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Monitoring and Forecasting the Forest Dynamic
Evolution Based on GIS Technology

Gu Li'  Zheng Xiao-xian' *  Gong Zhi-wen’
(1. Key Laboratory for Silviculture and Conservation of Ministry of Education College of For-
estry, Beijing Forestry University, Beijing 100083, P. R. China; 2. College of Economics and
Management, Northwest Agriculture & Forestry University, Yangling 712100)

Abstract: Based on the landscape ecology theory and the application of GIS, this paper
studies the forest landscape quantitative classification of the Jingouling forest farm, Changbai
Mountains, in the province of Jilin, China, obtains the forest landscape spatial distribution. The
author used the forest Resource Inventory data in 1997 and in 2007, through the graphics overlay,
to get into the data landscape in this region, and With the Markov model to simulate the dynamic
process of forest landscape pattern. This study presents a practical technology and methods for
rapid extraction and provides technical reference; the result is reasonable zoning type of forest
management and provides a theoretical basis for the program.

Keywords: wetland resource ; landscape pattern; dynamic evolution; Markov model ; forest

management

1 Introduction

Landscape is composed of a series of different land units or ecosystems mosaic structure, with
the geographical entities of obvious visual features ( Forman and Godron, 1986) , and landscape pat-
tern is also spatial patterns, which is plaque and other component units of the type, number, spatial
distribution and configuration ( Paul, 2000) , and the dynamic changes of landscape pattern, inclu-
ding the composition of landscape structure, diversity, shape and spatial changes ( LUCC, 1999).
The landscape essential factor is refers to land ecology essential factor or unit set which is relative the
basic, relatively homogeneous ecological elements. forest landscape is the Polymer of various ecosys-

tems which the forest cover plant type as main body forest cover plant type as main body, and the a-
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nalysis aim is to reveal the basic laws and master control means, And implementng landscape eco-
logical protection, restoration, construction and management through scientific phnning and design
(Sun, et al, 2003; Guo, 2011). In this paper, Jingouling Experimental Forest Farm, Wangqing
Forestry Bureau, and Jilin Province was as the location example, the author used the data in 1997
and 2007, analysis the forest landscape pattern, dynamics changes and forest maragement activities
on it, the results will be helpful for the evaluation the ecological environment and development

trend, and the analysis will provides a very effective means for regional ecological planning and con-

struction ( Fu et al, 2001 ; Wu, 2001, Jiang, 2003).

2 Study Area

The study area is located at the Jingouling Experimental Forest Farm, Wangqing Forestry Bu-
reau, and Jilin Province, situated on the middle lower hill region of Changbai Mowtain in northeast-
ern China. Elevation ranges from 550 m to 1100 m and with an annual rainfall fran 600 mm to 700
mm. The average annual temperature is 4. 8°C , average monthly maximum and ninimum tempera-
tures range between 22 and —32. 8°C, respectively. Soil type is dark brown forest soil, and the o-
riginal vegetation type is mixed broad — leaved Korean Pine forest. Most primary forests, however,
have been altered to form other forest types such as Spruce — Fir dominated mixed coniferous forests,
Polar — Birch mixed broadleaved forests and plantations consisting of Larch, Sprute, Fir and Pine,
for example, after long — term management practices and disturbances. Stands ised in this study
were originally natural forests. The dominant tree species in our study stand are Spruce, Fir, Aspen
and Birch. Other tree species composed the stands are Korean Pine, Linden, Hm, Maple, Ash,
Corktree and Changbai Larch. The shrub is Lonicera Japonica, Manchurian Lilac, Euonymus Ala-

tus, and Hazelnut et al. The herb species is False Spiraea, Spiraea, Sedges and so on.

3 Materials and Methods

3.1 Basic data

In this paper, the forest map of 1: 5 million and topographic map in 1997 m jingouling forest
farm, and the corresponding sixth (in 2007 ) and the Fifth (in 1997) forest iventory data were
used. With the aid of the GIS software, The author layered vector for forest map, then first digitized
the field scope, small class and compartment to generate the surface shape graph of topological rela-
tion, and corresponding with geography code. The survey data for small class incliding the number,
compartment small number, area, land category, site type, dominant species, orgin, species com-
position, age group, per hectare accumulation, business type, tree species, soil ype, soil texture,
soil thickness, Slope, aspect, ownership, elevation, solar radiation intensity of nore than 20 prop-
erty items.
3.2 forest landscape classification

