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Vegetation carbon sequestration in the Loess Plateau under the synergistic effects

of land cover change and elevations

ZHANG Youming', LANG Mengfan', LIU Mengyun', XIE Baoni*, CHANG Qingrui"*
1 College of Natural Resources and Environment, Northwest Agriculture and Forestry University, Yangling 712100, China
2 School of Land Science and Space Planning, Hebei GEO University, Shijiazhuang 050031, China

Abstract: Global carbon sequestration and release has been a hotspot issue concerning people’s livelihood in recent years.
The importance of regional carbon sequestration and release to the ecological environment was self-evident. It is of great
theoretical and practical significance to use remote sensing data and appropriate estimation model to quantitatively estimate
NPP ( Net Primary Productivity) and analyze spatio-temporal pattern of vegetation carbon sequestration and carbon release
in the Loess Plateau. Based on the CASA ( Carnegie Ames Stanford Approach) model, this paper estimated the annual
change of the NPP on the loess plateau from 1990 to 2015, and analyzed the comprehensive effects in the process of Land
Use/Land Cover Change (LUCC) , elevations and their synergistic effects. Tt found that; (1) vegetation NPP and carbon
sequestration showed an increasing trend in the Loess Plateau from 1990 to 2015. The annual average growth rate of NPP
was 2.74 ¢C m™> a”' and the annual average growth rate of carbon sequestration was 1.13 TgC/a. The average annual NPP
(619.5 gC m™ a™") of forest land in the study area was much higher than that of other land types, which was an ideal
means of carbon sequestration. (2) The annual mean NPP of the Loess Plateau increased year by year, but the annual mean

annual NPP decreased first and then increased with the increase of elevation, while the annual total NPP and carbon
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sequestration showed opposite trends with the increase of elevation. (3) In the study area, conversion of cropland to forest
contributed the most to vegetation carbon sequestration among all land use changes types, meanwhile, the conversion of
forest into cropland or grassland could not achieve carbon sequestration. In addition, it is recommended to convert grassland
to cropland when the elevation is lower than 1500 m, return cropland to grassland when the elevation is higher than 1500
m, and convert cropland and grassland to forest when the elevation is higher than 3000 m in the study area. The study
focuses on the effect of carbon sequestration under the synergistic effect of land use change and elevations. It is concluded
that the development and utilization of land in the study area leads to the increase of carbon sequestration, while the
ecological return of land leads to the increase of carbon sequestration; Moreover, it is more suitable to convert cropland to
forest at low and high altitude regions than at middle altitude in the study area, in order to provide reference and guidance

for the ecological environment in the regional scale.

Key Words: net primary productivity; land use change; elevations; synergistic effect
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XA A5 2R G0 B0 R A G 0, AR AR AR K TR R R A Bl s R S D T R B T O T A A
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Fig.1 The Geographical location map of the Loess Plateau
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SR NDVI L SR 1R (R ML ST 80 y R ABEAE 0.4—0.7 m W I TP
REA B B A BB 3000 M 2 40, 7S SC 308y S50 0.5 4 L HE K S, 4 7, e,
0 TaCe, ) W, Ce, o) BVFATREIE H SRR RS L (TR IS | B RO RER)
FIE &, ZHORIR SRR

F1 BIERELER
Table 1 Summary of the data sets used in this study

PGS s ] Gy B P37
Data set Period Resolution Source
T A 1990 { k. v ) 2 I B VR PR R R A PO BRI Y
Land use [ A i A FEDIR 150 12 S8 W BSCHE 22 (ttp < // www.resde.en)
ESA GlobCover
20002015 300 m Wi as Jay -+ b http://www.esa.int/)
H— AR R GIMMS AVHRR NDVI
1990,2000 8 km . N | .
NDVI I E P I S S A R B T http : //westdc. westgis.ac.cn )
MODIS NDVI
2015 I km MYD13A3 Version 6( https://Ipdaac.usgs.gov)
| S 1990—2015 - VAR SERR ] STV PN P Y b )
Meteorological Data 1H—12 A FES S E5 BT (https ://data.cma.cn/)
e B . ST B
Elevation (http://westdc. westgis.ac.cn/)

