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Abstract; In the ecologically vulnerable area which locates in northwest arid and semiarid areas, ecological land is the
important guarantee to maintain the security and stability of regional ecological environment. Studying the simulation of
ecological land use change is of great significance. Accordingly, based on the typical ecologically vulnerable area—
Dengkou County, this paper simulates ecological land use evolution of Dengkou County, using the four remote sensing
image interpretation data of 2002, 2007, 2012 and 2015. Taking ecological eco-resistance barriers and EnKF — MCRP
model into account, an ecological resistance surface was built. The EnKF — MCRP model was constructed to simulate the
evolution of ecological sources considering the ecological sources change, ecological source level, distance and base surface
resistance characteristics. The results showed that the combination of data assimilation and EnKF — CA/Markov model made
a total accuracy of 82.4% , by using ensemble Kalman filter, the model can accumulate less errors and improve the
accuracy of simulation, i.e., data assimilation can reduce the accumulation of errors. According to the expandability,
ecological sources of Dengkou County were divided into five grades, of which the spatial layout of 3, 4, 5 grades formed the
northeast-southwest and northwest-southwest pattern of desertification prevention. The building of EnKF — MCRP which
takes the ecological source evolution into consideration made the highest precision. And the area of ecological sources and
spatial distribution were the closest to the reality, of which the variance met 0. 4. Different levels of ecological sources and
ecological barriers were used to modify the model, which can improve the accuracy of the simulation results. This study
could provide a scientific basis for the current and future ecological land planning and management.
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0 Introduction

Ecological land has important ecosystem services,
high sensitivity and fragile ecological environment. It is
a land unit which can maintain the important role of
') In the northwest
the

extremely fragile. Ecological land is a “buffer” ! | it

regional key ecological processes

desert oasis transition region, ecosystem 1s

can accelerate the prevention and mitigation of land

desertification expansion. It also has multiple
functions, such as maintaining the healthy and
sustainable development of the oasis ecosystem,

providing the ecosystem services and so on. Therefore

the simulation of ecological land use change in the
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ecological fragile area of the desert oasis has become a
hot spot of the scholars around the world. The
reconstruction, simulation and prediction of ecological
land can provide effective demonstration and support
for the rational utilization, scientific planning and
improvement of the ecological land resources in the
desert oasis area.

Minimum cumulative resistance model is widely used
in the field of species conservation and landscape

—4]

pattern analysis'’ MCR model was used by many

scholars to study the land use planning, urban land
land

ecological

expansion simulation, ecological protection

expansion trend analysis, urban land

suitability evaluation, mountain urban growth boundary
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5-6] " In the construction of the

delimitation and so on
ecological resistance model, the source, distance and
resistance of the three factors are considered in most of
the studies, and the study on the source level is

relatively less in the construction of resistance

model "’ .

ecological source. The source of ecological land is of

There is no research on changes in the

great significance. It changes with the time and the
external conditions. Data assimilation can assimilate
the observed data from different sources to modify the
dynamic process model. At present, different data
assimilation algorithms have been used by many

scholars in urban expansion simulation'® | land use

107 and so

simulation'®’ | land surface system simulation
on. These studies show that the data assimilation can
update the model and improve the accuracy of the
model *” .

hotspot at present, are introduced to the ecological
[11]

Data assimilation techniques, the research
source change simulation Assimilation value is
used to improve source change simulation results, and
the change of source is introduced into the ecological
resistance surface model. In addition, ecological
source expansion capacity factor is used to modify MCR
model. In this paper, the ecological resistance model
suitable for the desert oasis area is constructed.

In this paper, Dengkou County, a typical city in
desert oasis area, is selected as the research area. The
EnKF algorithm is used for simulation and correction of

ecological source changes, to construct ecological

model.  This

elements; ecological sources change, source level,

resistance model includes four
distance and ecological resistance/disorder. Then,
the ecological land use expansion in Dengkou County

was simulated.
1 Materials and methods

1.1 General situation of study area

Dengkou County is located in northwestern of China.
The coordinate of this area is 107°05" E and 40°13" N.
Dengkou County locates in the terrain surrounded by
backed by the
Langshan Mountain, and locates in northeast of Ulan
Buh Desert. The altitude is 1 030 ~ 2 046 m in
Dengkou County, and the altitude in the southeast is

