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Seasonal differences of energy fluxes among crop and grass ecosystems in

semiarid region of southern Ningxia

ZHANG Xiao-Yu, WANG Lian-Xi, YUAN Hai-Yan (Ningxia Key Laboratory for Meteorological Disaster Prevention and
Reduction, Yinchuan, Ningxia 750002). Acta Ecologica Sinica,2005,25(9):2333~2340.

Abstract : Human activities have dramatically influenced terrestrial ecosystems through altering the surface energy balance in the
atmosphere-land interactions. Understanding the surface energy balance in various vegetation surfaces and ecosystems is
essential for evaluating the impacts of management activities on the succession of natural and anthropogenic ecosystems. In the
semiarid region in Southern Ningxia of China, exranding agricultural and overgrazing grasslands has resulted in degradation of
natural grass ecosystems. Recently, a management policy-crop-to-grassland conversion has been practiced in this area to
prevent deterioration of ecological processes. To understand the effects of this management activity on ecological processes, we
examined microclimate and energy fluxes in four types of ecosystems, including typical grassland (TG), which are grasslands
with regular grazing, grazing-forbidden grassland (GFG), which are grasslands without grazing, semiarid savanna (S5),
which are grasslands with sparse trees, and cropland (CL). The objectives of this study were to (1) examine microclimate
differences in the four crop and grassland ecosystems; (2) quantify each component of surface energy balance (i.e., net
radiation, soil heat flux, sensible heat flux, and latent heat flux) in different ecosystem types and seasons; and (3) evaluate
the benefits of crop-to-grassland conversion in semiarid agricultural area.

This study was conducted in Haiyuan County, Ningxia Hui Autonomous Region, China, located between 1 528~2 600 m
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elevation within 36°2'4" ~36°27'54" N, 105°32" 42" ~105°37'36"E. All microclimatic measurements were collected manually or
automatically once an hour during Spring (April 17~26, 2001), Summer (July 13~22, 2001), Fall (October 15~24, 2001),
and Winter (January 15~24, 2002). We measured net radiation (B) at 1.5 height and soil heat flux (Qs) at 5cm depth. We
also measured air temperature, relative humidity, and wind speed at 0.5, 1.0, 1.5, and 2. 0m in height above the ground.
Using those measurements and Energy Balance method (B=H + LE—Qs), we calculated sensible heat flux () and latent
heat flux (LE). Bowen Ratio (8=H/LE) was also computed to evaluate the features of heat and water vapor transportation in
the four types of ecosystems.

Our results indicated that the magnitudes and diurnal patterns of net radiation, soil heat flux, sensible heat flux, and
latent heat flux were significantly different among typical grassland, grazing-forbidden grassland, semiarid savanna, and
cropland in four typical seasons;

Net radiation had regular diurnal patterns in all seasons. Positive net radiation occurred during the daytime (7:00~18:00)
with maximum up to 700 W/m?*(12:00~14:00), while negative net radiation displayed at night with minimum less than 100
W/m?. The highest daily accumulated net radiation occurred in the summer, and the lowest occurred in the winter. In the
spring » daily accumulated net radiation was larger than that in the fall. Comparing daily accumulated net radiation among the
four types of ecosystems, we found that semiarid savanna had relatively larger daily accumulated net radiation in the spring and
fall seasons and smaller daily accumulated net radiation in the summer than the other three types cropland experienced the
highest daily accumulated net radiation during the summer. Daily accumulated net radiation in typical grassland and semiarid
savanna was negative during winter.

Soil heat flux was ten times less than net radiation. It indicated that up to 90% of net radiatio.n was allocated to sensible
and latent heat flux (i.e., H and LE) rather than soil heat flux. However, the seasonal patterns of soil heat flux determined
daily and annual increase and decrease in soil temperature. For example, in the spring, soil heat flux (90 W/m?) was used to
heat soil surface in the daytime and resulted in an increase in soil temperature; soil heat flux (30 W/m?®) escaped from soil
surface during the nighttime and resulted in decrease in soil temperature. Soil heat flux showed a general seasonal pattern,
which showed the largest in the spring, the second largest in the summer, and the smallest in the winter. In the {our
ecosystem types, typical grassland and grazing-for bidden grassland had similar diurnal patterns of soil heat flux. Semiarid
savanna had smaller values than typical grassland during the nighttime because this type of ecosystem was dominant in the
shaded slopes. It suggested that semiarid savanna experienced less soil temperature fluctuation in a day or in seasons than the
other three types of ecosystem. Comparing the flu;tuation of soil heat flux, we found that the maximum of soil heat flux in the
summer and fall (30~50 W/m?) was significantly lower than that in the spring (90 W/m®). During the winter, heat was
transported from the soil surface, resulting in a decrease in soi1l temperature.