222 B FEBRAGE
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223 AHCHEST

(X X) (Y, -Y)
Cor = (3)
JE (X, -X)’ 2 (Y, -Y)°

A, Cor MAHKREL, X |V 0 XY BOXE MR RECR AT -1,1] Z 8], HAgaHE K, RAEE X 545
Y AR DG R 5 i 22 AT

3 ZBREHS

3.1 R S AR R AE

MK R, 0 g SR b 2 5 DA R b AR 32, 4000 o ST 37.34% .36.54% F1 22.75% , oAy
=2 EVET AR 3.37% . 1990—2015 4 3 - 55 i (1) 4% HH TR AR AE Bsf (1] RUBE b i Z00a /b | AR bR 2 3 K| Rt
SR B 5 A /D VR AR FH M 5 R a3 AR TN R M A R ) R B 4 s () R [ S AR b -7
R SR R A, - ORI 2R I ZR R 1) PG UK R bl e BBl AR FH s, S S M K AR R B A A 7 ﬂﬂﬁ
JEE (L 2) o 3F 30 4ER A FHHUE /D 8890 km?, Hirft 69.89% 44k Mk B dth , 1225678 = B AR AE 5T IX AL
[ RUBE A 4% Fh AR R 0 ) VY G 7 55 , FLrboMCHb T AR i 115191 km® 340 173% , vk, 4« H i FHI8 D 68036
km® , B 25% , A< F1 3t | o 1 1 B8R 0 51981 18% , i BH % 4 1 RO s S R AR (L B (g, HL ARk B2 5
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Fig.2 The spatial distribution of landuse and NPP from 1990 to 2015 in the Loess Plateau
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FIFIA MG BB () S 35 VI AH 6 52015 48 AE 9L 36 1922 LT 45 80 NPP | =475 2 Ak HE (119.3 TeC) (AR H
(112.9 TgC) FIF ML (71.8 TgC) , HEMR I 4E3 NPP @ {f X & AEMHD R b A A 4% 50 A1 X, H NPP 803 5
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£2 HIHFE1900—2015 F+F AHRXBEBER
Table 2 The transfer matrix of land use type in the loess plateau from 1900 to 2015
2015

1990 4 &t
g b i E—E%fﬁfﬁm /kﬁs A Total in 1990
Cropland Forest Glassland Settlement Water Unused
1990 7 [1/km? 202503.0 60463.3 9315.3 1904.5 156.3 8.6 274351
Mt/ km? 374.4 65945.7 146.8 28.3 0.9 — 66496
HiHh/km? 3272.3 54738.8 199697.8 3996.1 268.8 71.3 262051
JERAEF A/ km? - 97.0 76.4 1611.7 3.4 — 1789
KA/ km? 4.3 145.1 139.1 323.7 900.7 11.2 1524
A F 1/ kem? 161.4 297.1 5912.6 657.7 1958.5 8605.2 17593
2015 4E i it/km? 206315 181687 215288 8522 3289 8702 623803
T ARk km? -68036 115191 -46763 6733 1764 -8890
AALFEIE/ % -25 173 -18 376 116 -51

3.2.2 A[EHFRE BT NPP 28284k

WA = JFAR Y NPP B s R BN Se R AR5 T, 45 AL NPP U B s R AR A B 38 S (R 4) . 3T 30 4FEIF5E
XTE 1 E 6 HiFEmn g R4 NPP 4054 :582.49 ¢C m™ a™' 533.89 ¢C m™ a™' .385.92 ¢C m™ a™' ,399.63
gCm?a' 451.80 gC m™? a ' F1573.07 gC m™* a™', 4F 4 NPP 4344 16.50 TgC 41.80 TgC . 124.21 TgC 47.83
TgC .25.10 TgC LK 11.51 TgC,
3.3 LRI AR ST NPP A [ B A 52 0