the Inner Mongolia Hetao Plain,

higher than that in the northwestern, except for the

mountainous area. The climate of the area is temperate

continental monsoon, for example, the average wind
speed is 3. 0 m/s, instantaneous maximum wind speed
is 28 m/s, average annual rainfall is 143.9 mm,
average annual potential evaporation is 2 327 mm,
average temperature is 7. 6°C , and frost free period is
136 days. Otherwise, 6 soil classes, 10 sub classes,
31 soil genera and 258 soil types can be found in this
area. The total length of Dengkou County going through
the Yellow River is 52 km and annual runoff that covers
36,100 acres is 31 billion m’. The depth of He Tao
area groundwater is 0. 5 ~3 m, the depth of sandy area
groundwater is 3 ~10 m, and the depth for alluvial soil
groundwater in front of the mountain is 3 ~ 30 m.
Abundant surface water and groundwater strongly
support the development of Dengkou County and the
expansion of ecological land.
1.2 Data sources and processing

Landsat TM images (2000, 2007 and 2012) and
Landsat OLI image ( 2015 ) with few cloud were
selected as main research material in this article, the
resolution of both images is 30 m. At the same time,
vegetation map in 2012 (1:50 000) , land use map in
2015 (1: 50 000), and Digital Elevation Model
(DEM, 30 m) were used as secondary data. By using
ENVI 5. 1 software, we carried out the synthesis of the
image, as well as image enhancement, and geometric
correction were also conducted in this research.
Maximum likelihood supervised classification method
was chosen to be the visual interpretation for remote
sensing image for four stages''”’| to extracted the
ecological land information, and it is the basic
ecological land. It has an irreplaceable important role
in improving the environment, maintaining regional
ecological ~balance, including lakes, beaches,
reservoirs, ponds, waters and the natural desert shrub
forest, artificial green space, forest and grassland.
ArcMap 10. 2 was used to deal with fine plaque, and
superposition analysis was used for spatial data
analysis. Finally, this research made use of Arclnfo
10. 2 to manage the topology image and correction
processes.
1.3 Technology roadmap

Using the constructed EnKF — MCRP model to
simulate the ecological land expansion in Dengkou

County, the overall technical route is shown in

Fig. 1.
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Fig.1 Technical roadmap

1.4 Analog source change based on EnKF

The types of ecological land in Dengkou County
include artificial ecological land and natural ecological
land. The wetland ecological land and desert vegetation

ecological land can be used as the ecological

(2]
sources .

Ecological source is continuously changing
with time, and this change can affect the regional
ecological land pattern. Ensemble Kalman filter
( EnKF ) algorithm, one of the data assimilation
method, was used for simulation of source changes,
and the CA/Markov model was used as model
operator, then the source changes were introduced to
the ecological land expansion simulation' "’ .
1.4.1 Ensemble Kalman filter

Ensemble Kalman filter model regards state
prediction as approximate random dynamic prediction.
A state population ( assuming the number of N,
representing the set number) was used to represent the
probability density function of the stochastic dynamic
prediction'™. The general probability density function
of the next moment state was calculated by forward
integration, and the statistical properties ( such as
mean and covariance) of the time are obtained'" '*’.

The calculation steps of the set Kalman filtering
algorithm are as follows

(1) Initialize ensemble of model states.

X, =(XLX X)) (X eR™Y) (1)
where n is the number of model states variables, N is
the size of ensemble and £ is the time.

(2) Calculate the forecasted variable of model states
X, at time k +1.
X, =M(X}) +o, (0,~N0O,W)) (2)

where X/, is the forecasted variable of model states at

time k£ +1. X| is the analyzed variable of model states

at time k. w, is model error vector, which conforms to
Gaussian distribution with zero mean and covariance
matrix W,. M() is the CA/Markov model in this paper.
The source of change can be seen as Markov'” in the
study of source change simulation. For example, in this
paper, using the source data in 2002 and 2007, the spatial
distribution of source in 2012 could be predicted. And then
compared with the actual source data in 2012, the source of
plaque in 2007 may correspond to the Markov process, it is
only associated with the source patch in 2002. Different
levels of source conversion area number or proportion is the
state transition probability'"® """

(3) Calculate the Kalman gain matrix K, ,, at time
k+1.

