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Rapid land use pattern change has taken place in Songhua River basin of old industry base in northeast
region of China over the past decades in Harbin region. In this paper, changes in land use pattern in this
region were analysed by using Landsat TM data in 1989 and 2007, to quantitatively explore the spatio-
temporal LUCC (land use and cover change) characteristics, and based on this information, the regional
ecosystem service value was estimated. Cropland and unused land decreased, while built-up land increased
greatly. The greatest change rate occurred in water bodies but the least occurred in cropland. The ecosystem
service value increased 4.8496x108 yuan, with increasing range of 8.3285%, cropland turned into forestland
occurred the greatest positive contribution rate, accounted for 18.9437%, while forestland turned into cropland
occurred the greatest negative contribution rate, accounted for 10.2426%. The increase of built-up land
impacted the ecosystem service value and ecological environment negatively, and the increase of forestland
and water body and the decrease of unused land improved the ecological environment and its ecosystem
service values. Those improving the ecological environment were from other types of land use to forestland
and water body, however, those worsening the ecological environment were from forest and grassland to

cropland and built-up land.

INTRODUCTION

Urbani zation processisone of the current new hot researches
with the urbanization expansion, because human activities
not only expanded their own survival space and at the same
time significantly changed the land use statues and proper-
ties, but also disturbed land use pattern components, made
great impacts on regional environment during land use and
cover changes (LUCC) process (Yu et al. 2011) and then
initiated many natural phenomenon and changes of ecol ogi-
cal process. This process especially resulted in significant
environmental consequences, such as forest degradation,
sedimentation, air, water and noise pollution, increasing in
energy consumption, decreased infiltration and anincrease
in surface run-off, destruction of wildlife habitat, and re-
duction in biodiversity (Ronald & Yuji 2011, Braimoh &
Onishi 2007, Fu et al. 1998, Song et al. 1995, Urner et al.
1995). Eventually, those phenomenanot only greatly lashed
the structure, function and spatial evolution of regional eco-
system (Serafy 1998, Wang et al. 2006), but also seriously
affected ecosystem service value ability for human being,
while the ecosystem service can directly or indirectly offer
the productsin life and service through the structure, proc-
ess and function of ecosystem, meanwhile, these products
and servicesare necessitiesof human survival and warrants
of human lives quality (Sutton & Costanza 2002, Costanza

et al. 1997). Therefore, the quantitative eval uation of eco-
system service val ue hasbecomethe new focus and forward
region of international ecology and ecological economics
(Costanzaet al. 1998, Wang et al. 2006). Moreover, reveal -
ing the urbani zation’ simpacts on the mechanism and rul e of
ecosystem serviceshasbecomeahot research of international
scientists(Min et al. 2006, Marina 2010, Grimm et al. 2000,
Pickett et al. 2001). Studying the LUCC associated with re-
gional ecosystem service value and its change might pro-
videtheimportant significanceto study the eco-environment
change, keep the ecosystem in balance and coordinate the
development between regional economicsand environment.

The economic reform since 1978 have made Chinatake
part inthe increased globalization with the rapi d devel opment
of Chinaeconomy and accel eration of the urbanization. Many
of the cities in China are now growing more than million
peoples, wherealargeintergradation zoneistherural-urban
zone (Addo 2010). This hasresulted in making land cross-
fusion of urban andrural, accel erating the mutual penetration,
and then leading to the obvioudly contradictionin land use,
confusion in spatial layout and fragility in eco-environment.
It not only hindered urban construction, and at the sametime
but affected rural development. Hence, conducting the study
on the LUCC in large city is helpful to understand spatial
change characteristics and temporal evolution process of
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LUCC. Base onthis, quantitatively estimating the ecosystem
services values of land use and cover change could make
urbanization spatial pattern control the ecosystem’ sdynamics
(Liuetal. 2007, Alberti et al. 2007).

Harbin city, asthe important old industrial city and im-
portant grain production basesin China (Li et al. 2010), lo-
cated in middlereach of Songhuariver, isthe rapid urbani-
zation city of northeast region. In thispaper, we use theland
use map in 1989 and 2007 extracted from the Landsat TM
imagesto detect the LUCC changesand anal yse the spatio-
temporal pattern of urban expansion and to quantitatively
analyse ecosystem value, and then to provide reference on
maintai ning the structure and function of regional ecosys-
tem and keep ecological city construction and optimizeland
resources allocating. Thus, it will be helpful to control soil
and water loss, maintain the ecological security, plan land
use and adjust theregional economic structure.

