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Soil heat and response of vegetation growth in the loess hilly and gully region.
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Abstract: An energy balance was simulated under Robinia pseudoacacia woodlands, Quercus liaotungensis woodlands,
grasslands and farmland with CoupModel in the Yangou Catchment of the hilly and gully region of the Loess Plateau. The
impact of vegetation on latent heat flux, sensible heat flux and soil heat flux in sample-plots were studied. The results
showed that latent heat fluxes in woodlands and grasslands were higher than in farmland, and the majority of energy released
was by latent heat flux accounting for 72. 1% — 81. 4% of total net radiation. The changes in latent heat flux in all
experimental plots were similar, revealing peak values between July to August and minimum values between November and
the following April. Energy released by sensible heat flux accounted for 16.4% —26.4% of net radiation, and sensible heat

fluxes peaked between April and May and saw minimums between August and September. Soil heat flux accounted for only
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1.4% —2.4% of net radiation, but had a direct effect on the timing and speed of soil temperature changes. The change of
soil temperature showed a unimodel curve for all experimental plots. Soil temperature rose from February to July and
decreased from August to January. Soil temperature went down gradually with soil depth from February to September and
increased with soil depth from October to the following January. The average annual amplitude of soil temperature down to a
20cm depth in north-facing slopes decreased in the following order: farmland, grassland, Q. liaotungensis woodland, R.
pseudoacacia woodland. On south-facing slopes, the amplitude in temperature decreased in the order of grassland, R.
pseudoacacia woodland and Q. liaotungensis woodland. Vegetation growth was apparently affected by soil temperature. The
date of leafing in grassland and R. pseudoacacia woodland on south-facing slopes occurred 1 week earlier than the same
treatments in north-facing slopes as well as Q. liaotungensis woodland on the south-facing slope. Leafing in grassland and
R. pseudoacacia woodland on south-facing slopes also preceded leaf out in Q. liaotungensis woodland on the north-facing

slope by 12 days.

Key Words: loess hilly and gully region; soil heat; soil heat flux; response of vegetation growth
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TR0 b 06 7E e b 4 22 T R BP A . PR ILE T A 46. 88 km®, i F N36°28’ ~36°32',E109°20" ~
109°35', B H# + F R LR 181X, 2L R R F, A% 4.8 km-km ~°, +3E{E M
%6 000 ~9 000 t-km *a™' HSREEKFFARIAIK . HiiskAb T B2 IR HF 2380 M 1) 2 T R P
ZEFIHEKE N 558.4 mm, XK JE9.8 C, =10 CFHIE 3268 C, 4 H BAE2 472 h, TFEHAZ 170 d,
MAERFCNE L, HIEUBER L RHE, (§90% L. MBATERFHRRRENRERREASR 10% , G A
TR FE Sy 4 ( Robinia pseucdoacacia) F74%( Caragana Korshinskii) , 3k £ 2R3 5 ( Malus pumila) '

FUBBAR R 2 X fx 32 2 BN AR 8, 130 ORI AR AR Dy 1979 ~ 1980 4E384H, JG @t Al K. RARL AR
(Quercus liaotungensis) Hk Ky 25 B LA F 5 UMK, AR T HEARA KRR M AR B o B 0N RAR A AE B
%, #2006 FEFPHE D E (Solanum tuberosum L. ) ,2007 FEFPHE AT (Setaria italica L. ) , H IR R HEH
2 HARFAE
2.1 FrAEhiAr

P T R, 73702 PR RIBRAR | BHSBRIBRAR | B3 L AR BRPK BRI SG ZR AObR | BH 38 7 Bt | B 3 37
AL, 3 2006 45 5 H 27 HFF 4R 2007 4F 10 A 31 HEEH , BRI B 2 Pebnikih (bt 20
m x 20 m, HA#AE 10 m x 10 m) R F B EAE T ERAERREAEL (R,

2.2 ORI E KU s
2.2.1 BHER

TE B A H S R AR B b & 2% 1 & 36 [E Davis AUER B4 2 B A2 7 18 #5 20 /N Bl (Vantage
Pro Weather Station) , 7% 22 W10 5% IR SOHs AHXH BE KGR (R 7K R BHAR 5, RGE ORI 155 B2 2 m, HoAh 2
R RER 1.5 mo NSAEIELED ) BT SRR ES R I BHR H1T TALE . /N AB sl R K 2 LI &
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Table 1 The basic conditions of experimental plots

