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Climate-based digital simulation on spatial distribution of vegeta-

tion A case study in Inner Mongolia

NIU JianfMing (Grassland Research Institute of Chinese Academy of Agricultural Sciences, Hohhot 010010,
China)

Abstract: In Inner Mongolia, previous researches showed correlation between vegetation zones and climate
in early 1960s. Later, humidity data was used to describe zonation in detail. Since 1980s., vegetation-cli-
mate relationship was studied deeply with the successful application of remote sensing on vegetation sur-
vey, and the range of humidity for main vegetation zones was modified. Moreover, multivariate analysis
was also introduced to explain vegetation attributes quantitatively in climate space. The objective of this
paper is to model vegetation type and zonation with climate factors by means of discrimination analysis.,
and to simulate spatial distribution of them digitally based on climate data under the support of GIS.

Two sets of data, climate data and thematic maps, were used. Climate data was cited from 30 years
observations of 156 meteorological stations in Inner Mongolia Autonomous Region. Among the 23 selected
climate factors, 14 belonged to simple climate data (e.g. annual mean temperature). Others were indices
derived from integrating two or more climate factors (e.g. Penman’s aridity). Thematic maps were vege-
tation type map and vegetation zonation map.

Firstly, to set up climate model with geographic elements. Correlative models of the 23 climate fac-
tors with longitude, latitude, and altitude were generated by mean values. Factors related to temperature
changed linearly with geographic elements, and showed significant correlation. Factors concerning precipi-
tation had nonlinear relationships with geographic elements, and models were more complicated. Digital

images of climate factors were produced by integrating these models to images of geographic elements
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through GIS operation.

Secondly ., to recognize climate pattern of vegetation type and zonation. Climate data sets for vegeta-
tion types and zones, at first, were extracted by overlaying images of vegetation type and zonation with cli-
mate images. Then, these sets were re-sampled by pseudo-freedom sampling. Finally, Fisher functions
using climate factors as variables were generated by stepwise discrimination analysis based on re-sampled
data. These functions were models of pattern recognition. Simulated spatial distribution of vegetation type
and zonation was produced by integrating these models and related climate images. The agreement of actu-
al and simulated distributions was identified by Kappa Statistic (k).

Vegetation types were divided into 4 groups, i.e. . zonation, mountain, sandy land and wetland type,
and analyzed group-by-group. Total correct recognition rates for them were 61. 82%, 64.44%, 82.72%
and 77.44% respectively. Among the low rated types, some of the mis-recognition was caused by changes
of soil or local topography. In zonal vegetation. for example, correct recognition rate for rocky desert in
low mountains and hills was 26. 6% , and for Haloxylon ammodendron desert was 32.5%. In sandy land,
only two types showed less than 90% of correct rate, i.e. , Ulmus pumila open forest (39.8%), Cara-
gana spp. and Salix spp. shrubs (34. 3% ). In wetland, mis-recognition occurred in two types. i.e. ,
swamp meadow (grass and sedge) and valley meadow (mesic forb and grass). Others were degraded or
secondary types developed under human disturbances. They had the same climate condition as native ones,
so it was difficult to distinguish them only by climate-based pattern recognition. For example, Cleistogenes
squarrosa and micro-bunchgrasses steppe induced by overgrazing had low correct rate of 26.7%. In Daxin-
ganling Mountains, most of Betula platyphylla and Populus davidiana forest was wrongly recognized as
Larix gmelini forest (27.2%), Corylus spp. and Lespedeza bicolor shrub (25.3%), or Quercus mongoli-
cus forest (15.1%). 33. 8% of Larix gmelini forest was wrongly recognized as Corylus spp. and Les-
pedeza bicolor shrub.

Results of discrimination on vegetation zonation were much better than that on vegetation type, Total
correct recognition rate was 86. 84 %. Zones with correct rate over 90% accounted for 64 %. Particularly,
zones distributed separately in spatial and had obvious differences in climate were accurately distinguished,
correct rate being nearly to 100%.

Simulated maps of vegetation type and zonation were produced by spatial operation on Fisher functions
and related climate images. Totally. vegetation type simulation was good, %4 value being 0. 50. Nine types.,
accounting for 22. 5% ., were excellently simulated with £ value greater than 0. 70. There were 14 nicely
simulated types, i.e. % values ranging from 0. 40 to 0. 70, accounting for 35% of the total. Vegetation
zonation simulation belonged to a category of very good, & value being 0. 57.

