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Abstract ; In recent decades, urban areas in China have been rapidly increasing. This urban area expansion has caused land
use changes, which have enormous influences on regional ecosystems. The potential environmental problems caused by
urban expansion have attracted extensive attention from researchers. Net primary productivity ( NPP) is the amount of solar
energy converted to chemical energy through the process of photosynthesis. NPP loss may affect the composition of the
atmosphere , fresh water availability, biodiversity, and the ecological adjusting mechanism of energy supply and distribution.
Moreover, NPP is also an important ecosystem productivity indicator. Hence, studying the impact of land use changes,
caused by urban expansion, on NPP is crucial to understanding ecosystem structure and function changes. In recent years,
Shenyang Metropolitan Area has experienced rapid economic growth and industrial development under the guidance of the
central government policy and local government strategy. As a result, urban area expansion of Shenyang Metropolitan Area
has also accelerated, resulting in significant land use changes. The 10 years from 2000 to 2010 were representative of the
process of Shenyang Metropolitan Area’s urban expansion. This study analyzed land use changes with Shenyang Metropolitan
Area from 2000 to 2010. Six categories of land use types were interpreted from Landsat TM/ETM remote sensing images :

forestland, farmland, urban area, grassland, wetland, and bare land. NPP changes in the study area were estimated
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through the CASA model. The spatial and temporal dynamics of NPP were studied in regional and land use categorical
scales. There is little prior research investigating this change trajectory of NPP under different land-use conversion types.
The change of NPP caused by urban expansion of Shenyang Metropolitan Area was analyzed. The results showed: (1)
Farmland, forestland, and urban areas were the main land use types within the study area. Rapid urban expansion and loss
of farmland were the predominant land use changes. While the area of forestland decreased, grassland, wetland, and bare
land area changed only slightly. The demand for land for urban construction was greater in 2005—2010 than the demand in
2000—2005; (2) The NPP of the study area decreased, and changed greatly both in spatial and temporal scales. The NPP
decreased more rapidly in 2000—2005 than it did in 2005—2010. The NPP decreased in all of Shenyang Metropolitan
Area, except for Fuxin City. The highest values of NPP reduction were in the eastern part of Shenyang Metropolitan Area
and the lowest values were located in the northwest region of Shenyang Metropolitan Area; (3) The mean NPP in the six
land use types declined. Forestland declined most rapidly and the conversion of farmland to urban area had the largest
annual NPP loss. From 2000 to 2005, annual NPP loss from the conversion of farmland to urban area was 21886.68 tons/
year. However, from 2005 to 2010, NPP declined to 7003.61 tons/year from the conversion of farmland to urban area. NPP
loss was relatively high in the following conversion modes: forestland-farmland, forestland-urban area, and farmland-
wetland. However, increases in NPP were observed in the conversions of wetland-grassland, wetland-bare land, and bare

land-grassland.

Key Words: LUCC; NPP; Shenyang Metropolitan Area
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Fig. 2 Land use map of Shenyang Metropolitan Area in 2002,2007 and 2011
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Table 1 Land use transition metric in Shenyang Metropolitan Area
AEfy A 2 it B T e H b it
Year Land use type Forest Grassland Wetland Farmland Urban area Bare land
2000—2005 b 31911 0.09 0.35 25.19 17.9 0.41
Hl 0.4 793.53 0.01 0.02 0.02 0
i 1.18 0.01 1810.99 13.55 8.65 0.41
A H 18.88 5.96 6.01 34887.29 337.16 2.03
W 0.03 0.01 0.01 0.08 5116.13 0.03
it 0.03 0 0.27 0.37 0.72 126.69
2005—2010 b S 31903.97 0.02 2.78 21.43 3.29 0.06
L 1.57 797.96 0 0.01 0.06 0
piTs: 0.77 2.38 1758.94 11.96 67.86 4.99
A H 15.4 35.34 31.9 34056.76 736.9 19.09
W 0.79 1.11 0.82 1.95 5475.6 0.4
b 0.1 2.98 1.39 0.44 2.08 122.88
2000—2010 b 31883.82 0.06 3.12 45.42 22.04 0.47
b 1.94 791.94 0.01 0.02 0.08 0
Tt 1.88 2.25 1724.84 24.82 75.79 5.22
A H 34 41.45 36.54 34019.88 1073.88 20.95
bl 0.8 1.11 0.82 1.7 5111.43 0.42
it 0.13 2.97 1.73 0.72 2.48 120.03
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Fig. 4 Land use transition map in Shenyang Metropolitan Area from 2000 to 2010
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=y TN 5 Wl City 2000—2005 2005—2010 2000—2010