1990—2000 4F 8 - =25 J5¢ - i F) 28 AL TR AR 125940 km? , (5 BFFE X I AR 20.19% ,NPP i1 6.02 TeC , 4
B R 1.79 TgC, 1990—2000 4 NPP M{EIGHHES S (3 5) o kb A bt > o A FH i Ay bk b > B
SRR NPP Yl DR BEHE T MRS Ry B b > K i % Ry 55 1t > A b 5% S R R P ML, 1990—2000 4R 545 3R 1,
I A A i BB T AR, NPP BB B, AR F 5% Ak g Akt HH NPP 30 o e, B — ik
Ui, 5 R AR AE G M R A 2 NPP JdiZb ) e Z WIBE T, 1990—2000 47 AR S U i Bl K& /N Ry« i
b 722 Ay A FH > Tt 708 A R > A FH AR SRy b > i A Sy T R B [T A S R e K B A AR FH B S AR ( 2.42
TeC) LAS FEHAS AR I (0.31 TgC) o M NPP HIE LA [f 85 i (1) £ B2, AR B PRI B0 1) T e s SR R4
B3 T S0 1 7 i (G Rt R e M ) DA B [ Ak 1 28 5 SEUARL A5 N Dy R 3% 8 2 e i T e Jld 28 B I
2000—2015 4F | 4 i F) P AL A5 T2 28 O S 0si sy , o HobR 75 BN AR A 5 | ] M2 R %4 75 T FRL 30815 km® , NPP
12.68 TeC, A 5T X BT B85 1.19 TeC, M ZE A 3 B ARfb 75 A B 55 728 Jp bk (7447.8 km®) | B b (5058.5
km?) I, [ERAR b 3228 & A= fe Ak T 5 kb (0.51 TgC) (EHh(0.21 TgC) I,
3.4 ORI TR A SR B PREIAE TR NPP AL RRAE

RISCEETT T NPP FEAN[E] L A S Wk s 1 e = bR AR A v (8 AR AR AR (LA (r] P i 4 o= T 3
AT IR - b R % 8 AN AR A R 7 5 A v B B D R EDRE NPP 52 me 4 5 [ 1 &
hE &R W (B 3, B A bRl 1—6 SR 9 mER 4) Ak ARREHIR & AR e A8 T 7 Y AR 1 NPP Fifi T 4k 1)
TNZ GBI TRkt BV A3 I e v 5 B AR, FLAE TRl — SRR A0 4T Bk % bRt Y 4F 35 NPP S5 K, Tty
RAET 500 m, HFHLHE ARHLAG NPP(197.71 ¢C m™2 a™") >HEHLUFE H#FHL (113.35 oC m™? a™') >HHLE: Jy bkl
(67.64 ¢C m™ a™" ) >HFHLEL N H ML (54.69 gC m™ a™') >HRMFE M HFHL (31.84 gC m™> a™") >HRHLHE 5t
(=59.07 gC m™ a™") , WA ) i At 0 2 o | AR B A A e 1 A 08 SR e L, T R b 225 Ay 0 5 2l 199 4235 NPP
R BINREIA B B H A, A, B bk A 4E 1) NPP FfivE4k 035 fin Se BEARS T, @4k (>3000 m)
AEFE) NPP 5 T L HT P 4K (1500—3000 m) NPP 17 [ ifk 5 Bl VAR 3G N S T 3 J5 BRAIG, TE B S 4R B AR 4
EOMRCHB AR (FFIAR A5 0 2 Y0 B/ A6 I R 355 T e 28 R A BARL ) DR 0t 5 4 v JR R 7843 R 3000 m DA Y
DXISAR B A, FLASCR AR F #2183 1500—3000 maR BFE AR, 76 BT 52 1 7S Fh 3 8 54 A5 Ty 20, B T IR BFA
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x5 EBEIXISEETA A NPP RERTH

Table 5 Changes of NPP and carbon sequestration in changed land type in the Loess Plateau

