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Micro-meteorological changes and grassland desertification due to
overgrazing in Naiman. Inner Mongolia, China

LI Sheng-Gong!,ZHAQO Ha-Lin', HE Zong-Ying'. CHANG Xue-Li'. Yoshinobu HARO-

ZONO® Toshiya OHKURODF Masayuki NEMQTO?® (1. Instreute of Desert Research, Chinese Academy
of Sciences. Lanzhou 730000, Chinay 2. National Institute of Agro-Envirenmental Scrences Tsukuba 305, Japan)

Abstract :Overgrazing is one of the primary causes Ior desertification in the semiarid zone of China. A graz-
ing experiment in Naiman (N42°55' ,E120°42',400m asl). Inner Mongolia, China was conducted to eluci
date the desertification mechanisms. especially the initiation of desertilication of grassland resulted Irom
overgrazing. The experiment f{icld included four plots, i e., non-grazing, lightly-grazing. moderately
grazing and over-grazing plots. in which grazing sheep number differed from 0.3,6, and 9, respectively.
Micro-meteorolagical elements were observed at these plots. The obtained data were analyzed using the
Bowen ratio energy balance method and aerodynamic gradient method. The results show that:1)Ground
surface reflectivity (albedo)increases with grazing intensity, e. g. , albedo of the overgrazing ploc has in-
creased from 0. 20 at the beginning of the experiment in 1992 to 0. 28 in 1994, The overgrazing plot has
been desertified. Thus, albedo becomes an important indicatior of grassland desertification. Z)Partitioning
of net radiation exhibits distinct patterns among the (our plots thar is the results of interplay of albedg and
in situ vegetation. The net radiation and contribution of latent heat flux tend to decrease due to increasing-
ly grazing intensity. Heavy trampling by sheep also affects heat budget over the ground surfaces. 3) Wind
profiles above the ground of each plot have different structures. Much stronger wind shear on the over-

grazing surface is a significant driving forcing resulting in intense sand flow activities on which desertifica-
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tion processes are based. 4) Bafe grazing capacity of the studied grassland during growing season is pro-
posed to be 3~4 sheep or sheep equivalents per hm®. according to the experiment and the plant community
dynamics.

Key words: grassland; grazing intensity, desertification; micro-metecrology
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HEHERRSAXFTGENSFHFEIN MRR . SERR EENRES T ELHERLFEHFYINX
F WMA—ETBEAEPREERXRENZEL, U 28 ERFHET i (SESRE SR BN,
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RRETREmMA - ERELETERATE TAEEEOE—FRELRERBLANEREE. Bk, 5
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1 BIRMNSFHHE

WEFE B A T8 /R0 T IRUAR T 76 R B WA O AT (N 42758 . E120°43" , E 3 838 345m) . K & ARk
HAETFEZRSMR. FFHRHEH S EE 5210M)/m’ 53 B BES# 2050h, F£FHSKE6.4C.1 AF
BHSE-13.1C,7 AFHSE 23.7C. 2 10CH# 3000~3400C . FTEK 130~150d, EFHREKE
362mm, KA 6 F 8 AMREKSE 2F&KAY 63X L. FTHNELER 1935mm, FEFIHRE 3. 5m/s, KR
HBEER 20~60d,

TR ;o0 S MR MR R R T LR S B (RO e (A] I M () ) HE 1R S A
HERR. RH. ERAARRESLERD S WEDREANFEEFP. AL E R0 5T
S0 E. RSP RI YR B (Agriophyllum squarrosum), EZ N BRBHN T EEZTER
(Artemisia halodendron) . £ % -3, B & (Artemisia scoparia) . ik 5 BB T (Lespedeza davarica). 7
48 W JL(Caragana microphyila) . 147 58 W (Hedvsarum fruticosum var. ligosum)FIEH M (Salix gorde
Jewii ), BEYH EEKFH NSRS L, 8% (Artemisia frigida) A S HEH T, — R DB R,

T 1992 S ET —HTFEFE . ERN W ER P ERERES RN RS, PREREELREH
FEhE.BEF REHEMARE, BANERAES B Y. T8 OB (Pennisetum centrasiaticem) , @
BE (Levmus secalinus) . Y& B T 3L (Cleistogenes squarrosa)» = 15 3 (Aristida adscensionis ), B B (Chioris
rergata )y BB (Setaria wrdss) B B (Digntara ischaemum ) 1 E (Phragmutes australts) . J3 18 5 ( Melis-
setus ruthentcus) . W BR B ( Kummerowia stipulacea) ik BB T .8 & (Artemisia scopariad, $03 . Hi
(Ewuphobia humifesa ) HUHE B¢ Cynanchum thesiowdes ) BB 3 (Salsola colftna) 3L (Cortspermum sp. V8§,
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Table 1 Measorement liems and thelr set-up height