Wk FH 3k B3k FH 3k B3k FH 3k 55572 A
k- MR WM IRER DRI ERm Jen Farnland
P RWSS RWNS QWSS QWNS GSS GNS
#§3K Elevation(m) 1195 1195 1317 1323 1195 1195 1235
i Slope gradient(°) 34 25 21 23 34 17 24
W [) Aspect(°®) 130 70 120 320 130 70 80
25 Latitude N36°30" N36°30" N36°28" N36°28" N36°30” N36°30” N36°30"
Z ¥ Longitude E109°30” E109°30” E109°34” E109°34” E109°30” E109°30” E109°30”
1 Height(m) 6.91 11.85 6.07 6.83 - - -
4% DBH(cm) 10.16 14.02 18.83 21.75 - - -
B (Bk ~hm?) 25400 (H#4%)
Density ( Plant-hm ~2) 200 1025 931 %81 - N 300000 (&F)
AHHUTEEE (cm)
Organic thickness 0.8 2.2 2.4 3.5 0 1.0 0
TR .

MERRA ek g SO FLB B

R AT Bk ik B BT MREEF.  RAMAT F ARFTE

R HHT o TR TR M. o

FEREYFL e F B4, TA&. LBk o BTN TLERB(2006 4F)
. . (16310 e EZ NS I S i3 ~
Main plant species - BRATH 38 HF AT FOIBCF A (2007 48)
S 9N MILEF. FEE
[T 7 A N iL 5 3 o e B0 BB
[l a3 R, e BRFFE IR BESRLIKESE s
wgeH et i 7505

PR HIBEAK : R. pseudoacacia woodland in south-facing slope( RWSS) ; B3 #il#ibk : R. pseudoacacia woodland in north-facing slope( RWNS) ; FH3k
ILHRMEbK: Q. Liaotungensis woodland in south-facing slope( QWSS) 5 B3iT ZRMEA : Q. liaotungensis woodland in north-facing slope( QWNS) ; FH3i iz
b Grassland in south-facing slope( GSS) ; 37 B H Grassland in north-facing slope( GNS) ;15 | Sophora davidii ; K14l Periploca sepium Bge ; #2233
Clematis heracleifolia ; 575 Artemisia sacrorum ; 38 1 Artemisia giraldii Pamp. ; | 72 HE Stipa bungeana Trin. ; %850 Aster tataricus; Zs B 3% Potentilla
chinensis ; # H|MF Rosa wanthina Lindl; $76 Y63k Viburnum dilatatum; 4T Rosa pungens Camb; B %% Vitis amurensis Rupr. ; faF 2 Cleistogenes
Chinensis; B35 1% Flos Chrysanthemi Indici ; FEkE T Ostryopsis davidiana Decaisne; T % Syzygium aromaticum; \L\bk Prunus davidiana; & Cotoneaster
horizontalis; A G52 % Spiraea chinensis Maxim s /NH-45%8 )L, Caragana microphylla Lam; 814 T Lespedeza bicolor Turcz. 3 & # Carex tristachya; vk
Agropyron cristatum ; 7 HLIFUR BEHEABLE I R HTUZ SR EE

2.2.2 +HERE

1E 7 it R A BOIRR 1 B (AFE IR ER MR R R EMIRR RERBER) , 18
TELBE I 8 TR BE 43 311 0.5.10.,15 . 20em, £ K 8:00,14:00,20 :00 XRI , 3h 3 A% 5 =g b R (X AE 20:00 S8
1%, 0.5.10cm iR #% 4 WWMEFH5E B &1, AR FYETE HFE,2:00 Ocm iR 1/2( 4 H iy
FIRARHIR + BT —XK 20:00 AYHbFIREE) K47 ,2:00 Sem . 10em 3R 51531 8:00 AR, HAhi iRz 3
UORMAE R B &1, HEARFEEHE B F¥ME,
2.2.3 BEHRBRCTERGEE