Kk+1:P£+1HT(HP£ H' +R)"' (3)

+1

where,

1
N-1

N
P£+] = Z(X;c+l - .;.t+l)(X}l(;+l _XZH)T
1=1

N

1 < o o =
r 2 (X/k+1_X/k+1)(H(X£+1) _H(X£+1))T
i=1

N
HPLH' = T S (HX) ~H(X)-
(H(X;,,) -H(X],)"
where P, is the forecasted background error
covariance matrix. H is observation operator. R is
observation error covariance. )?fk'ﬂ is the forecasted
state variable mean of ensemble members.
(4) Calculate the analyzed variable of model states
X; ., and the analyzed error covariance matrix P} .
X, =X, +K [ (Y, +v,) -H(X],)]
(7. ~N(O,R)) (4)

a l ;\‘ a 7(1 a 7([
Pk+1 = _ Z (XA-+1 _Xk+l>(Xk+l _XIH-I)T
N-1 13
(5)
_ 1 N .
X:+1 :N Z X,(’ru+l <6>
i=1

where Y, ., is the observation at time k + 1. w, | is

where ,

random error vector of observation with zero mean and
covariance matrix R.

(5) If it is the end stage of assimilation, end the
program. Else, back to step (2).
1.4.2 Implementation of EnKF and CA/Markov model

Data assimilation offers the advantage to integrate
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various amounts of observations and model predictions
for improved estimates of states. It requires that the
input data is non boolean. While the CA/Markov
model which simulate is the result state of cell only has
two species, i. e., the source and non-source' '
Therefore, it is necessary to make some adjustments.
In this paper, the study area is divided into grids.
Each grid contains a certain number of pixels (cells).

The calculation formula of cell expansion strength is
as follows;

ECOYL(SL-]- = source)

0 — mxm (7)

Y mm

where the number of cells inside a grid is m x m.
con(s; =source) is the number of endogenous cells in
the region.

Using the above equation, each grid has a
developing density of continuous numerical value. We
assume that each member of ensemble in X, is
correspond to a developing density of a grid. The
analysis value X}, can be derived by use of Eq. (4).
The simulation results of CA model can be updated
based on the derived analysis value. The CA model
based on ensemble Kalman filter was established. The
steps of model establishment are detailed as follows:
(D derive the developing density of each grid X/ from
the simulated results of CA model at assimilation time.
2 obtain the analysis values X{,, by Eq. (4) after
setting the parameter values of EnKF. (3) update the
simulated results based on analysis values X, .

Using the Fishnet module of ArcGIS software, the
whole area was divided into 513 regular blocks, and 66
observation points and 56 detection points (Fig.2)
were selected.

For statistical error, variance (SE) was adopted and

£ Observation point
* Detection point
0 10 20km

Fig.2 Spatial distribution of observation points and

detection points

calculated as follow :

V=Y (5, -2 (8)

=1
where y is true value, x is assimilated values or
simulated values. y has the same number of dimensions
as x.
1.5 MCRP model

Ecological land expansion can be regarded as a
competitive control process of ecological green space to
other land use space. And this control and coverage

[5,21-22]

must overcome the resistance’ This extension

can be seen as a horizontal process from source to

sink'®'. The basic formula of MCR model is:
VMCR :fmin Z Dg,'Ri (9>
j=n
where f, . is a function of the positive correlation that

reflects the relation of the least resistance for any point
in space to the distance from any point to any source
and the characteristics of the landscape base surface;
min denotes the minimum value of cumulative
resistance produced in different processes of landscape
unit i transforming into a different source unit j; D; is
the spatial distance between landscape unit i and
source unit j; and R, denotes the resistance coefficient
that exists in transition from landscape unit i to source
unit j.

Different ecological sources have different ecological
expansion ability. Different levels of ecological source
expansion ability factor P; was introduced to modify
MCR model. In order to simplify the calculation,
ecological source patch area value was used to classify
ecological sources. And using ArcGIS 10. 2 software to
give the value of the expansion ability.

The EnKF — CA/Markov model was used to predict
the ecological sources in 2017. This prediction result
was used for data assimilation with ecological sources
in 2012. The spatial distribution of ecological source
assimilation contains ecological source information in
2012, also includes the future trend of the ecological
source.