WX H HEE S B HE M mErErE ELE LR

Messurement item Unfenced grassland Grazing plots Sand dune Instrument
BN R 125 125 125 A &4t 3-SR,
R B R 95 55 95 H &ftt S-SR
AR Re® 120 120 170 B RLEDREE AT Y CN-11
S&E® 30,250 30,140 30,140 iB B T T
HEES 30,250 30,140 30,140 5 SR 3E HU-1
H, @ 500 500 500 AR EE VE-018
2k o 3?1'585 .'slu?' 5L1;:'5?00.'5104(:?' 302'5]:10.'51040(} ' BIERUE I AF7R0s
+RBES 1,5,10.20.50 1.5.10.20. 30 1,5,10.20,30 puaBRRERL
it E B 1.5 1.5 1.5 WAE CN-5

(D 8olar radiation; @ Reflected Rs;:31Net radiation; (3 Air temperature; (SiRelative humidity ;.8 Wind direction ; 7%
Wind speed ; @Soil remperature;(FSoil hear flux.
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2.1 HE#E

REREFATROABHTINEESH 22—, EHME AR SREREREREL. &5 AfWe H
i B FEMPEREES D ANBEE, AL 7 AN s A  BUEKER . MERERC HILE 55
BMRED, SEARAERAL ENELLREHREERHR . PRES AR, EHEEEH
X EULHFPENESEARNTHCE 1.2, B EHEHE0EEBEN (AR R,
ERFATLEEERR. RS TS UM a3 E B T R B e s s 5% ~
i ME R FE WA 18%~23% AP E R D W~ 170 (E D, EHEE—-ERE LR
TEMA KRR AEEAER. BT AR RECNEREN S PRI ERCBEEMNEEE W
z—.

FEREEERSY . BREEAEHRRL PR IR E RS h B HEEAM. AR RS
2EFHRES IR EHTEM YN REWNS SR HERE SNEHE R RFER KM KT
COXL T MEAMALYEE, BRIVMNERSE ARV R ERABEN S . RESC A N
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(R EEDFREAN R BRE R AR E T LR 8 — 5 B M T8 69 55 3 W B A 4 R
EHE-BAFISRA T —RE, SR EMTTREA, BN ARG UM E R TR R
WEALIN 0 25, FA.BTEMBI RS, FFEEN F NS HOEE TN T R R 8Ea R E
HV.ERMHEHETE 035, FZ EESAREANEHSERIRS, KA EM TR E K 0. 25~
0.35. FEMWE MK, E A K Mabbutt? 1§l Dregne” IR ETI W ER REBELMRRBEEH > ARE
(slight}, A (tmoderate ), B BF (severe ) E R 2B BE (very severe}, HIE L, FEdHIL A E.5 1994 £ 5 F,
EBFIE 0. 5hm’ HERTR THRS  BETERN AR BT ESFCOMARES T REREN, mE
AR RLERRATANSERSENSFEDSBICHEBEMAREMA R £ 0 WE TR ES.
AR SRR A KA T REEAIE. )

N2 EMGAEXAMHEXEHAN EHE R EPEESR
Table 2 Daily totals of energy components and albedoes at the measured sites. Percentage indicales partitioning of the
net available radiation into the sensible heat and latent heat fMuxes

#%E WHBHE @R KEE PES LWk EHGE ¥HE Re (Re-G H/ LE/ RH*¥ HEHEE
e B Rs Rn ERC B BLE /Rs FRs (Ra-GY (Ra{7) Ad Vegetation
GF. R, By udd (M) /m?) %) cover ( %}

i 1991-05-18 2  28.15 13.59 4.45 2.3% B5.75 48 32 26 74 26.0 20
E#F 1951-08-21 5 29.00 16.5 3.95 3.45 9.4% 58 45 27 73 22.2 40
HH 1591-08-02 3 26.54 1599 4.52 2.29 878 B0 4z 21 79 21.2 70
A 1p31-09-13 & 21.54 10.8%  2.75 50 38 21.1 70
LW 1992-0%-12 1  25.29 14.23  3.33 56 43 20.1 40
E 19%3-08-08 3 26.28 16,17 1.22 5.07 $.8% 62 57 34 66 19.7 30
B 19840810 3 28090 1448 1-95 6-353 6-18 50 43 51 49 22. 6 65
4L 1992-08-10 1 20.27  12.32  3.4T 61 44 23.3 75
E 1993-06-05 3 1823 1207 1.54 B8 58 21. % 80
C  1%94-08-09 4 17.31 10.41 1.25 2.75 6.41 GO 53 30 70 0.0 80
R 1592-08-08 5 17.12 9.23 1.79 54 43 24.3 50
B 1594-06-04 7 26.53 11.91 219  5.30 4.42 45 37 55 45 25. 4 30
d  1964-08-23 9 21.48 12.09 3.91 2.5 3.2 5§ 38 1 69 21. 3 85
i 1992-08-06 3 20.5% 10.85 .11 53 43 24.8 30
E  1593-07-30 1 24.22 17.16  3.24 346 10.45 71 57 25 73 18. 6" 20
1994-35-02 5 15.32 9.59 3.95 1.85 3.6% 38 22 35 63 30. 0 10
E 1594-08-21 7 13.70  5.5% 1.88 0-06 365 41 27 2 98 33. 6 10
PrE 1991-06-10 1 20.48 850 4039 Lo02  3.39 42 22 23 77 34.2 <5 .
B 1851-07-17 3 2538 1028 7.88 1.61 5.79 41 29 22 78 35.4 <5
F  1992-08-18 4 22.49 8.78 3.82 3% 2z 35.5 <5