MATERIALS AND METHODS

Study region: Harbin city, asthe important industrial city
with largest areaand the second greatest populationin prov-
incelevel of China, extend from 44°042 to 46°402 latitude
and 125°422 t0130°102 longitude, covering areaabout 7000
km?. The northern, eastern and southern region of this study
areaishigher, extended to western region asnew moon shape.
Theelevation rangesfrom 84 to 886m. Theaveragetempera-
ture is 3.5°C and annual average frost-free period is 135d.
Annual precipitation is545.7mm. Meanwhile, there are many
rivers belonging to Songhuariver hydrographic net, such as
Songhuariver, Hulan river and Ashi river etc., obvioudy, those
conditionsare very suitablefor agricultural development.

I mage pr ocessand inter pr etation: Before being classfied
the Landsat TM image, the first processing worksincluded
geometric, radiometric correction and image enhancement.
The geometric correction of Landsat TM image in 2007 was
carried out in ERDAS IMAGINE 9.2 software by using
ground controls (GCPs) sel ected from the topographic map
at the scale of 1:50000. The resultant root mean square er-
rorswas generally lessthan 0.5 pixel, and then fal se col our
composites were generated from bands 5, 4 and 3 as red,
green and blue, respectively, followed by using the corrected
image asthe geo-referenced imageto finish theregistration
of TM imagein 1989 through image-to-image. Theimage
enhancement was performed for better visual of land usefea
ture and texture after masking the images, according to the
land use classification system by National Land Authority
and the present situation and distribution characteristics of
land use types. Theimageswere classified using Maximum
Likelihood of supervised classification method in ERDAS
9.2 (Leica Geosystems 2009). The database of |and usewas
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generated and stored in grid form after building spatial to-
pology, the 6 classes of land use cover were obtained:
cropland, forestland, grassland, water bodies, built-up land
and unused land. The accuracy assessment was tested by
monitored samplesfrom GPS survey.

Land use transition in contribution rate: In this paper,
Markov transition matrix for 18 years of timeinterval was
obtained using land cover databasein 1989 and 2007 though
MARKOV modulein IDRISI software, which could quan-
titatively describe the changes between different two peri-
ods of land use covers (Sang et al. 2011). Then, land use
transition contribution rate was generated to reveal mutual
trangition process and law between the different types(Zeng
et al. 2003), and to reflect the important differencesin cer-
tain types transition processes during the whole dynamic
transition change processin certain extent, which was cal-
culated asfollows:

|Ax - Ajt|
a oA

Where, i and j represent the land use typesin different
periods, t representsthe whol e transition time from starting
period to monitoring period,

Tijt = " 100% (1)

‘At - Ajt‘
represents the transition area fromj types to j types,

& || representsthe total transition areaduring studying pe-
riods, and Ty representsthe transition contribution rate.
Ecosystem estimate methods: The value coefficient pro-
posed by Costanza has been widely applied to estimate the
ecosystem service value (Costanza et al. 1998). However,
thereisalarger deviation in some data during the studying
process. Itsestimation of cropland istoo low while of wetland
isrelatively higher. According tothe Chinese present situa-
tion, referring to the Costanza’ sresearch, made the China’'s
terrestrial ecosystem servicevaluein unitarea(Tablel) (Xiao
et al. 2003, Xie et al. 2003, Xie et al. 2005). Taking into
account the current facts and associating with the ESV for-
mulaof Costanza, the ecosystem service val ue was adopted
to estimate the regional ecosystem services. The formula of
ESV isasfollows:

ESV =4 A~ VC, (2
ESV, = A’ VC, (3

Where, the ESV isthe ecosystem services value (RMB),
A representsareaof thek typesof land use (hm?), VC, isthe
value coefficient of ecosystem service (RMB/hm*a), ESV,
isthe single ecosystem service value (RMB) and VC, isits
coefficients (RMB/hm?-a).
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Table 1: Ecosystem service value unit area of main land-use categoriesin study region RMB/hm?.
Catalog Crop land Forest land Grassland Water body Unused land
Gasregulation 4424 3097.0 707.9 0 0
Climate regulation 7875 2389.1 796.4 407.0 0
Water conservation 530.9 28315 707.9 18033.2 26.5
Erosion control 1291.9 3450.9 17255 8.8 17.7
Waste disposal 1451.2 1159.2 1159.2 16086.6 8.8
Biodiversity 628.2 2884.6 964.5 2203.3 300.8
Food production 884.9 88.5 265.5 88.5 8.8
Raw material 885 2300.6 44.2 8.8 0
Table 2: Change in area of different land use types and their dynamic degrees.
Land ustypes 1989 2007 1989-2007
Arealkm? Proportion/% Arealkm? Proportion/% Change value/km? Change rate/%
Cropland 4591.86 65.58 4386.91 62.65 -204.95 -0.2480
Forestland 1071.15 15.30 1170.14 16.71 98.99 05134
Grassland 295.41 422 321.08 458 25.67 0.4828
Water body 177.97 254 277.08 3.96 99.11 3.0938
Built-up land 540.00 7.71 758.04 10.83 218.04 2.2432
Unused land 325.44 4.65 88.58 127 -236.86 -4.0434