In this study, According to the principles of landscape classification and mming, the author
used the land category to carry on a forest landscape second — level classification, on the two scales

of forest farm and compartment, and divided into 7 categories in Jingouling forestfarm, which were
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the forest land, brush land, the land have not grown forest establishment afforestation, nursery land,
slash land, farmland, marshland and others. At the same time, the forest land was divided in to 13
types of forest landscape according to the dominant species, namely Korean pine forest, spruce for-
est, Pinus sylvestris var. Mon — golica forest, larch forest, Symplocarpus foetidus forest, Ulmus
pumila forests, mono maple forest, Betula platyphylla forest, Populus forest, spinney forest, Mixed
coniferous forest, mixed forest, broadleaved mixed forest. The author further divided into 5 forest
landscape types: coniferous pure forest, Mixed coniferous forest, mixed forest, broadleaved pure
forest, broadleaved mixed forest.
3.3 Introduction of Markov process model

Markov process model is a special random movement process model ( Shu et al, 2006) , which
is called “no after effect” According to the study of original transfer probability at different status
and it’ s between status, the change trend of system status is confirmed. The model is a reflection of
a given time that a series transfer process from time T to time T + 1 in a sub - stable status. And the
model needs only the status of time T + 1 related with times T ( Forman and Godron, 1986). Ac-
cording Markov random process theory, we can use the original status probability matrix to model va-
rious area proportions which is the landscape pattern, from one of the original phases or the next
years to the stability phases (Ning, et al, 2004 ). The Markov can quantify the changed area of for-
est to other kinds of forest and described the dynamic evolvement process of forest landscape pattern

the basic equation and mathematical expression are as follows :

P, P, - P,
n-1
-0

Pnl Pn2 e Prm

Where P; is the area that the landscape i transfer into the landscape j , which is a non — nega-
tive. In this paper, the author added the forest landscape type in 2007 to the forest landscape type in
1997, and using the soft ware of ArcGIS’ s statistical functions, to analysis the forest landscape type
transformed situation from 1997 to 2007, and then obtained the transition probability matrix of forest

landscape change, and carried on the predictions.

4 Results and Discussion

4.1 Composition proportion of land type

The area of the land type plays a key role in the ecosystem functioning, and the degree and fre-
quency of its variation affect the living and reproduction of rare or endangered species. During
1997 —2007, the variation of land types was shown in table 1.

In the eight land types from 1997 to 2007, forest land is the most, which area decreased by
16031. 9167 hm® to 15976. 6163hm”; proportions decline from 98. 87% to 97.71% , the share of
non - forest land was a very small proportion, less than 3%. This shows that the forest cover is very
high in this field, and has obvious importance forest in the control action of landscape, and the study

area can be used as the matrix within the landscape
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Tab.1 The statistics of land type areas from 1997 to 2007

In1997 In2007
Land type
area /hm? percentage /% area /hm? percentage /%

forest land 16031. 9167 98. 87 15976. 6163 97.91
brush land 38. 7299 0.24 93. 8623 0.58
not grown forest 10. 3787 0.06 30. 8357 0.19
nursery land 31. 2902 0.19 31.2902 0.19
slash land 17.9107 0.11 17.9107 0.11
farmland 1. 9746 0.01 41.0761 0.25
marshland 45. 8186 0.28 41. 3302 0.25
others 37.3745 0.23 84. 5354 0.52

4.2 the analysis of forest landscape type

During 1997 — 2007, the area variation of forest landscape types was shown in table 2. In the
five forest landscape type divided in this paper, the area proportion of broadleaved forest was more
than coniferous forest, especially the broadleaved mixed forest, which more than 40% either in 1997

or in 2007. The area proportion of coniferous forest is small in this field.

Tab. 2 The statistics of forest landscape areas from 1997 to 2007

In1997 In2007
Forest landscape
area /hm? percentage /% area /hm? percentage /%

coniferous pure forest 2838. 1694 17.70 1356. 2455 8.49
Mixed coniferous forest 3355. 8100 20.93 4394. 0772 27.50
mixed forest 702. 6264 4.38 331.3152 2.07
broadleaved pure forest 2414. 8628 15. 06 2763. 2028 17.30
broadleaved mixed forest 6720. 4503 41.92 7131. 7756 44. 64

4.3 Analysis of forest landscape transfer matrix

In order to analysis the temporal and spatial evolvement process offorest landscape, we estab-
lished the transfer matrix model from 1997 to 2007 ( Forman and Godron, 1986) , which were listed
in table 3. We can conclude the evolvement process of every type:

From table 3, we can see the transferred situation of every forest landscape type: (1) Conifer-
ous pure forest was transferred Coniferous pure forest and mixed coniferous forest, and small part was
mixed forest. (2) Broadleaved pure forest was transferred Broadleaved pure forest and mixed Broad-
leaved forest, and small part was mixed forest. (3) Other forest landscape type consist of Mixed co-
niferous forest, Mixed forest and Broadleaved mixed forest, the proportion of transferred area of
which was a little.

4.4 Dynamic model of forest landscape type
Original transfer probability was determined by the data from 1997 to 2007. According the area

of transferred forest landscape (Table 3), we can account the annual average transfer area (hm’/



