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Ecological regionalization and overview of the Loess Plateau
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Abstract: The Loess Plateau covers a wide area where soil erosion is significantly different from region to region. To
effectively control soil erosion and evaluate the effectiveness of soil erosion control technology, mode, and ecological
restoration construction project, it is necessary to divide the Loess Plateau into several ecological regions. Given the regional
characteristics and differences in the natural conditions of soil erosion control techniques and models, this study used the
data in the National Fundamental Geographic Information System as references and re-divided the County boundary for
appropriate ecological regionalization. The zonal characteristics of climate, topography, vegetation, and soil erosion status
were analyzed to provide references for the improvement and optimization of soil erosion control technology and modes. The
major findings are as follows. (1) The Loess Plateau was divided into five regions, namely, loess sorghum gully region,
loess hilly and gully region, sandy land and agricultural irrigation region, earth-rocky mountainous region, and river valley
plain region. The loess sorghum gully region and the loess hilly and gully region were then subdivided into two sub-regions.

(2) The climate, vegetation, and soil erosion in the Loess Plateau showed clear regional differences. Precipitation and
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vegetation coverage decreased from southeast to northwest and were consistent in spatial distribution; regions with high
precipitation showed high vegetation coverage. In terms of interannual variation, precipitation in the B2 sub-region of the
hilly and gully region tended to increase, while it tended to decrease in the other regions, but the changes were not
significant. Since the 1980s, vegetation coverage of the Loess Plateau and its regions have been increasing gradually, the
most significant increase lying in the loess hilly and gully region. The area-averaged temperature in each region showed a
non-significant increase, and a clear temperature increase has occurred since the 1990s. (3) Since 1970, erosion intensity
of the Loess Plateau has been remarkably weakened. The average sediment transport modulus ranged from 0.13 to 3924 t
km™ a™" until 2002 to 2015, and the maximum erosion intensity was moderate (2500—5000 t km™ a™") , but the eroded

area was small and lied in the Jinghe River basin, an area belonging to the B2 sub-region of the loess sorghum gully region.
Key Words: The Loess Plateau; ecological regionalization; climate; topography; vegetation; soil and water loss
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Fig.1 Ecological Regionalization of the Loess Plateau
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Fig.2 Spatial pattern of elevation, slope and slope length for ecological regionalization
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Table 1 Zonal statistics of elevation, slope and slope length

AR 2 Elevation/m i Slope/ (°) W& Slope length/m
Eoologieal regionalization WOME AR B oME Bk B GOME Gk i
Min Max Mean Min Max Mean Min Max Mean

R AKX AL

i:’:,—:ﬁ?:}’]@l:n on Al 1186 5100 2268 0.1 87.3 16.9 12.2 1376 68.4
ess sorghum gully region

#+ IR X A2

L;imﬂ?l(:ja:,:u ion A2 329 2744 1328 0.1 82.5 17.6 12.2 1345 68.2
ess sorghum gully region

£ FH %2 1X Bl

biﬁh%/ﬂlﬁil_u ion Bl 718 2788 1290 0.1 77.4 13.1 11.6 1176 51.6
ess hilly and gully region

o VAL X B2

;iﬁh%(’]g;l: I con B2 377 2799 1240 0.1 79.3 16.5 12.0 1070 60.5
ess hilly and gully region

Wil A X C

Sandy land and agricultural irrigation 979 3521 1292 0.1 81.0 7.5 11.5 1402 32.9

region C

A X RS D

Earth-rocky mountainous, 85 3748 1060 0.1 82.8 14.5 11.5 1860 55.9

and river valley plain region D
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Fig.3 Spatial pattern of precipitation for ecological regionalization in different decades
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Table 2 Precipitation in different ecological regionalization

ABITIX

Ecological regionalization

AEAL Time

1961—2015

1961—1969 1970—1979

1980—1989

1990—1999

2000—2015

PRI AL
Loess sorghum gully region Al
B R R ALK A2
Loess sorghum gully region A2
1 BRI EIX B
Loess hilly and gully region B1
Tt BT A X B2
Loess hilly and gully region B2
Wit RACHERX. C
Sandy land and
region C
A X RS ERIX D

Earth-rocky mountainous, and river valley

agricultural irrigation

plain region D

412 428 419

556 584 558

442 454 443

467 444 471

266 278 274

538 576 539

401

571

410

464

248

537

402

514

435

441

271

503

412

556

458

495

263

537

B4 15 I R Bl 2R XU, A4 = 10°C AL 2300—4500°C , o e 1 120—250 K, H BRI %k 1900—

3200 /AT

SR 1961—2015 4FEZAE SRR 7.3°C, AR ZS [HIAS R L AA7EAR R AR Sk, Wl 4 P, AR FE
R IR ALK A2 B IX | A A L DRI A D DX A e e, A L DX R A8 B X R 2, 4 T s SR
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i) b, 3 A g SR % 43 DX T34 AR A 2 A B 3 ks 3, 60—80 AR AR AR XTI AR E , 90 A4 LA 1S i
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Table 3 Temperature in different ecological regionalization