+ RMET— X FALWBAE 4> A 32-1 # 10. 2Zmm EEFH There were 32. lmm rainfall one day hefore measurement

and 10. 2mm rainfall duning the measurement.
Note: A,B,C,D4E and F represent the unfenced grassland . the ungrazed plot, the Lightly grazed plot, the moderate-

ly grazed plot, and the mohile sand dune, repecuvely,
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Fig.1 Albedoes of grazing grassland and shifting dune 1n 1994
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Fig.2 Changes of albedo and the net radiation to solar
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REEWETFHBMEL. LR UM S B, B, o8 B3 4 B AN H 3
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REBEFEREE. AFRATEHEHEEE KBNS BN GRRERHY 3~4 REHH /hm’,
2.3 REST
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Fig. 3 Hardnesses of soil surface layers of the grazing

plots

Br Dzmg plot

i - F B0 3B 5 AR s 1 7 5 R o
- = : = o T AR 3 B 0 T L S 98
s . : 3
! f B {8, RS BT I B A U
i HEFRE BEFyEE. e BT LAMT
SRR O T i i o T MWAERSER. Rt R
;’E*;:;;;m;i”“‘“;;” FDRER BT T, R A 5 b R A R 8
¢ RERRSDE LY IR A A L B MR M R TR,
Fitg. 4 The normalized wind profiles above the surfaces

B IR [ B A TR R GRIRE D,
Hib EMRERS YRR BERESHER,
B2 i DL« fHL T 30 ¥ £, B 7 g IR s R, T 2, D KL SR 25 1 TR F AL

B 5 5o Rt Bt B M RSB ),
B A T A EEAS T — BRI, B BGR LT TR o B BT | i B
KB EEaEXF AR, HFRE A e SR X RE, ERW T, 5 HR A, AR F .5

In(Z-d}

=l £
-

of the grazing plots and shifting dune



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

¥ FRELh ¥ A [ R 7 T S ISR BT TE b B B R 703

Bk R LSRR B T b 2 B BE I A R A, B S B B B B R e T MBS R
B A B B 41D I, A 42 Bernoulli 80 R 07)  5 o 5 4R 55 FH AT RS o0 8 69 U T FOF A, BT L R L b
BT BLE B A T S A R A S R ST USRS 0% LB (SR AR R
2 MEmMUT, fERE L REATPRGRE KL SR B R, B T R A AR & YR F e
HRrRhE R T M. ERs e RS B HE 3~ fem THEE KB NT 2%, R4
WL, B AU BT 5 B 56 ) B LSBT . R BEAEE T2 WS R 818 T H M B A S B
MAHBT, RGBT REH , WM P A K B B, B BT, S MR R
B AT RARE R (X R R A A, T S B R 6. MRS R, E R
BfER T A THERT S . P, B ORI Bh R F S T M - B - BT R,

EEZ W ARRRET EaN R A S R EENENESY . BT &R, K E
T BB ER AR TR ERG, s % T ERR k. b T RN S 5 6 B, Bk
BNAFENAE -SG5 TRELE. UAERATRL S5 -84 85 TR, LRI KM
T 2% B 4R FHFIE M AL PP

=W IR -

(1. FOR BHESEYFECEERASEILS. MIPRF%. 105,402, 18,

2] £ o Freddlsf@msdREEn. mamR. 192,110, 70~77,

(3] WHE.KTHE.F T ¥TREIENHTRETHREESEARE KR, M2 H.1092,47(6) 536~
544,

L4 #EA,FEH.FERL B0 VE T REFRE EGEA TR R E. M, 1993, 4806) 552~ 362

[ 52 Charney I . Dynamucs of deserts and drought in the Sahel, @.J. Roy. Mer. Soc. » 1575a, 101193 ~ 202.