1990—2000 2000—2015
AR [ NPP ¥ NPP Al [E Bk i NPP #fH NPP Al il
Type changed Area/ Mean/ Sum/ cs/ Area/ Mean/ Sum/ cs/

km? (gCm2a™h) (G gC) (G gC) km? (gCm2a™h) (G gC) (G gC)

12 55921 97.39 5446.22 2420.85 7448 155.28 1156.49 514.06

13 2487 46.98 116.85 51.94 5081 95.23 483.81 215.06

14 58 19.44 L12 0.50 1260 -16.87 -21.25 -9.45

15 53 -88.41 -4.71 -2.09 75 -85.63 -6.40 -2.84

16 5 -140.93 -0.73 -0.32 3 35.42 0.12 0.05

21 324 -193.87 -62.76 -27.90 952 26.30 25.04 11.13

23 110 -151.61 -16.66 -7.41 3890 57.21 222.77 99.02

24 12 -90.86 ~-1.09 -0.49 962 -50.37 -48.44 -21.53

25 — — — — 51 -128.13 -6.49 -2.89

26 — — — — 2 -47.39 -0.08 -0.04

31 1943 26.99 52.44 2331 977 147.96 144.57 64.26

32 54950 12.54 689.21 306.35 2481 71.07 176.30 78.37

34 3083 -31.60 -97.42 -43.30 1758 29.98 5271 23.43

35 259 -36.79 -9.54 -4.24 64 -63.21 -4.02 -1.79

36 60 -52.93 -3.18 -1.41 29 37.91 111 0.49

41 — — — — 12 173.88 2.09 0.93

42 210 38.63 8.09 3.60 56 177.09 9.88 439

43 147 2.29 0.34 0.15 1169 78.55 91.86 40.83

45 9 17.16 0.15 0.07 35 54.18 1.91 0.85

46 — — — — 8 -4.14 -0.03 -0.01

51 3 41.96 0.14 0.06 13 162.20 2.09 0.93

5 154 46.69 7.18 3.19 20 247.70 4.89 2.17

53 141 -16.10 -2.27 -1.01 1002 82.29 82.45 36.65

54 330 -14.39 -4.74 -2.11 103 66.23 6.82 3.03

56 12 -93.69 -113 -0.50 13 50.28 0.65 0.29

61 71 39.70 2.83 1.26 59 225.39 13.35 5.94

62 249 68.15 16.97 7.54 5 318.24 1.64 0.73

63 1901 -9.76 -18.55 -8.24 2914 88.02 256.51 114.02

64 629 -17.43 -10.97 -4.88 184 78.22 14.37 6.39

65 2819 -31.43 -88.60 -39.38 191 73.32 13.98 6.21

B3t Total 125940 — 6019.19 2675.54 30815 — 2678.74 1190.70

— MEAR NSO B SRGE G 5 I 12 A TPt 13 A T -B 4, 14 < TULJ RO BT, 15 A FH /KA, 16, 4 TR T4, 20 . k¢ 1, 23 bt
24 MR- RAES T, 25 MR- 7K 26 M-S A LM, 31 . B4 R, 32 BB , 34 . S0 TR RS, 35« S Mb-7K 1, 36 . - R T 41 R A
Fis-A 42 i IR AR ST M- bRt 43 - F RO SR M -F b 45 . s RO SR 7K I, 46 - Fe R ARSI R R b, 51 /K PR 42 K IR, 53 . 7K PR, 54K
TA-JE B, 56 KR AR, 61 KR -4 T, 62 A F PR, 63 A ATH-F0 3, 64 AT HIMh- i RS, 65 . A -k i

