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Spatial and temporal variations in ecosystems in the three northern regions of
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Abstract; This study analyzed the ecosystem macrostructure, quality, and key services and their driving forces in the three
northern regions (northeastern, northwestern, and northern) of China, in the first 10 years of the 21" Century. The results
showed that (1) during 2000—2010, forestland area increased by 10,300 km”; grassland decreased by 900 km”; wetland
area decreased by 33.9 km’; farmland increased by 1,900 km®; artificial coverage increased by 12,400 km®; and other
ecosystems decreased by 23,700 km® in the three northern regions. (2) The normalized difference vegetation index
(NDVI) , leaf area index (LAI), and aboveground vegetation productivity in these regions increased slightly over the past
10 years, especially in the Loess Hilly Region. However, the vegetation coverage decreased slightly. (3) The soil erosion
modulus per unit area decreased by 27.25% in the three northern regions, with an annual reducing rate of 1.13 t/ha. The
amount of sand—fixing services was low because the force of wind erosion decreased annually, suggesting that a reduced
force in wind erosion decreases the amount of soil erosion. In soil water erosion zones of the three northern regions, the soil
water erosion modulus showed a slight increasing trend in the past 10 years, whereas the modulus in the Loess Plateau and

sand areas showed decreasing trends. The amount of ecosystem soil conservation service per unit area showed an increasing

EETH .+ =7 B RIS (2013BAC0O3B04 ) |, 4 [ A A FREE +4F (2000—2010 4F ) AR fhi2 IR A 7 5 1744 0 H % 8 ( STSN- 14-00)
¥ fE B #9:2014-08-28; f&1T H #7:2015-06-01
# MINAESH Corresponding author.E-mail : huanglin@ igsnrr.ac.cn

http ://www.ecologica.cn



2 S % 36 &

trend, with an annual increasing rate of 0.28 t/ha, indicating improved soil conservation capacity. (4) The temperature
increased by 0.02°C/year, and precipitation increased by 3.00 mm/y in the past 10 years in the three northern regions, and
the moderate warming and increased precipitation were useful for vegetation recovery. The human disturbance index showed
decreasing trends in Loess Plateau and in the agricultural areas of Northeast and North Plain, indicating that the effect of

human disturbances on natural ecosystems has been suppressed in these two regions.

Key Words: the three northern regions; ecosystem; spatial and temporal patterns; variations in the last 10 years;

remote sensing
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Table 2 The ecosystem area of the Three Northern Region in 2000, 2005 and 2010

FEy giitEds bS] Fith 1 Hhitb PN i} He
Year Statistical index Forestland Grassland Wetland Farmland Artificial coverage Others
2000 MRY (J7 km?) 57.6 102.2 11.8 70.25 5.8 198.6

Ll % 22.9 2.6 15.8 1.3 44.5 12.9
2005 ALY (7 km?) 58.21 102.56 11.71 70.5 6.31 197.24

Ll % 22.9 2.6 15.8 1.6 44.0 13.1
2010 R/ (J7 km?) 58.6 102.1 11.8 70.47 7.0 196.2

Ll % 23.0 2.6 15.7 1.4 44.2 13.0

F3 2000—2010 F =L X £ B RGHB R/ km?
Table 3 The ecosystem transformation of the Three Northern Region during 2000—2010

Fm s} i b, 124 Bt NI HeE
Type Forestland Grassland Wetland Farmland Artificial coverage Others
FhH Forestland 575126.9 1501.4 193.0 2562.7 172.0 9.5
Wi Grassland 6462.5 1013740.5 180.5 940.9 398.7 149.9
FEHL Wetland 198.8 438.7 115699.4 3272.6 281.5 224.1
#HEHb Farmland 4547.6 4561.5 1773.5 697559.0 4781.4 242.1
N TR Artificial 16.9 54.8 13.9 47.1 64184.9 4.3
HE Others 86.6 292.4 199.1 385.9 162.4 1961617.6

2.2 At XA ARG BRI S AR
2000—2010 4E, =t HIX NDVI SF-II{E 2] 0.39, s id S P s e (8 2, % 4) AR nE 2% 0.008 ,
TR T 1 R R VAR IX AR N 0.077 AN 52 PR TR R B0 s D A AL X 2 A R e KA B
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Fig.1 The distribution map of ecosystem in 2010
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A K TRV i BE B A S SEINHA 0.611%/4F . ZAEF-IAERE LAT 2970 1.13 358 10 4F SR 2 B 5553 fin
REH BN R F 0.009/4F , B B A 5 R BE 8 B X AR U AL JRUR IX, 4F 38 038 R 43 51 4 0.041 F11 0.
024, T 10 4F, =JbHBIX ZAEF-Hb AR 7= )18 236.65 gC/m’.a, SRS PRI hka 3 A48 8l 1.3450C/
m? B A g XA U A 8.828gC/m’

R4 2000—2010 EZALMRESRERESBEHERE TSI
Table 4 The ecosystem quality parameters and its trends of the study area during 2000—2010

SSONKITE . e
NDVI Maximum vegetation LAI #E%}iélif':jj .
Vegetation production
X4 Zone coverage
g A 1 AL 1y AL F A
Mean Trend Mean Trend Mean Trend Mean Trend
ZIN
AAAIEX
Northeast and North China 0.87 0.002 89.94 -0.196 4.07 0.024 604.64 0.725
XD X
J_L.{/ o 0.54 0.009 52.63 -0.168 1.37 0.01 300.50 1.534
Windy sandy area
# X
HEFRRE 0.62 0.077 61.02 0.611 1.57 0.041 452.24 8.828
Loess Plateau
e 1o
PIALSRX 0.20 0.002 15.81 -0.078 0.26 0.002 94.90 0.555
Northwest desert area
A1t Total 0.39 0.008 37.66 -0.07 1.13 0.009 236.65 1.345