AKX AR Time
Ecological regionalization 1961—2015  1961—1969  1970—1979  1980—1989  1990—1999  2000—2015
R RIX AL
SRR AL 4.9 4.4 4.4 4.4 5.0 5.6
Loess sorghum gully region Al
B P TR AR
REFRNBE A2 8.7 8.3 8.4 8.3 8.9 9.3
Loess sorghum gully region A2
o SIHALX Bl

PRI B 6.3 5.7 5.8 5.8 6.6 6.9
Loess hilly and gully region Bl
i 3 AR X
“iE&mQLB2. 8.1 7.7 7.8 7.7 8.4 8.7
Loess hilly and gully region B2
IHLSARTEIX C
Sandy land and agricultural irrigation 7.0 6.2 6.3 6.6 7.4 7.8
region C
A WX B AR IX D
Earth-rocky mountainous, and river valley 8.7 8.3 8.4 8.3 8.9 9.

plain region D

2.3 HEHERE

5+ E IR 1982—2015 4EZ4EF-1 NDVI 4 0.56 , fFAER KA as ] 25 53, 3K [ 52 80 M ZR G o) 7 1B 3k sk 1Y)
R 5) ALK AR X 8 R AR X A2 B X AR e B e, 4R NDVI 4331k 0.
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Fig.4 Spatial pattern of temperature for ecological regionalization in different decades
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HR K, N 0.06—0.07 , UL EE 4 Fr b A AR X K A FIR BF A AR (B B 5R0RE H 45 A S d i i 2L sl , BB fS A
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Table 4 NDVI in different ecological regionalization

X ER I/ME HRME FH{E b2
Ecological regionalization Time Min Max Mean Standard deviation
H SRV AX AL 1982—2015 0.22 0.95 0.55 0.17
Loess sorghum gully region Al 1982—1989 0.18 0.95 0.53 0.19
1990—1999 0.23 0.95 0.55 0.18
2000—2015 0.22 0.95 0.56 0.17
L PR ELUX A2 1982—2015 0.35 0.96 0.68 0.17
Loess sorghum gully region A2 1982—1989 0.34 0.96 0.66 0.18
1990—1999 0.34 0.96 0.67 0.18
2000—2015 0.37 0.96 0.69 0.16
#+ B IEUX Bl 1982—2015 0.28 0.90 0.49 0.12
Loess hilly and gully region Bl 1982—1989 0.25 0.89 0.46 0.13
1990—1999 0.27 0.89 0.49 0.13
2000—2015 0.30 0.92 0.52 0.12
#+ BRI ELX B2 1982—2015 0.29 0.94 0.56 0.15
Loess hilly and gully region B2 1982—1989 0.26 0.95 0.53 0.17
1990—1999 0.28 0.94 0.53 0.16
2000—2015 0.31 0.94 0.60 0.14
A X A X C 1982—2015 0.33 0.97 0.69 0.13
Sandy land and agricultural 1982—1989 0.31 0.98 0.67 0.14
irrigation region C 1990—1999 0.31 0.97 0.69 0.13
2000—2015 0.34 0.97 0.70 0.13
Tt S AHEIX. D 1982—2015 0.07 0.85 0.36 0.13
Earth-rocky mountainous, 1982—1989 0.07 0.83 0.33 0.13
and river valley plain region D 1990—1999 0.08 0.91 0.36 0.14
2000—2015 0.07 0.83 0.37 0.14
=i 1982—2015 0.07 0.97 0.56 0.19
Loess plateau 1982—1989 0.07 0.98 0.54 0.20
1990—1999 0.08 0.97 0.55 0.20
2000—2015 0.07 0.97 0.57 0.19

2.4 (R0 Ub A AR RRIE KoK iR BUIR

B R AR U2 F SRR B R R 52 i, LA A S A B 2 o SR ARRAE O o T I e s AR
A AR A HLES (1984 ) A2 i B SR AR (36 5) W AN [ IR 30 45 {2 folu e J38 Jr Xof oz £1%) T AR EE A1 1A 7% L, sk 6
B .

AR K A5 18 it S5 it A KR T AR5 LR (1970 4ELART) |, 52 ANZETH SIS AR &80 KB T [ SRR
BT BP0, FEZA 5 1R (<1000 t km™ a™") XIS A ARy 26.1% , 58 B 4= L F (>5000 t
km™ a™') WA LU R 25.7% , F= 2250 AT AETE T Aein] AU TnT L I b IX DA R TG 2 ¥ T i | T 5 e Tl A
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TR, X EEAR 5 R A X 2, o 2007 2L (> 15000 t km T aTh) B XISEAR (S 4%,
T3 LR — A T S LD A X T

x5 KEBHEL(1984) B EEE R SIRE
Table 5 Classification standard of erosion intensity from Ministry of Water and Electricity (1984)

Rt B TR fe B U (R SR = e i B2 4= o JF AR
Erosion intensity Weak erosion Light erosion Moderate erosion Strong erosion  Very strong erosion Severe erosion
FRifE Criterion / ( t/km?) <1000 1000—2500 2500—5000 5000—8000 8000—15000 >15000