MR AR BE LA S AR R R B AR NPP 52 BB S 0E Gt 344, T3 Ak 3 FhL AR GRBFE L AR B ARORNAR 54
BE) 4EH) NPP ARFasE MR T 1500 m, 285 HFE) NPP 5 TE BFE 5 FAR B A #3455 T 1500 m, A8 7
JHFE) NPP R ZUFEAR 1G4 5 T 2000 m, A8 B R HF) NPP R 6, e fi% 18 B8 5 fAR RO AR ik T
3000 m, i HuEE Ry AR NPP(78.90 ¢C m™ a™" ) 2 & TR BHA F (26.62 ¢C m™ a™ ) AR H J#F (-35.11 ¢C
ma™l); MHBHHAZ ) NPP [ T ZERFFE XK T 500 m A1 T 3000 m M4 ALK T8 25 Jy Ak, 75 500—3000 m
TR IRBHA FACRIE TR FO AR,
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Fig.3 NPP under the synergistic effects of land use change and elevations
4 itig

4.1 BEE ST

ARBFFEBAULGE T G AR SICOR P BiAaE ) i ) AR R 2 e e X 0 R B+ SR
—Eah A U A I e P A R AR B - . NPP AT A TR, RS A B A e R — AT
B3 PR AR T 7 A8 (AR N G T DR EATTHE 19902000 1 2015 4F BUARBE NPP 545 b A1 2
RO A Ll | ORI FHAS TR TR B DA R G 3 B BRIV FEASORR DS v oA 25 SRR, 3 At ) NPP 5k
iR b 8 A M die e (26 6) , St B IE ARG, FBA AR MR X NPP i 07 58 25 5 YR 1990 4F F5 1y 11 J R
SUF AL W A IR ARG, A A S B K SR SR I A M 5 NPP A JG B S AR DG 16 B AR
GO R 2 A R 4 v SR e AR TR) - R 2R AL A B ) NPP Isf2s A Ak - B I {5 B, Wl A9k NPP 5+
i) 2 A PR (AR G R B = 3k 0,74, S54RI AE O R EUGR 0.87  AH#E NPP 5 4 M1 AR fb Fifg 4 =5
PR EIVE A AR P g 0.94, 0] LA B+ 5 J5AR B NPP 55 00K BRIV FH AR e B8 s T 4% B R 1, HLAEAR
TR LU TR R A 5 e (A AE DG (2 6) , T BB PN A W AR AR 1 7 3 R T i

F6 EISFEE NPP 5LMF ARBBEREREENEXRY

Table 6 Correlations between NPP and land use or elevations in the Loess Plateau

A H it Hith Ja RS ik AR
Cropland Forest Glassland Settlement Water Unused
1990 0.98 0.93 0.63 0.86 0.22 -0.24
2000 0.97 0.99 0.41 -0.03 0.20 -0.23
2015 0.97 0.99 0.49 0.39 0.25 -0.20
AR Elevation class 1 2 3 4 5 6
0.71 0.87 0.55 0.44 -0.11 -0.30

KRB FHE 0.8—1.0 AR, 0.6—0.8 N3, 0.4—0.6 N HPZEFEREFISE,0.2—0.4 J55HH5E ,0—0.2 LS54 S s JCAH &
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Hb BRI B A] T 51 I DX R B B I et 1 25 S R 2 e A 5 25 51
4.2 L3RR AR A SR R BEXTAE R, NPP 50

B = AR TR E A SIS O ME S L X 22— B T D7 5 B A AR PR 1 A S T O B R IR
PASD, o 35 B I R S 7 28 B DRk 2 J v AE = AR TR R R A IR R Y R IR AR DAFFSE R B R AR AR
AL A A DR R i ) - i R A P X M NPP A R 61 B () HIe sh AR K, He 2B Bk AR e 1 [T i 3ok S b
HORZBWRZ , AREER R 30 4F s AR R & L — BUROR AR [l 47.7 TeC, ARARAFE Y
[E 8% 39.4 TeC , HEHBAE LA [E B 29.8 TeC , HAMBLH 55 FE B AFHE K (1990 4FAH #1755 E 26% , 2000 4F- 28% ,2015
4F 35%) ,NPP ZAFEIG NG H ok [ et 3G 2 o [R)EF, AF 90 X AR B0 ARk 381 1Y) [ Al 580 SR -, AF 347 [ e
79.55 TgC, MR HHEAR RfE A A 25 RGE BRI AR, B4 #3446 58 4T DLl 3k = b FI) AR Ak ok s i
CRARBGE ) B2 IR/ 200 2R HEBCR B AR

