] E.O. Box, Macroclimate and Plant Forms: An Introduction in Pre-

dictive Modeling in Phytogeography, Dr W. Junk, The Hague, 1981.

[33] X.J. Gao, Y.H. Ding, Z.C. Zhao, R.H. Huang and F. Giorgi, Acta

Meteorol. Sin. 61 (2003) 20Y28. (in Chinese with English abstract).

[34] X.J. Gao, Y.H. Ding, Z.C. Zhao, R.H. Huang and F. Giorgi, Acta

Meteorol. Sin. 61 (2003) 29Y38. (in Chinese with English abstract).

[35] F. Giorgi, M.R. Marinucci and G.T. Bates, Mon. Weather Rev. 121

(1993) 2794Y2813.

[36] F. Giorgi, M.R. Marinucci and G.T. Bates, Mon. Weather Rev. 121

(1993) 2814Y2832.

[37] H.Y. Hou, Vegetation Map of P.R. China(1:4, 000, 000) (Map,

Beijing, 1982).

[38] C.Y. Wu, eds. Vegetation of China (Science, Beijing, 1980). (in Chinese)

[39] J.Y. Fang, Y.C. Song, H.Y. Liu and S.L. Piao, Acta Bot. Sin. 44

(2002) 1105Y1122.

[40] Chinese Central Meteorological Office Meteorological Data of

China (Meteorology, Beijing, 1984).

[41] J. Cohen, Educ. Psychol. Meas. 20 (1960) 37Y46.

[42] R.S. Monserud and R. Leemans, Ecol. Model. 62 (1992) 275Y293.

[43] X. Zhang, D. Yang, G. Zhou, C. Liu and J. Zhang, in: Climate

Change and Plants in East Asia, eds. K. Omasa, K. Kai, H. Taoda,

(Springer, Tokyo 1996) pp. 25Y38.

57E. Weng and G. Zhou / Redistribution of vegetation to climate change



[44] J. Ni, Mt. Res. Dev. 20 (2000) 80Y89.

[45] Information Office of the State Council of the People’s Republic of

China, White book: Environmental Protection in China, 1996.

http://www.china.org.cn/e-white/environment/.

[46] Z.Z. Chen, S.P. Wang, eds., The Typical Steppe Ecosystems of

China (Scientific, Beijing, 2000) p. 1.

[47] J. Ni, Acta Bot. Sin. 43 (2001) 419Y425.

[48] H.Y. Hou, Annals of Missouri Botanical Garden 70 (1983) 509Y548.

58 E. Weng and G. Zhou / Redistribution of vegetation to climate change



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