The ecological model of resistance source expansion
capacity constraints is constructed, i. e. , MCRP model
(Minimal cumulative resistance power). The modified
model is composed of four factors, including the
sources, the source level, the distance and the base

resistance characteristics. The modified formula is
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expressed as
i=m

ViierP =frin Z Dinin (10)

j=n
where P, indicates the relative energy factor of the
source j, the higher the value of P;, the greater the

energy of the ecological source.
2 Results and analysis

2.1 Simulation source change and classification
According to the image interpretation data of 2002,
2007 and 2012, combined with the actual situation of
Dengkou County, ecological sources were extracted. In
the desert oasis region, the ecological function of
wetland is huge, so all the waters were extracted as
ecological source. In Dengkou County, the windbreak
function of desert shrub land is significant, ecological
function is very important, the area more than 0. 1 km®
of the desert shrub land was extracted as a source.
EnKF algorithm was used to simulate the spatial-
And the CA/Markov

model was used as the operator of data assimilation.

temporal evolution of source.

The size of the collection was set to 30, data
assimilation operator parameters included distance
factor, terrain factor, and hydrological factor. As
shown in Fig. 3.

Using CA/Markov model and EnKF — CA/Markov
model, based on the source data in 2002 and 2007,
forecasted the source spatial distribution in 2012
(Figs. 4b and 4c¢), and compared it with the actual
situation of ecological land (Fig.4a).

IDRISI software was used to carry out pixel by pixel
comparison analysis, the total accuracy of EnKF — CA/
Markov model simulation is 82.4% , the simulation
results variance is 0.6, and Kappa coefficient is
0.513. The simulation precision of the traditional CA/

Markov model is 65.4% , the variance of simulation

g

=/
B Water body B Water body Bl Water body
W Desert shrub land W Desert shrub land W Desert shrub lan
0 10 20km 0 10 20km e 0 10 20km

{a) Actual ecological source distril in 2012

.

L £
- e M .

3§
£

{a) Slope

{b) Buried depth of groundwater  (c) Dronght index

{d) Distance to water hody (e} Distance to road

N () Aspect

A Suitability degree o 0 __50 __100km
Fig.3 Evaluation of various types of suitability factors
results is 1. 3, and the Kappa coefficient is 0. 342. In
the process of simulation, the simulation results were
improved by using the data assimilation technique. In
this study, the model can reduce the accumulation of
errors and improve the accuracy of simulation by

introducing the Ensemble Kalman filter.

Based on the source data in 2007 and 2012, EnKF —
CA/Markov was used to predict the spatial distribution
of the source in 2017. Source spatial distribution in
2017 is shown in Fig. 5a. Ecological source in 2017
was used as the estimated value of EnKF model, the
actual ecological sources in 2012 and ecological source
in 2017 were used for data assimilation. Ecological
source assimilation data in 2017 and 2012 were
obtained (Fig.5b) , which includes both the ecological
source information in 2012, and the trend of ecological
land use change to 2017.

According to the source of capacity expansion, the
source level was divided. The total is divided into five
levels (Fig.5c) , the higher level represents the source
Level 5

distribution in Dengkou County outside of Baulerhaute

expansion ability is stronger. source

Gacha, Bayanondor Gacha, Ondormaodao Gacha and

Wulanbuhe farm land, from southwest to northeast

.

>

(b) CA/Markov model prediction results in 2012 (c) EnKF-CA/Markov prediction results in 2012

Fig.4 Actual and model simulated spatial distribution map of ecological source in 2012
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through Dengkou County, connects with Nailun Lake.
The level 4 ecological source is mainly distributed on
the periphery of Bayingarina Gacha, Hatengtaohai
farmland and Nalintaohai farmland. Level 3 ecological
source is mainly distributed in Dengkou County near

F g

;s’ 3 A

B Water body B Water body

o Desert shrub land o Desert shrub land
0 10 20km — 010 20km

the sand forest, Nailun Lake, Baoergai farm. 3, 4, 5
ecological sources constitute the northwest-southwest
and northeast-southwest desert protection pattern. This
pattern can prevent and control the expansion of the

Ulan Buh desert.