[ 8] Charney ] G- Stone P H, Quirk W ], Drought 1 the Sahara; a biogeophusical feedback mechamsm. Sciences
1975b, 18704175 ,434~4345.

[ 7] Charoey I G, Quirk W J and Chew S H. ez af. A comparative study of the effects of albedo change on drought in
semi-arid regions. J. Arm. Sef. . 1977. 3479).1366~1385.

(8] Shukla] and Mintz Y, Influence of Land-surface evapo-transpiration on the Earth’s climate. Seience, 1982, 215,
498~1501.

[5] Anthes R A. Enhancement of convective precipitation by mesoscale variations in vegetative covering 1 semu-ard
regions, J. Clima, Appli. Meteorel. . 1984, 23(4}.541~531.

(10] Schlesimger W H. Reynolds ] R. Cuaningham i L, e af. Biological feedbacks 1n global desertification. Science,
1990, 247:1043~1048.

[11] MNobre C A. Sellers P J and Shukla ]. Amazonian deforestation and regional climate change. J. (Timate, 1951, 4;
457 ~ 0R8.

LI2D Wroght IR, Gash ] HC and Da Racha HR. ¢t ul. Dry season micro-meteorology of central Amazomnian ranchland,
Q. J. R. Meteorol. Sov. . 1992. 1181083~ 11195,

(13]) &B# . HEEZ.AREE.F FOEAEETHREEGSEREMN YL HEE.1595,1501.99~ Lus.

[14] EMHREIE> CEMRE. % B H R0 b e 803 o 0B LB TSR, op B 5ah , 19971 3) .24~ 27.

[15] MNemoto M. Lu X Y and Li S . er ai. Influence of livestock grazing onr vegetation at sand dunes in seru-arid east-
ern Inner Mongolta. Chma., J. af Jap. Soc. of trrassl. Ser. . 1992, 38C10:44~52.

[16] ™Nemoto M. Ohkuro T, Xu B. e @/. Grazing intensiry effects of sheep on the growth of some plant species growa
ar the sandy land in semi-arid region-a case study in Inner Mongolia, China. J. of Jap. Soc. of Grussl. Scr. .
1994, 40037 :239~245.

[17] Thom A S. Momentum. mass aud heat exchange of plant communities. In; Vegelation and Atmosphere, ed. Mon-
teiths J. L.. London; Acadermic Press, 1875, 57~110.

(18] Haruzono Y. L1 S G and Shen ) Y. Seasonal change« of albedo and micro-meteorological conditons of vegetation in



http://www.cqvip.com

704

£ OO0 http://www.cqvip.com|

2 &5 £ B 19 %

(197
[20]
[21]

[z22]
[z23]

C24]

[25]

25]

_27]

(28]

[z9]

[30]

a semi-arid area in Inner Mongohe. Chine. JARG, 1994, 28(2%.79—89.

FHE, fEE. FEX. 5 ERERLMEAMS R ER N, oS #1994, 18(6). 758~763.
FED.MEE. FEE. S AEGTEFEFHADERTRIFETR . BETR,1993.12(4),400~408.

Mabbutt J A. A new glohal assessment of the status and trends of desertification. Esironmental Conservation .
1984. 11:100~113.

Mabbutt J A, Desertification indicators. Climatic Change, 1986. %:113—122.

Dregne H E. Desert Expansior.: Monitoring and assessment. In: Deserz Development Pare . New York: Har
twood Academic Publishers, 1991, 21 ~32.

Chapman G P. Desertilied Grassland, Their Biology and Menegement. London, Academic Press. 1992, 17—33,
95~ 10%.

Olavig-Whitteker L 5, Hosten P E and Marcus 1, et al. Influence of grazing on sand ficld vegetation in the Negev
Desert. J Arid Environmenrs, 1993, 24:81~93.

Bullock J M. Clear Hill B and Dale M P. er al. An experimental study of the effects of sheep grezing on vegetation
change in a species-poor grassland and the role of seedhng recruitment into gaps. J. Appli. Eco. , 1994, 31:493
~507.

Clarks J L, Welch D and Gordon 1 J. The influence of vegetation pattern on the grazing of heather moorland hy
red deer and sheep, 1. The impact on heather. J. Appli. Eco. . 1995, 32:177~186.

McEwan 1 K and Willetts B B. Adapration of the nsar-surface wind to the development of sand transport. J. Ffu-
id Mech. , 1993, 252,9%~1135.

Pye K and Tsoar H. Aeolian Sand and Sand Dunes. Cambridge: Cambridge University Press, 1990, 1~43.88~
122-

HARE.ME®. 2 2,5 SR H IR ARERFR. hEE. 1991 11(1),22~29.



http://www.cqvip.com