FEAELREIRIR T NPP 1 Jy 5T 1875.4 ¢/ Al -240.35 66.50 ~173.85

H T2 K i A NPP R A R 4 B - s Cison s
2000 4F NPP 5315 [l J 2 2005 4F- 53415 4], 2005 4798 2 AR ~518.22 -65.94 ~584.16
2010 42000 4FJ8 2 2010 4, AR TTSE 1T NPP B ~115.24 -545.82 _661.06
AL 2{E (3R 2) 2000 4F 2 2005 4F A [A]BR T B8 ALK -365.96 -50.87 -416.82
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Table 3 NPP statistical features in different cities

2000 4F 2005 4 2010 4
BRI City  BUME oK PR BUME BORE PIfebREE BUME O RORM PHfetnifs
Minimum ~ Maximum Mean:Std Minimum ~ Maximum Mean:Std Minimum ~ Maximum Mean:Std

TEBA 0 4636 2213.37+473.22 56 4060 1973.02+365.64 1 4385 2039.52+397.07
E7ll 5 5406 3444.14£595.24 71 4411 2848.72+574.19 1 4633 2740.65+474.75
EISES 106 5074 3462.41£581.77 45 4496 2944.19£599.08 51 4481 2878.25:483.13
== 0 4614 2957+975.59 0 5032 2841.76+998.92 0 3969 2295.95+775.72
LB 42 5130 3015.17+779.96 21 4641 2649.21+753.94 33 4718 2598.34+608.42
Bl 0 4942 2725.38+634.24 0 4485 2290.53+642.49 7 4606 2415.49+504.59
B 0 4660 1844.71+499.97 89 4429 2025.93+368.25 7 3894 1875.4+339.79
# il 120 5164 2870.74£610.59 140 4823 2506.68+598.83 64 4676 2388.45+499.68

http ; //www.ecologica.cn



8 A E = 35 %

2.3 JLPHZTE X 4 MR A LT NPP 9 5210
2.3.1 R[] LA SR NPP A2 AL ARFE

WIS G RYAE T (WFE 4) ,2000 4E L B2 55 X NPP (i 5 Rl 2t 280 2 bk b, oy 3383.58 g/m” ; NPP
PIE I/ N P b 2SR 2 M, O 1770.94 ¢/m®, 2005 4F & 2010 4, MRHLE) NPP ¥{EATS R 5 K, WM i) NPP
BHEAS /N, fE 2000 4F 2 2010 4F (8], B 45 FH 28 80 ) 735 NPP ABAE Bk /b, o R e 9 S bk, A
3383.5 8 g/m’[E %] 2806.51 g/m’ , FEK T 17.06% ; U I& B FEMR 15.29% , 5% = A 3l B FH 1, B IR 11.34%
b AR T AR A B 53N 8.43 %,9.62 % ,6.82 %,

R4 TEAMERE NPP EHE(gy/m?)
Table 4 The mean NPP of different land use patterns

+ I FHZEHS Land use type 2000 4 2005 4 2010 4F
Mt Forest 3383.58 2994.99 2806.51
il Grassland 2820.98 2486.31 2389.52
B4 Wetland 1770.94 1531.20 1621.62
A¢H Farmland 2364.86 2096.23 2137.44
IAH Urban area 1952.22 1780.24 1730.82
#Hth Bare land 1990.34 1774.38 1854.51

2.3.2 A HRAEFEALT NPP B4k 54T
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Table 5 NPP loss and gain matrix of different land use conversion types

LAy MR 2SR bS] i T A H W i
Year Land use type Forest Grassland Wetland Farmland Urban area Bare land

2000—2005 b * -7.96 -14.68 -982.77 -904.06 -55.10
EiH 17.97 * -0.51 0.13 -0.74 *
B -113.94 0.78 * -1077.46 -736.34 -10.32
bl -851.45 -52.34 -888.38 * -21886.68 -71.58
B 0.23 0.37 -0.52 -2.46 * -1.12
R -5.68 * -5.51 -8.59 -13.57 *

2005—2010 it * 0.00 98.63 -730.19 -199.86 5.30
T -34.39 * -0.10 -0.63 0.49 *
fis: -5.25 146.59 # 56.79 339.02 61.66
A& H -441.70 648.01 23.10 * -7003.61 -295.73
pg -83.07 15.81 -4.77 -101.92 * -18.18
i -0.40 185.02 -26.35 6.09 -39.04 *

2000—2010 i * -5.55 -212.27 -3634.39 ~2800.76 -85.48
b -218.80 * -0.27 -1.63 -4.65 *
pLTSi -114.58 38.41 * -1307.91 -408.41 106.14
A H -1481.80 -1760.07 -2086.04 * -87169.76 -365.30
W -71.97 -70.32 -36.87 -145.05 * -26.73
it -3.90 51.74 19.82 25.88 -126.04 *

b =" FORZEAC T AT NPP D RARFR %5607 30T NPP 8§, « « " FoR A %07 T ik
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Fig. 6 Annual NPP loss and gain in different years under different land use conversion types
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