] .5
2mmy

0_10 20km S

(a) EnKF-CA/Markov prediction results in 2017

(b) Ecological source

tion results (c) Ecological source level distribution

Fig.5 Distribution map of ecological sources and classification of space

2.2 Construction of ecological resistance surface
Due to differences in the surface characteristics,
ecological land resistance in the process of expansion is
different, the resistance coefficient reflects the degree
of difficulty that ecological land control and cover other
land use types. The surface resistance was divided into
two categories: ecological barriers and ecological
resistance. Ecological barrier is the land cannot be
extended to the ecological land, such as construction
land, basic farmland and so on, constitute the rigid
constraints of the expansion of ecological land, the

resistance coefficient is infinite. Ecological resistance

is a land mass which has different effects on the
expansion of ecological land. Considering the inherent
attributes and additional attributes of the land surface,
the evaluation system of ecological resistance was
constructed. The ecological resistance was divided into
five levels, level 1 indicates the minimum resistance,
level 5

attributes include land type and geological features.

indicates the maximum resistance. Intrinsic
Additional attributes include ecosystem services value
and NDVI- water body distance.
resistance evaluation system is shown in Tab. 1 and

Tab. 2.

The constructed

Tab.1 Evaluation system of ecological resistance

Attribute value

Project
1 2 3 4 5

Natural lakes, ponds, rivers and Desert shrub, urban green land, ) Urban and

Land type ) ) Cultivated land ) Desert
ditches, reservoirs etc. natural grass land, etc. construction land

Topographic ) . Hard
Extremely soft matrix Low soft substrate Soft matrix Low hard substrate

features substrate
Water supply, flood control, .

) o ) o Maintenance of )

drainage, water purification, Wind, prevent desertification, To provide land for

Service function

carbon dioxide absorption, and wildlife habitat

oxygen release

biological diversity, o Non
) human habitation
biomass production

Tab.2 Evaluation system of ecological resistance

between NDVI and water distance

The distance between it and the water body/km

DV 0~30 30~60 60~120 120~180  >180
0.8~1.0 1 1 2 2 2
0.6~0.8 1 2 2 3 3
0.4~0.6 2 3 3 4 4
0.2~0.4 2 3 4 4 4

0~0.2 3 4 5 5 5

First of all, the ecological land space expansion
barriers were identified. The first category is the basic
farmland, it can guarantee the regional economic and
social stability in Dengkou County, and its area is
796.28 km’. The second category is construction land,
it is the rigid limit of ecological land expansion. The
distribution map of ecological barrier is shown in

Fig. 6a.
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surface

Then, the
determined according to the evaluation system of
According to the MCRP model,
of ArcGIS

ecological source surfaces of ecological source of five

ecological resistance was
ecological resistance.

using cost-distance module software ,
levels were separately generated. The superposition
operation was carried out to generate the resistance
surface of ecological land expansion, as shown in
Fig. 6b. The minimum cumulative resistance value is
0, which is located in the interior of the ecological
land. The maximum cumulative resistance value is

77780. 8, located inside the Ulanbuh Desert. According

to the accumulated resistance surface, the resistance of

>z

o Cultivated land Resistance value

the outer of ecological land is larger, and the obvious

“ridge line” is formed. This phenomenon is due to the
large area of desert in the periphery of the desert shrub
land. The area with low accumulation resistance is
broken and the integrity is poor, which seriously affects
the flow of landscape flow. The ecological environment
in arid area is fragile, and the serious desertification
leads to the poor flow of landscape ecology. The
inherent attribute leads to the large resistance of
landscape flow. However, the increase of the artificial

which

further aggravated the landscape fragmentation and

impervious surface caused by urbanization,

increased the flow resistance of the landscape.

B Water body
B Ecological land
0 10 20km

surface of ecological land

B Construction land -ngh 77780.8
Q_10 20km 010" 20kn
(a) Spatial distribution of ecological barriers (b) Expansion 1

{¢) Spatial distribution of ecological land in 2015

{2

Fig. 6  Ecological barrier, resistance surface and spatial distribution of ecological land in 2015

2.3 Ecological land expansion simulation

Python scripting language was used to prepare the
program to simulate the model in the ArcGIS 10.2
software. The data in 2012 was selected as the data
base, the time threshold was set to 3 a. Based on the
the actual data of

generated resistance surface,

ecological source in 2012 and the assimilation data of
the MCR model and the MCRP

model were used to simulate the ecological land

ecological source,

expansion, and to simulate the ecological land use in
2015 respectively ( Fig. 6¢).

validation, the ecological land area in 2015 was used

In order to facilitate the

0 Cultivated land
B Ecological land
W Water body

B Construction land %1020 km

(a) EnKF-MCRP model simulation results

= Cultivated land
B Ecological land
W Water body

B Construction land O—:G—
{b) MCRP model simulation results

as the test standard. Wetland ecological land area is
137. 92 km’ in Dengkou County in 2015. The total area
of desert vegetation type, natural oasis type, and urban
oasis type and wasteland type ecological land is
1 042. 96 km”.