RESULTS AND DISCUSSION

Land useanalyss: Theland usechangeanalysisresultsfrom
quantity and structure based on GIS software are given in
Table2. Obvioudly, theland use pattern remained dominated
by cropland, forestland and grassland during 1989-2007. The
sumtotal of their proportionsexceeded 80% of the total study
area, while the cropland, asthe matrix landscape, occurred
greatest proportion accounting for 65.58% and 62.65%, re-
spectively, followed by forest and built-up land. The other
types of land use were relatively small. Forestland, grass-
land, water bodies and built-up land took onincreasing trend
during 18 years. The built-up land showed the greatest
growth, and water bodies showed the greatest change range
accounting for 218.04 km?and 3.0938 %, respectively. Ow-
ing to the population growth, economic development and
urbani zati on process accel eration, lotsof cropland were con-
verted into built-up land, especially the implementation of
the economic policy for revitalizing northeast old industrial
base during 2001-2005. Theincrease of forest and grassland
wasresulted from theimplementation of the Grain-for-Green
Programme (GGP) by the government started in 1999. How-
ever, cropland, mainly including the abandoned land, was
converted into forestland in our survey. It indicated the hu-
man activities greatly affecting the regional land use types
because of the agricultural policy direction and ecological
reconstruction in some extent. Owing to the natural factor,
water body increased 99.11 km? from 177.97 km?in 1989 to
277.08 km?in 2007. While cropland and unused land showed

the same changes, taking on the decreasing trend, the un-
used land showed the greatest decrease, accounting for 236.86
km?2. The conversion from unused land to cropland and wa-
ter body was magjor transition trace, while unused land turn-
ing into cropland was due to the constant development of
society and economics. Thehuman activitiesgreatly extended
the disturbance for unused land, especially wetlands, then
changed land use structure and at the sametime deteriorated
regional eco-environment, eventually, making the ecol ogi-
cal systemtend to be fragility and sharpened the confliction
of natural environment. To agreat extent, the potential risk
will be accel erated between rapid expansion agricultural land
and land use types during theincreas ng scope and intensity
of human activities.

Ecosystem servicevalue changeanalysis: The ecosystem
servicevaue and itschange have been analysed in Table 3.
Thetotal ecosystem service valesincreased to 48.496 x 107
Y uan from 582.288 x 10" Yuan in 1989 to 630.884 x 107
Yuanin2007. Large amount of unused land has been trans-
formed to cropland and water body and lotsof cropland were
converted into forestland, water body and grassland. Those
trangtionsfrom lower to higher ecological val ue coefficient
were the main cause of itsincreasing, mainly dueto thein-
side agricultural policy adjustment and natural environment
change. Obvioudly, during the rapid urbanization process,
built-up land area increased much more than that of
forestland, grasdand and water body, but transition from
cropland to built-up land showed negative effects on the
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Table 3: Total ecosystem services value and its change for land use category from 1989 to 2007.

Land use type Ecosystem 1989 2007 1989-2007
services coefficient
(yuan/hm?.a) . .
ESV/107(yuan) Proportion/% ESV/107(yuan) Proportion/% Change
Cropland 6114.3 280.760 48.208 268.229 42516 -12.531
Forestland 19334 207.096 35.560 226.235 35.860 19.139
Grassland 6406.5 18.925 3.250 20.570 3.261 1.645
Water body 40676.4 72.392 12.430 112.706 17.865 40.314
Built-up land 371.4 2.006 0.344 2.815 0.446 0.810
Unused land 371.4 1.209 0.208 0.329 0.052 -0.880
Total 73274 582.388 100 630.884 100 48.496
Table 4: Major land use changes and their contribution to ecological environment change.
Transformation types ESV difference/ Contribute Transformation types ESV difference/ Contribution
10'/RMB rate/% 10'/RMB rate/%
Forestland ® cropland -14.9318 10.2426 Cropland ® forestland 27.6164 18.9437
Forestland ® grassland -1.7169 1.1778 Grassland ® forestland 1.6986 1.1651
Forestland ® water body -0.6907 0.4738 Water body® forestland 0.8621 0.5913
Forestland ® built-up land -2.3026 15795 Built-up land ® forestland 1.5909 1.0913
Forestland ® unusedland -0.2154 0.1477 Unused land® forestland 1.2783 0.8768
Cropland ® grassland 0.2506 0.1719 Grassland ® cropland -0.2098 0.1439
Cropland ® water body 21.5471 14.7804 Water body® cropland -9.5825 -6.5732
Cropland ® unused land -1.0597 0.7269 Unused land® cropland 9.4382 6.4742
Cropland ® built-up land -14.4089 9.8839 Built—up land® cropland 2.9484 2.0225
Unusedland ® water body 26.6959 18.3123 Water body® unusedland -6.7365 4.6210

