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Impact of topography on the spatial distribution pattern of net primary productivity

in a meadow
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2 Institute of Ecology, Chinese Research Academy Environmental Science, Beijing 100875, China

Abstract: Net primary productivity (NPP) of grassland plays an important role in terrestrial ecosystems, and its spatial
heterogeneous traits have significant influence upon regional carbon cycle, grazing capacity, soil erosion, and ecosystem
safety assessment. How topography, one of significant environmental factors, affects grassland productivity is not well
addressed in the remote sensing of grassland ecosystems. This paper selected a protected meadow of the National Natural
Reserve of Huihe wetland, used USGS EOS-MODIS/Terra NDVI data and GLCF DEM data, and adopted spatial analysis
function of ARCGIS to analyze the NPP distribution pattern form 2000 to 2012 in Hulunbuir meadow based on the ground
spectrum biomass model, topographical controlling factors, and yearly precipitation classification. The results showed that
the ground spectrum biomass model can be used to assess meadow productivity, and the most suitable model is y =
15.968¢™**(Sig = 0.000) for predicting Hulunbuir meadow productivity in regional scale ( where y and x represent
productivity and NDVI, respectively ). Simulated results confirmed that topography had a remarkable impact on meadow
productivity distribution pattern. Consequently, among three topographical factors of altitude, slope and aspect, altitude

gave rise to the most significant changes, the effect of the slope was intermediate, and the aspect played a minimal effect.
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Firstly, under the conditions of the slope of 0—2 degrees and aspect of NE, NPP increased 0.478 g/m’ per meter rising of
elevation in normal yearly precipitation level ; 0.414 g/m’ in lower yearly precipitation level ; 0.482 g/m” in moderate yearly
precipitation level; and 0.525 g¢/m’ in higher yearly precipitation level, respectively. Secondly, under the conditions of
altitude of 760—780 m and aspect of NE, the meadow productivity decreased 0.142 g/m” per degree increase of slope in the
normal yearly precipitation level, and decreased 0.161 g/m” in the lower yearly precipitation level, 0.135 g/m” in the
moderate yearly precipitation level, 0.133 g¢/m’ in the higher yearly precipitation level, respectively. Thirdly, under the
conditions of the altitude of 760—780 m and the slope of 0—2 degrees, the highest NPP (184.6 g¢/m”) occurred on the N
aspect and the lowest NPP (173.3 ¢/m’) on the W aspect, respectively. The NPP was lower on the SW aspect in the lower
yearly precipitation level and on the W aspect in the moderate yearly precipitation level. By contrast, lower NPP occupied
on the SE aspect in the higher yearly precipitation level. According to NPP distribution area, the topographical factors had
higher (lower) effect on NPP of the meadow than soil heterogeneity ( grassland type) on spatial scale. The trend of this
effect did not vary across years with various NPP but differed in effect degree, being higher in the years with

intermediate NPP.

Key Words; DEM; ground spectrum biomass model ; regression analysis
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Table 1 Area distribution of different topographical factors

4K/ m T F/hm? 1t/ % YR/ (°) T F/hm? L/ % ! T/ hm? L/ %

Elevation Area Ratio Slope Area Ratio Aspect Area Ratio
680 61.1 0.23 0 329.0 1.24 FLAT 1251.3 4.72
700 506.6 1.91 2 12800.6 48.28 N 2336.5 8.81
720 1352.3 5.10 4 9478.0 35.75 NE 4580.8 17.28
740 2947.8 11.12 6 2777.1 10.47 E 3450.7 13.02
760 5605.6 21.14 8 814.1 3.07 SE 3487.7 13.16
780 6348.6 23.95 10 229.4 0.87 S 3084.7 11.64
800 5466.5 20.62 12 63.1 0.24 SwW 2908.5 10.97
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Table 2 Analysis on the Errors of the regression equations for elevation and NPP

He 7= 1K YN BUK &g B
Productivity level Totality Lower Moderate Higher

B Model y = 0.4776x — 186.97  y = 0.4142x — 190.03  y = 0.4822x - 199.31 y = 0.5247x — 174.65
REA%L Sample number 13 13 13 13

e KiR2% Maximum error 0.168 0.370 0.202 0.086
#/MEZE Minimum error 0.007 0.005 0.020 0.008
F-H4JiR % Average error 0.044 0.080 0.050 0.031

FrifE2% Standard deviation 9.32 11.09 10.06 8.07
THIPKS BE Prediction accuracy 95.59% 92.00% 94.96% 96.94%

#3730 96.7.93.0.99.6.199.3 g/m*) , BEHIS R AR AL XS A= 7 03 Y SE I BN TR R B AR 3 AT LA L TR
AN A 72 J3 7K AR SR R 5 A 7 g R e g ] DA 2 FUDRS BE R AE 93 % LA L (TP AR4EARERAD) o X R WITE
BRI b SRR 10, A2 I3 - 1.42¢/ m? s TERLARAKCEAE 0 BRI 1°, 227 Ty g —-1.61g/m?;
TEH KPRy R BE G I 10, A2 7 JI N = 1.35g/m” ; 1258w /K F AR 03, SERE B34 10, 22 7 J1 38
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-1.33g/m’,
*3 WESEFNGERBENRESN
Table 3 Analysis on the Errors of the regression equations for aspect and NPP

Az 7= 17K PEYEN EiS &g B
Productivity level Totality Lower Moderate Higher
LI Model y=-1.4236x+190.91 y=-1.6126x+136.72 y=-1.3548x+183.3 y=-1.3273x+240.35
FEA %L Sample number 13 13 13 13
F KR 2% Maximum error 0.057 0.083 0.371 0.189
Fe/NR2E Minimum error 0.010 0.011 0.062 0.006
SRR Average error 0.032 0.041 0.194 0.069
FRifE2 Standard deviation 1.772 1.593 3.22 2.132
THIAS E Prediction accuracy/% 96.83 95.90 80.59 93.07

I ) 6 A 7 S SR AN RIS ] Z AR 26 5 (1 8) o ISR A 7 T /K40 i A8 AL IR R B, TE
SR B AEFE I AREAE 173.3 ¢/m*(SW) #] 184.8 ¢/m*(N) Z 0], M122 11.5 o/m’ ; FERK K, ZEALAE 124.4 o/
m’(SW) £ 131.7 g/m*(N) ,#H2% 7.3 ¢/m’ ; FEH 5 7KF B0 TE 164.5 ¢/m* (W) #] 177.5 g/m*(N) ,#H2 13.0
o/m” TR K, AR TE 222.1 g/m?(SE) 3 233.2 ¢/m*(N) , 412 12.1 g/m*. BLA A 77 ) 728 Ak e 2 75 T 4K
PR R RN e A B R SR AR TR i B 0 7 O AR R A, B BRI 1) AR AR N S R T
Yemm, [FEE MORRA P2 1K AR AR AGE R 76 K B S R AR IR, BEIIER & (BUIR) AR ™
FIAEAY | FAm) B A P ) A A R R YAk, B R A P AR IR AR, Wi R S A PR ARy A R T A )
SEFAL , R AR IR

RO R SRR ) 5 AR I RIOCFR AT LU TR X A 7 0 B 43 AT R R A S R SR VA R
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