This study showed that the spatial distribution of vegetation correlated strongly with climate in Inner
Mongolia. Discrimination and simulation of vegetation type and zonation based on climate variables showed
satisfied results. Disagreement occurred in non-zonal and secondary vegetation categories.

The case study suggested that climate-based digital vegetation simulation is suitable for the regions
with distinct climate differences, homogenous topography and land covers, and for studies on high level
categories such as vegetation zonation. Therefore, this method can be used to interpret vegetation-climate
relationship on macro areas, i.e. , on continental or global scale. From this point of view, it may play an
important role to study impacts of climate change on terrestrial biome.

The study indicated that lower level vegetation categories couldn’t be satisfactorily simulated only ac-
cording to climate. More data, such as soil, NPP, and site observations should be introduced in order to

increase the accuracy of simulation.
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Common vegetation-climate researches depend on site observations. It is difficult to get enough and
well-distributed samples due to practical limitation, and to extrapolate spatially, too. Digital vegetation
and climate images used in the paper had features of spatial and numeric continuity. So, it is possible to in-
fer the nature of vegetation primarily in an area where detailed field survey is not carried out.

Thematic maps digitized in the study were generated from interpretation of Landsat images, MSS and
TM., in 1980s. Characteristics and boundary of vegetation were well defined. But, some disagreement be-
tween vegetation and climate existed evidently, which resulted in errors of discrimination and simulation.
Consequently . it is necessary to use up-to-date vegetation map as far as possible when this kind of method
is employed.

Key words :vegetation-climate relationship; discrimination analysis; simulation; GIS; Inner Mongolia
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Table 1

Discrimination analysis on zonal and mountain vegetation types
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2 (%)
Table 2 Discrimination analysis on vegetation types of sandy land and wetland
Type 22 23 24 25 26 27 28 29 37 38 39 40 41
22 39.8 0.6 5.6 37.3 16.7
23 100
24 13.7 34.3 2.2 47. 4 2.4
25 2.1 97.9
26 1.2 1.8 97
27 93.8 5.2 1
28 1.8 98.2
29 7 98.3
37 82.2 5.4 12.4
38 5.9 82.2 9.1 2.8
39 12 27 53. 4 7.6
40 13.3 3.6 70.5 12.6
41 7.3 92.7
3 %)
Table 3 Discrimination analysis on vegetation zones
. 2 3 4 5 6 7 8 13 14 15 17 20 21
Zone
1 92.1 7.9
2 100
3 8 1.3 71.3 4.5 11 3.8
4 98. 2 0.1 1.6 0.1
5 98 2
6 7.6 7. 74.9 2.3 7.6
7 0.8 99.2
8 1.6 2 1. 0.6 88.2 6
13 0.1 1.9 89 6.3 2.7
14 0.2 99.7 0.1
15 0.2 99.5 0.3
17 1.7 16.2 A 2.8 70.5 2.3 1.8
20 0.1 99. 6 0.3
21 2.3 0.1 97. 6
s k o k 4, Wk 0.7
9 s ,  22.5%, .,k 0.4~0.7 14 , 35%.
s sk 0.4, 17 . 42.5%. k 0.50,
3.2.2 N s ( ),
k s 5, k 0.57, o
kR 0.23; kR 0.21; N3 0.23,
o s 3 o s
b ’ o
4
GIS s - s ,
o b o 9
s N N 61.82% .64.44%.82.72%
7744 %, N 0. 50, )
86.84% , Wk 0.57,
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4 k
Table 4 Kappa statistic (k)values of vegetation types