whole ecosystem service values. It indicated that forestland
and water body played the very important role in positive
effects on the increasing regional ecosystem service value.
Forestland, grassand, water body and built-up land took on
increasing trend in ecosystem service value. Water body
showed the greatest growth, accounting for 40.314 x 107
Y uan, followed by forestland with 19.139 x 107 Y uan; built-
up land showed theleast growth, accounting for 0.810 x 107
Yuan. Cropland showed the greatest decrease, accounting
for 12.531 x 107 Yuan. It was clear that increasing area of
forestland, grassand and water body not only made up for
the ecosystem service val ue for decreasing area of cropland
and unused land, but made the net change results during
whole study period. From this study, we can see the changed
trend of whole ecosystem service values and its composite
with very higher ecological value coefficient remai ned unani-
mous.

Land use contribution analyss: Accordingtotheanalysis
resultsin the Table4, land use and their change took effects
differently with both increasing and decreasing on ecosys-
tem service value dueto LUCC. Those transitions with the
positive number of ESV differencesfrom in other types of
land useto inforestland, water body and grassland showing
positive function in ecosystem service and improving the
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eco-environment. Those worsening the eco-environment
werefromforestland, grassland and water body to cropland,
built-up land and others, showing the passive function for
ecosystem service value. The transition from cropland to
forestland showed the greatest contribution rate, accounting
for 18.9437%, with ESV difference of 121.484 x 107 uan.
Itindicated that thisregional land use tended to berationali-
zation and regional ecological environment improved gradu-
ally through the implementation of agricultural policy and
ecological reconstruction, followed by from unused land to
water body with ESV difference of 26.6959 x 107 Y uan,
owing to seasonal precipitation effects. The monsoon rain
increased water and inundated the unused land area, mainly
locating at the north region of Songhua river, especially
tidelands. Thetransition from cropland towater body showed
the third greatest contribution rate, accounting for 14.7804
%. When taking into account the ecosystem service value
decreasing, the trangtion from cropland to forestland showed
the greatest contribution rate, accounting for 10.2426 % and
reduced 14.9318 x 107 Y uan, under the double pressure of
society economics and human activities, especially driving
the s mple and short-term economical benefits, cropland rec-
lamation from deforestation seriously occurred in some re-
gions. The phenomenon of unreasonableland use style till
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remained. It seemed that we should enlarge great extent to
implement “Cropland to Forestland” project, followed by
the transition from cropland to built-up land, accounted for
9.8839 % and decreased 14.4089 x 107Y uan dueto the great
popul ation growth and urbani zation process accel erationin
recent years. The remarkable popul ation growth resulted in
the increasing pressure on cropland for housing, business
premisesand public servicesand facilities, and then directly
expanded the contradiction between grain safety question
and urban expansion. Generally, the decrease of cropland
and increase of built-up areaaffected regional eco-environ-
ment negatively, whiletheincrease of forestland, grassiand
and water body improved the eco-environment and its eco-
system servicevalues.

CONCLUSIONS

1. During thewhole studying period, the area of forestland,
grassland, water body and built-up land showed different
extentsinincreasing, built-up land occurred with thegreat-
est growth form 540 km?2in 1989 to 758.04 km? in 2007,
while the area of cropland and unused land took on con-
stantly decrease, unused land occurred the greatest de-
crease, accounting for 236.86 km?, water body occurred
with the greatest change rate while cropland occurred the
least.

2. The ecosystem service value from 1989 to 2007, quanti-
tative analysed through studying regional LUCC, in-
creased form 582.388 x 107 Y uan to 630.884 x 107 Yuan,
reveal ed that thetranstion from one type of land usewith
lower ecological value coefficient to another type of land
usewith higher ecological value coefficients, which was
the main cause of itsincreasing, whilethetransition from
cropland to forestland occurred with the greatest positive
contribution rate, accounted for 18.9437 %, followed by
from unused land to water body. The conversion from
cropland to forestland land showed the greatest negative
contribution rate, followed by cropland to built-up land.

3. Theincrease of built-up land affected ecol ogical environ-
ment negatively, whiletheincrease of forestland and water
body improved the ecological environment and service
values. Thoseimprovingthe ecological environment were
from other types of land use to forest, grassland and wa-
ter body, while those worsening the ecological environ-
ment were from forest and grasdand to cropland and built-
up land.
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