R 6 BITREMAEERNEENHE

Table 6 Changes of erosion intensity on the Loess Plateau

. VR T FLLL ] Area proportion/%
e ment. tram
R ) Sediment transport modulus/ 1970 4E L) §if
Erosion intensity (tkm™2a™!) Before 1970 1970s 1980s 2002—2015
1y ge A=
= Lﬂ' <1000 26.1 34.4 0.1 84.6
Weak erosion
=
%E{xﬂﬁ. 1000—2500 27.8 23.4 27.7 14.4
Light erosion
EXEXY
rhEE Rk . 2500—5000 20.4 23.1 20.5 1.1
Moderate erosion
BNy
[ equ ) 5000—8000 10.7 11.5 7.9 -
Strong erosion
B e (2L
B A ) 8000—15000 11.0 7.1 1.6 —
Very strong erosion
15 {2
JE Rk >15000 4.0 0.6 0.1 -

Severe erosion

70 AEAR, RS2 0 ) T AR TN 2] 34.49% 5 R 1k LA A DX el i AR LG 49 B AR B 19.2% , B4 A TV -
HEZE AR Z5 e —a , W 12 b A S T P S 2Rt iR A

80 AFAR, TRl A= ol DX I R4 TN 2] 42.19% , 58 AR 1l A A9 DX AR L B 1 — 25 RAIG, 1 9.6% , v I 4
SRR /N IX 38R, 43 87 T VU 1 - H0E 22— AR -9 0 =2 T 7

2002—2015 47, ¥ 4 LR il = V0 19 23 [0 A Ry & A T 1 R AR Ak, 3 2 3R B A3 ol e 8 RS 1L o A Ty T
(FE6), fRuhy=vb it am B B E s , 24 PP BETE 0.13—3924 t km™ a™' Z[H], H EE 4R 1k ( 2500—5000 t
km™ a™) X IRTE AN A 1.19% , 550 T 58 R VA AR IX A v Il it dek, 8% 8 42 dt ( 1000—2500 t
km™ a™") B XBRE IR K, TR LU B 14.4% , 250 A 00T T T Is T A6 3] a5 7K ) A i
BP0 DX 35 (T R LG 5] 84.6% ) B A it B2 #0421k (<1000 t km ™ a™') 80 4RARR
R0 A 0 DI, A= i J3E 0 1 kg v B ARy, ELYE PR % A T B 8 2 00 5 80 AR AR rp 38 42 R A 3 A2 Dl vy XS8R £
i OB R B R s IS R il A AR AR I AR E ST 25 SR R (R 7) , I ALX. A2 FIlIX
B SR ph i Ry PR AR IBROAE 155—3924 t km ™ ' Z08) MM 1118 t km™ a™', EEFETABELX B2 B IX K
2 ARBETE 18.3—3245 t km ™2 a”' ZJH), BIME K 994 t km™> a™', At 43 IX 5 il A 4 4 {H 7E 180—560 t
km ™ a™ Z 8], Ho 4 1 X A T IX AR o e /N

2015 4%, 8 - m RV BEOE 0—4353 ¢ k™ a™' Z[H], HP AR (2500—5000 t km™ a™") Y X 38 T 45
AN AL 1.1% , FEA0 T8 @ A A X Rl BB R (1000—2500 t km™ a™") Ay X8 FELAS K,
TR LR 14.4% , F B A FE 7] TG Al e AU T Sk e el AT e, At S 43 IX K
(TR 84.6% ) H R b s BEHS & T35 =20 (<1000 t km™2 a™) o &80 XA R AR AE(E G 45 1
N(RT), FYRIER X A2 B XY 4 AR b e ok 7 AR B EOE 155—3924 ¢ km ™ 2™ ZH], B{E N 1118
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Fig.6 Spatial pattern of sediment transport modulus during 2002—2015

RT ESHK 2002—2015 FHEXIFEES I
Table 7 Zonal statistics of sediment transport modulus during 2002—2015

HARIX {RhAREL Sediment transport modulus /(t km™2a™!)
Ecological regionalization £2/IME Min K H Max PI{H Mean
HE YR A X
L RIRIRLC AL 8.5 1837 417
Loess sorghum gully region Al
BRI EIX A2
Loess sorghum gully region A2 154.5 3924 118
iy SINER X B1
,\iﬁ?ﬁ(@@l: . 0.2 3325 342
Loess hilly and gully region Bl
I R X B2
ﬁiﬁ:.@?(@ﬁl_ . 18.3 3245 994
Loess hilly and gully region B2
N e
DHMRRHEX C . S . 8.3 2693 559
Sandy land and agricultural irrigation region C

x N PN 13 J5 x
A X RS RIX D o1 1626 188

Earth-rocky mountainous, and river valley plain region D

AR B R e 2 1 8 i AR A A0 X, 762 B K A U 2 A BB R R = DX el i 22 5 1 Sl 1 8
B = E R A A X B R IR X VAR X, o L X R AR X, e - R A
B FE— A5 A1 A2 AR IX ;8 4 B iR X R 3o B1 AT B2 PRANEIIX

B R AR K i 447 mm, BB ERIX B2 @l X FEK B 2 0 ka3, Hofth oy IX SR/ N 3 AR fb Y
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