After the iterative calculation, EnKF — MCRP model
simulation of the ecological land area is 1 260. 95 km’
(Fig. 7a), MCRP model simulation of the ecological
land area is 983.57 km’ (Fig.7b), EnKF — MCR
model simulation of the ecological land area is
1631.35 km”> (Fig.7c).
ecological land area in 2015, MCRP simulation model

Compared with the actual

9 Cultivated land
== Ecological land
W Water body

B Construction land ‘L:luﬂ km

{c) EnKF-MCR model simulation results

20 km

Fig.7 Spatial distribution map of ecological land use through model simulation
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which multi period changes of ecological sources and
data assimilation technique are considered has the
highest accuracy. Its pixel by pixel variance is 0.4,
and the overall ecological land space layout is close to
the actual situation, the simulation accuracy of the
MCRP model is followed, the variance is 1. 7. Because
of changes in ecological sources are considered, the
area of MCRP model simulation is slightly larger than
that of ecological land in 2015. MCRP model
simulation results without the use of data assimilation
actual.  This

techniques are smaller than the

phenomenon shows that the data assimilation
technology can improve the accuracy of the model
simulation. The change of ecological sources as a
model of factors is necessary. Compared with the EnKF
— MCRP model, the simulation results of the EnKF —
MCR model is lower, its pixel by pixel variance is
3.1, and its simulation results are much more than the
true value of 450. 37 km®. This result shows that when
constructing ecological resistance surface, the source of
different grades of ecological resistance should be
considered. In addition, the rigidity of the ecological
should be

simulation results, the simulation results of the

barrier limits considered. From the
ecological land expansion without considering the

ecological barrier obviously occupied the basic
farmland and construction land.

The land use types and the actual land use types of
the 56 detection points were compared and verified.
Among them, the consistent assignment is 1, the
inconsistent assignment is 2. Consistency comparison
showed that the simulation results of EnKF — MCRP
model are more consistent with the actual situation. In
the simulation results of MCRP model, 11 points are
not consistent with the actual results, and 19 points in
EnKF — MCR simulation results are not consistent with
the actual results.

16 representative detection points are selected from
56 detection points and the simulation results are
analyzed (Tab.3). At the detection points 1, 3, 4,
5,6, 11, 14, 15 and 16, the simulation results of
EnKF — MCRP, MCRP and EnKF — MCR model are in
accord with the reality. The role of assimilation is
obvious, especially the detection point 2. In 2015, the

detection point 2 is ecological land. The simulation

results of EnKF — MCRP and EnKF — MCR model are

consistent with the actual results, but the MCRP model
simulation results are not consistent with the actual
results. This results show that the data assimilation has
a significant effect on the improvement of simulation
accuracy. Detection points 12, 10 are located in the
edge of ecological land. The model simulation results
based on the data assimilation technique are in accord
with the practice, and the MCRP model simulation
results without the use of the data assimilation
technique are relatively low. If the iteration of the year
changes may lead to inaccurate simulation results. In
general, all points in the assimilation process can get
the correct gain information from the observation point.
So it can get a better error correlation matrix, which
can be used in the gain matrix to get better assimilation
value. The data assimilation technique can combine
the information of the observation point. The
assimilation value is closer than the simulation value to
the true value. Therefore, the data assimilation method
is introduced into the model, which can obtain better
simulation results. Detection points 7, 8 and 9 are in
the ecological barrier, the detection point 13 is located
on the edge of the ecological barrier, and the

simulation results of EnKF — MCRP and MCRP model

are in agreement with the actual results. In contrast,

Tab.3 Land type for some detection points

Detection EnKF — EnKF — The actual
M situation in  Position
point MCRP MCR 2015
1 1 1 1 1 Inside
2 1 4 1 1 Inside
3 1 1 1 1 Edge
4 2 2 2 2 Inside
5 3 3 3 3 Inside
6 2 2 2 2 Inside
7 2 2 1 2 Edge
8 2 2 1 2 Edge
9 2 2 1 2 Edge
10 1 1 1 1 Edge
11 3 3 3 3 Inside
12 1 1 1 1 Inside
13 2 2 2 2 Edge
14 2 2 2 2 Inside
15 1 1 1 1 Inside
16 1 1 1 1 Edge
Note: 1 represents the ecological land, 2 represents the ecological