Type k Type k Type k Type k
1 0. 67 11 0. 81 21 0. 40 31 0.94
2 0.98 12 0. 49 22 0. 87 32 0.28
3 0. 29 13 0.30 23 0.41 33 0.17
4 0. 47 14 0.51 24 0.29 34 0. 20
5 0.61 15 0.57 25 0. 34 35 0.45
6 0.15 16 0.19 26 0.91 37 0. 84
7 0. 35 17 0.67 27 0. 31 38 0.58
8 0.67 18 0.32 28 0. 38 39 0. 39
9 0.32 19 0.74 29 0. 40 40 0. 80
10 0.41 20 0. 24 30 0. 26 41 0.92
5 k 9’
Table 5 Kappa statistic(k) values of vegetation zones . s
] k k >
Zone Zone Zone Zone
1 0. 84 5 0.49 13 0.71 20 0.83 ¢ ’ N
2 0.23 6 0.66 14 0.23 21 0.93 s
3 0.49 7 0. 62 15 0.59
4 0.21 8 0.59 17 0.54 °
b b
N . . o . . N
b b o
- b ’ A
9 o
’ b o 9 ’
o 20 80
MSS ™, N s o s
.’ o ’ 9 o
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I Note of plate I

1 (Larix gmelini forest),2 (Picea crassifolia forest),3 (Pinus sylvestris var. mongolica
forest) .4 N (Betula platyphylla, Populus davidiana forest),5 (Quercus mongolicus forest) , 6
(Corylus spp. » Lespedeza bicolor shrub),7 . (Ostryopsis davidiana,Spiaea spp. Shrub),8
(Rosa xanthina, Amygdalus spp. Shrub),9 (Prunus sibirica shrub),10 (Ulmus
macrocarpa open forest),11 . (Forest meadow of forbs and sedge), 12 .
(Steppe meadow of forbs and grass) .13 . (Meadow steppe of grass and forbs),14 (Aneu-
rolepidium chinense steppe),15 (Stipa grandis steppe) ,16 (Stipa krylovii steppe) 17
(Steppe of Cleistogenes squarrosa and micro-bunchgrasses),18 . (Desert steppe of Sti-
pa gobica,S. klemenzii,S. glareosa and Cleistogenes songorica) s19 — (Desert steppe of small Stipa
grasses with Caragana spp. )20 (Stipa bungeana steppe) ,21 (Desert steppe of Stipa
breviflora) ,22 (Ulmus pumila open forest in sandy land),23 (Woody shrubs in sandy land) ,
24 . (Caragana spp. »Salix spp. shrubs in sandy land) , 25 (Artemisia haloden-
dron) 26 (Artemisia intramongolica) s 27 (Artemisia ordosica) 28 (Gly-
cyrrhiza uralensis) » 29 s R . (Artemisia ordosica community with Zygophyllum zxanthoxylon,
Ammopiptantus mongolicus and Tetraena mongolica) » 30 . (Steppe desert of dwarf shrubs and
small grasses),31 . (Reaumuria soogorica,Salsola passerina desert) ,32 (Rocky desert in
low mountains and hills ), 33 s R (Gobi desert of Reaumuria soogorica, Nitraria
sphaeorocarpa) ,34 . (Desert of Ajania spp. and Ephedra przewalskii) +35 (Haloxylon am-
modendron desert), 36 (Sandy desert), 37 (Swamp) , 38 N (Swamp meadow of grass and
sedge), 39 N (Meadow of mesic forbs and grass in valley),40 (Saline meadow) ,41

(Haloeremion) ,42 (Crop land) ,43 (Water body)

I Note of plate II

1 (Forest in Daxinganling Mountain) .2 (Warm broad-leaved decidu-
ous forest in mountains of North Hebei) , 3 (Meadow steppe) »4 (Mountain forest-
steppe of Yinshan Mountain),5 (Mountain forest-steppe of Helanshan Mountain) ,6
(Typical steppe of Stipa grandis.S. krylovii) 7 - (Steppe with Prunus sibirica in Songliao
Plain) .8 . (Warm steppe of Stipa bungeana,Thymus mongolicum) 9 (Keerqin
sandy land),10 (Hunshandake sandy land),11 (Maowusu sandy land),12 ( )
(East Kubugi sandy land),13 (Desert steppe of Stipa gobica.S. klemenzii,S. glareosa) 14
(Mountain desert-steppe of Langshan Mountain), 15 (Warm desert
steppe of Stipa breviflora),16 ( ) (West Kubugi desert),17 (Steppe desert),18
(Wulanbuhe desert),19 (Tenggeli desert), 20 (Clay desert of Salsola
passerina in the northern piedmont of Longshoushan mountain), 21 (Warm desert), 22

(Badanjilin desert),23 (Oasis and irrigative farmland) .24 (Water body)
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