CoupModel ( Coupled heat and mass transfer model for soil-plant-atmosphere system ) J&—/~5 F B0 A FH- 250K
PUE IE ) — 4 T IR-AE - R AL HIAR T (SVAT-models ) , 322 FRA 13- P- R IRGK AL B FIR A
W AE R o AR SCR VI ) SR BAEEK 3 CoupModel #EEY, BE4DL T 7 Fhifi26 2006 455 H 27 H ~2007 4 10
31 H R R IR GE B, I I E B9 TR B X B S BGHAT TR, WSS R BEAT T RIE, B
T PR R AR I AR P I T =47V 1 Jansson %1%
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Fig. 1 The daily total latent heat flux in experimental plots
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Fig. 2 The seasonal changes of latent heat, sensible heat and heat flux to the soil in experimental plots
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Fig. 4 The daily heat flux to the soil in experimental plots
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Fig. 5 The seasonal prevalence of soil temperature and cumulative heat flux to soil in experimental plots
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Fig. 6 The daily soil surface temperature in experimental plots
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Fig. 7 The seasonal changes of mean soil temperature from 0 to 20cm depth in experimental plots
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Table 2 The annual amplitude of soil temperature in experiment plots
Ocm 10cm 20cm
2% RIE RS RE RE o mE mE o
X Annual X Annual X Annual
Land type Min. Max. litud Min. Max. litud Min. Max. litud
amplitude amplitude amplitude
C C C C C C
(v v AT o AT o o TR
BH3% IR AK RWSS -5.98 34.45 40.43 -4.87 31.13 36.00 -4.06 30.56 34.62
BH3 A AR RWNS -6.46 30.20 36.66 -5.36 24.85 30.21 -4.37 24.07 28.44
PBHIE T ZRERAK QWSS -6.26 32.37 38.63 -5.22 27.70 32.92 -4.29 24.58 28.87
BHE T ZEARAK QWNS -8.42 28.48 36.90 -6.11 23.05 29.16 -5.59 22.79 28.38
PBHIEFE R Hb GSS -6.04 37.42 43.46 -5.09 33.42 38.51 -4.12 32.33 36.45
A FE B GNS -7.71 32.20 39.91 -5.76 27.33 33.09 -4.98 26.80 31.78
A, Farmland -8.37 33.03 41.40 -5.87 30.77 36.64 -5.47 29.80 35.27

I3 2 ANXER H AR GO a0t 3R BE AR AR MR AN o 0,10 ,20em I 3R BEAF AR W 7R BRI , A 3b > B
FE L > BT ARPRAR L > BASSORIBR A ; 75 FHIE, PHIE TR R > FHIRIBR AR > BHE AR . BAS £
SRR — R TR, RS R OR, FHR MR X818, LR AR AL R BE B/, (R, 0,10, 200m ¥R £
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/I, BT ARE R DRIBE 380, % 3028 + R B2 B4R AC IR B sy , 2 R B R IE BN TR Z . ik +
BEIR B Y AE AR IR 2 Ry 36. 66 ~43.46°C ,10em &Ky 29. 16 ~38.51°C ,20cm I Ky 28.38 ~36.45C
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AR BA3SSTERE A 3 (B3 ) 0 ~20cm 3538 BE R E 5°C LA L FyBsf 8] L BB AR AR B 35 Se B st R 1 J
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DK TEH L EBRIX, 1 3 73 5L AR PR R B ZE AR , 3R B BH 35 Se % 3t 1 B SBRUAR b > B3
Fre B > FASSORABAR R AR AR A , 398 2 O B8 A 7 i B 358 7 e st R FESBORUBAR 3t > BH ST B > BRI3S
P AL AR AR . A3 N T 30K 7 BT AR , Bulb /b IR MK &, S BRI LR &K E B E R TH
B, TR A R R E UK AR R RETY A+ R R SRR R R
BEMRAG FERIARA , T S35 R AR b U B2 A ARG SEAR A B G 2 A 5 F 355 e 3t O OB K 8 2 T g A DA B
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VAT EER IR, AR AR KR T OO , £90K R T A SE B R
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B 16 F (R 1) o Hitk, HEO T3 E i me B 32 2R BRIEAE Y P2 B9 0 A7 22 57 AR 55 0 ThT , T 9
Ay B X AR K 0 32 B A —Fh 3 [RI W
4 #Hit

(1) WHGEE R R T e X TR R IR R K BRI, 5 SR AT ) 72. 1% ~81.4% ; Bk
BRI, &SR 16.4% ~26.4% ; T 3HGE BALS SRR 1.4% ~2.8% , A2 HIB-HEH-RRAR
GeRE R A 32 2 S I, {H R ) R B P A BRI (]

(2) 15 3t 45 328 PR BE A R AR Il B A B MR, 2 ~7 A6y, & #3E0 ~20em T3RAFH
IR BE X BE RAR LA PGE B I KT ,9 A ZBAE 1 A4y 0 ~20em 398 - 3453 B2 Fill 3R AR - e Pl 2 ek
/N REAR , 3R B B2 (R AT T R LR GE B 1 A LA

(3) i A 3 o IR L T AR bR S B B e 40 20,2 ~7 A THE R B, 8 A B4 1 A
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