* %{ﬁ:%*ﬂ%/y; * % ﬁﬁi;g(}/m?a
2.3 AL IX AR R G HE R 55 M H AR AR
2.3.1 ARG NIE RS M AR R
2000—2010 4F |, = At Hb DX XUl [X 22 4FSF 447 2457 T AR 3 XU AR 80Ch 20.69 vhm? (36 5, & 3) , Hirh gL
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Fig.2 The trends of NDVI, vegetation coverage, LAI and production of the study area, 2000—2010
£S5 2000—2010 F =X BIRED 5 LERFREER AT NG
Table 5 The ecosystem services of the Three Northern Region in 2000—2010
, N ; N e B A 3
. - 7 TRIAR B XU D iR 55 12 (o7 T AR - K o
gy IR R R SRR BRAFIRS it
R . Sand fixation service Soil water erosion K K
Wind erosion modulus . . Soil conservation
) P per unit/ modulus per unit/ . .
X4 Zone per unit(t hm™ a™") P oo service per unit/
(thm™a™") (thm™~a') P
(thm™a™)
Mean Trend Mean Trend Mean Trend Mean Trend
ARAbgedbx
Northeast and North China 2.01 0.20 28.95 2.92 2.73 0.15 8.70 0.39
XD X
J_L_{/E 13.11 -1.04 53.31 -4.04 5.79 -0.09 10.48 0.24
Windy sandy area
R X
b R 1.07 -0.06 6.06 -0.17 31.23 -1.93 54.76 1.23
Loess Plateau
e 1
PRALREBRX 30.71 -1.52 26.93 -1.47 11.82 0.37 9.30 0.16
Northwest desert area
A1 Total 20.69 -1.13 32.17 -2.20 10.37 0.08 12.31 0.28

WX R, 29 30.71 v/hm?, 85 4 5 R e B A 88 X ZR Jb ARG SRR X eI, 43312920 1.07 F12.01 v/hm?,
10 45, 4 DXL A TP A 498 XU 5 450 22 20 i B /D RO R AR 1013 vhm? AR KU BT [ T
25.25% , HorhsiE i W P LT BIX . HON P &85 S 4 DX | SR A 2 b 55 0] 2 BB W Hg a4, =
U X AR 42 25 R G KU V0 IR 55 2R 32.17 t/hm?® , Hoip XD X i, 24 53.310/hm? | 8+ 5 J e s A 8%
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Fig.3 The ecosystem wind erosion modulus and volumes of wind prevention and sand fixation in the Three Northern Region in 2000—2010

XA, 204 6.06 t/hm®, SR, 3T 10 4F 42 DA -2 B A& 10 il 55 0 D) 22 B0 09 3555 e 4, 3 5 XUt 8 4 0 55
VEE LKL ) W R WA G S50l 0 w3 Wt = S T A s A DO WA B (E B IR N
B2 A R G B KU VD A 55 BE 1 ZEREAIR , A3 7 76 AUk 7 08/ N A 60 T, = 38 7 34 110 AUk 2t A )3
232 AEBRG RIS LA

2000—2010 4F, =t HB X K fil [X Z24FF- 35 - 3K 4R 10.37 v/hm’ (36 4,8 4) , Hodp i 4 )5 b i)
BUX A, 29 31.23 vVhm?  RIGAEIET AR DRI R IX S A1, 43312920 2.73 F115.79 vhm® 3T 10 4F, 22X 43
KRR R A S B B ik A AR R N R 0.08 t/hm? T 85 g 5 X AR X ) - $3EK e A 5 ) 2 B
FRARAE S A R 8 R R X AR08 1,93 vhm® . =B XK ih X 2438 - AR HE IR 55 1 12,31 v/hm?,
Ho 4 5 e BR VA B X i, 24 54.76 t/hm® , ZRIGARIL T B AR DR PG A6 i B8 X d5efIK, 294 8.7 #19.3 t/hm?,
10 4F A AR A S R G H IR R IR O i S IR R F AR T 0.28 v/hm?® |, JH A B A s T DXCAR 1 s 2]
1.23 t/hm’,
2.4 At XA RS AR IR Sl 1 53 A

2000—2010 4F, =t i XA DAG IR 3 AR B R A RPR R 0.02°C/4F R A2 P LT Bix AR
K DA IR T BAERER R 3.00mm/ 4 R AR ICAEA P AR X (B 5,38 5) o 3 BERGIR (/K &5
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Fig.4 The ecosystem water erosion modulus and volumes of soil conservation in the Three Northern Region in 2000—2010
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Table 6 The driving forces of ecosystem dynamics in the Three Northern Region in 2000—2010

NS #E%L Human disturbance index S Temperature [%7K i Precipitation
X4 Zone P i 5
2000 2010 2Lkt ZAEEH X’Ifjﬁ% IR l'lfjﬁ/;é\
Change Mean(C) o Mean/mm 5
ZrAt4EdL X Northeast and North China 0.612 0.461 -0.151 3.39 0.01 564.81 10.89
RIP X Windy sandy area 0.104 0.413 0.309 4.89 0.001 328.15 3.75
# - #JE X Loess Plateau 0.471 0.466 -0.005 7.84 0.01 491.65 0.29
PEALFEBLX Northwest desert area 0.333 0.340 0.007 5.27 0.03 174.05 1.06
A1t Total 0.400 0.403 0.003 5.09 0.02 284.63 3.00
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Fig.5 The distribution map of temperature and precipitation variation in the Three Northern Region in 2000—2010
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Fig.6 The human disturbances index and its change in the Three Northern Region in 2000—2010
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