VR R FE X NPP (0 1 ZR A « BB )7 513847 Tt 4R35 NPP B = 2 B35 I e B AR5 T, 4F AL NPP
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HAREIREE 552 IE ) 2 A AR A 3 L 52 i i () AR A R, 2 10 42 i) bt 8 A U 43 A, 7 512 Xk
R IREE AR XS M A MR R B 5, PRI UL, VAR R0 B 5 NPP A3 SR il B Sl 74 3 D DR v A e 4 o) 1 8
AR SRR M R T B 505 5 AR AE AL, 1 T 5 MR o X s e L 10

- b P A A v A O DA PR 8 5 SRR NPP A3 SR e B ) RS IX B R F B s, 47
DUBHFA MR E R 22 (& 3) |, F Tl A 5 2 40 B b R o g K A BELARAE T, i 2 A 5 TVE
REAR g 1 BHATC A AORT b 3 1 i) | o) 1 3 - 8 — 2 O R VR T, 3 SO 7 0F 9% [X EL A 4 1) AR R 4K
JO7 ) AR b R 2 i) A AR A A TR T A B RV R AR A R AR E IR AR T 1500 m, ‘BT 78 554 4 Bk dth | ]
B ORISR AL N B E SR R o A E D R S L st HARAVEY T S2 B 35 F i b i 4
A AR AN TR b 1 [ A 5 R R ARGV A A Y 1 i s SR AR b 5 T VAR R 1 1500 m, HH i 4 A 0 2 1y
M3 Bh S T HLmAE I, 26 S A B E I T 3 p i A 06 1, B CO, & 2 TH i, 6 RE B R L 1 7
it FITITC R 110 [V sF 2 0 e, R A () 06 VR T e R T B 0 ) RV, 5 T P TR B R A2 A& Bl g i R R
B BEVE IR SR A ROIRAS DT S O b A [T R BE AN b, 3t 55 Hui, A AR RF9E 25 5 — 3
(ELIE 25 o TR T2 8 A At TR 50 14 T i 205 S 7 S T b s, oA A R A 25 PR B 4% 12 1940 SR R 3 T 42
150, TE R R AL AR G FRE Ky, 1 R K o B AR, AT R E S BB T R, AN B AR A R AR K T =
PR A 25 2R G0 SR BR AE g e dseien 7 DRI I, YA 1o At XA e R 525 ) 1 B ASCSRAS S

25 b MR NPP X [ SR 54t 2 A i ¢ R A 27 5 2%, (0 AR G AT A AE T L 25 A8 4k b AR A
WFFE X RBE R S A A R R AR R 23 45 NPP 1 S T Ak 30 o 22 S R RO e . ARS8 M I 8%
A2 R e B A e B A b R FH AR A A S 3 D [R)VE A AR BE A AT T 8 b = IR A B NPP (B 25 3 5=
FRAE 7€ NPP 1w 7 K- A0 5 Hov o 1807 1k S5 AU FR b B s BB A5 i — R R

5 ZitE5RE

ARSCHEFE T8 i 1990—2015 A7 A 7225 1 44 iy 12 9 T 2 P ot o e Py 22 A A 2, AL
CASA BIRIHEAT NPP B IEAG T, 16 LSRRI 1 GE vt 207 - R P 2 i 8 P2 4 DB IR P P X RO [ 5k Py 2
AR, SRR (1) B b @ AR NPP SR AE B TF, 4R NPP Y 2.74 oC m™ ™', 45 2[5 B 3
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1.13 TeC/a , BFFE X bR B B8R FAR (4E45 NPP 7 619.5 ¢C m™2a™') . (2) HUASFF LA, B A R A 5
b S v R it FH b, I3 22 KR F AR A S R [l 22 0 (3) ¥ b = IR AR Y NPP il = A 1 35 i SE R A%
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