barrier, 3 represents the desert, and 4 represents the non-ecological

land.
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MCR model is

ecological land. This difference indicates an excessive

the simulation result of EnKF —

expansion of ecological land. It is necessary to consider
the ecological barrier in the construction of the

ecological resistance surface model.
3 Conclusions

(1)

included wetlands ecological land and desert vegetation

In Dengkou County, ecological sources

ecological land. It played an important role in
maintaining the stability and development of regional
ecological land. Simulation of changes of ecological
source and data assimilation technique was applied in
this paper. This application can quantify the change
trend of the ecological source. The simulation accuracy
of the EnKF — CA/Markov model was 82.4% , which
can reduce the accumulation of errors and improve the
accuracy of simulation by the introduction of Ensemble
Kalman filter.

(2) According to the ability of ecological source,
ecological source of Dengkou County was divided into
five grades. Research showed that: level 3, 4 and 5
ecological source spatial layout was from northeast to
southwest and northwest to southwest desert protection
pattern in Dengkou County. This pattern had important
significance for the prevention and treatment of
Ulanbuh Desert expansion, and it played a significant
role in maintaining the stability of regional ecological
environment.

(3) Ecological resistance and resistance were
considered in the construction of ecological resistance
surface. In the construction of resistance surface,
the ecological barrier was introduced, which can
prevent the excessive expansion of the ecological
land. Ecological sources change, ecological source
level, distance and base resistance were used to
MCRP model. The
cumulative resistance value was 0, the maximum was

77 780. 8,

barrier was infinite.

construct  the minimum
and the resistance of the ecological
The results showed that the
simulation accuracy of the EnKF — MCRP model was
the highest. The ecological land area and space
layout were close to the actual situation, and the

effect of data assimilation on the simulation accuracy

was obvious.
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Simulation on Ecological Land Use Expansion Based on
EnKF — MCRP Model

Yu Qiang' Yue Depeng' Di Yang® Zhang Qibin' Ma Huan' Li Yutong’
(1. Beijing Key Laboratory of Precision Forestry, Beijing Forestry University, Beijing 100083, China
2. Department of Geography University of Florida, Gainesville FL 32611, USA
3. Center for Land Consolidation, Ministry of Land and Resources, Beijing 100035, China)

Abstract; In the ecologically vulnerable area which locates in northwest arid and semiarid areas,
ecological land is the important guarantee to maintain the security and stability of regional ecological
environment. Studying the simulation of ecological land use change is of great significance. Accordingly,
based on the typical ecologically vulnerable area—Dengkou County, this paper simulates ecological land
use evolution of Dengkou County, using the four remote sensing image interpretation data of 2002, 2007,
2012 and 2015. Taking ecological eco-resistance barriers and EnKF — MCRP model into account, an
ecological resistance surface was built. The EnKF — MCRP model was constructed to simulate the
evolution of ecological sources considering the ecological sources change, ecological source level,
distance and base surface resistance characteristics. The results showed that the combination of data
assimilation and EnKF — CA/Markov model made a total accuracy of 82. 4% , by using ensemble Kalman

filter, the model can accumulate less errors and improve the accuracy of simulation, i.e., data

assimilation can reduce the accumulation of errors. According to the expandability, ecological sources of
Dengkou County were divided into five grades, of which the spatial layout of 3, 4, 5 grades formed the
northeast-southwest and northwest-southwest pattern of desertification prevention. The building of EnKF —
MCRP which takes the ecological source evolution into consideration made the highest precision. And the

area of ecological sources and spatial distribution were the closest to the reality, of which the variance met
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0. 4. Different levels of ecological sources and ecological barriers were used to modify the model, which

can improve the accuracy of the simulation results. This study could provide a scientific basis for the

current and future ecological land planning and management.

Key words: ecological land; data assimilation; EnKF — MCRP model; Dengkou County
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Fig.5 Distribution map of ecological sources and classification of space
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Tab.1 Evaluation system of ecological resistance
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Fig.6  Ecological barrier, resistance surface and spatial distribution of ecological land in 2015
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Fig.7 Spatial distribution map of ecological land use through model simulation
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