Sensible heat flux showed typical diurnal patterns that had been reported in other semiarid and arid area. Sensible heat
flux weis positive during the daytime but negative during the nighttime. This feature of sensible heat flux significantly differed
from the patterns observed in moist climatic zones, which might have lower positive value or remain negative all day long.
Apparently, moisture conditions controlled the magnitudes and diurnal patterns of sensible heat flux. Because there was
significant variation among the four types of ecosystems, a variety of patterns of sensible heat flux appeared. In the spring.
sensible heat flux was the most important part of surface energy budget and differed in different ecosystem types. For example,
sensible heat flux was 70% ~ 95 % of net radiation in typical grassland and 40% ~ 60% in grazing-forbidden grassland and
semiarid savanna. In the summer, sensible heat flux was still the major distribution of net radiation. In typical grassland, 60 %
~80% of net radiation was contributed to sensible heat flux, and less than 50% of net radiation was contributed to sensible
heat flux in other types of ecosystems. In the fall. the maximum of sensible heat flux occurred at 381 w/m?® in typical
grassland, and cropland had the lowest peak value of sensible heat flux (128 W/m?®) in the four types of ecosystems. In the
winter, there was a strong diurnal pattern in typical grassland. but it was not observable in other ecosystem types.

Latent heat flux indicated that the features of water vapor transport were significantly different in the four ecosystem
types. Compared with the other three types of grasslands, cropland had the greatest upward water vapor transport in the
summer, fall, and winter. The lowest upward water vapor transport occurred in typical grassland. In the daytime of spring,

because semiarid savanna received the most net radiation of the ecosystem types and also had relatively sufficient water
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supplement for evapotranspiration, upward water transport was the greatest in the four ecosystem types with the maximum
283 w/m? in a day and daily accumulated value 3.5 w/m?®. In grazing-forbidden grassland, the most upward water transport
during a day occurred between 9:00~ 12:00 with the maximum 159 w/m® at 11:00 in the morning. Meanwhile, typical
grassland had the lowest upward water transport in the three measured ecosystem types. These three types of ecosystem had
negative latent heat flux, indicating slight water condensation during the spring nighttime. During the summer, cropland had
the largest upward water vapor transport with the maximum 495 W/m®*. Grazing-forbidden grassland and semiarid savanna
displayed similar variations in latent heat flux. Typical grassland had the lowest upward water vapor transport in the four
ecosystem types. During the nighttime, typical grassland did not have water condensation, while water condensation appeared
in the other three types. In the fall daytime, cropland maintained the highest value of latent heat flux, but the value was
significantly lower than that in the summer and close to the value that occurred in the spring. Water condensation appeared
around 19:00 in cropland. Daily accumulated latent heat flux in cropland was the largest in the four types of ecosystem and
followed by those in semiarid savanna, grazing-forbidden grassland, and typical grassland, respectively. In the winter, the
maximum latent heat flux occurred in semiarid savanna with 133 W/m*. Cropland and grazing-forbidden grassland had slight
upward water transport, and typical grassland had almost no upward water transport.

From the Bowen Ratio (8), we found that during the daytime in summer, B ranged from 0.2~0.7, 0. 2~1.0, 0.2~9. 2,
and 1. 5~13.1 in cropland, semiarid savanna, grazing-forbidden, and typical grassland, respectively. These values were much
lower than the values in extremely arid area such as dessert and Gobi area. Compared to cropland, semiarid savanna had a
similar range of B values, whereas typical grassland had a larger B value. It suggests that semiarid savanna did not diiter from
cropland very much from water consumption point of view, but typical grassland consumed much less water than cropland
during the summer. On the other hand, grazing-forbidden grassland covered a larger range of B values than cropland. It
indicates that highly spatial variability and ecological complexity should be considered in this type of ecosystem.

We concluded the practice of crop-to-grassland conversion was important to restore ecological processes and protect
natural resources in semiarid southern Ningxia. This study suggests that crop-to-grassland conversion will help to save water
resources in this semiarid region. Although typical grassland consumes less water than grazing-forbidden grassland and
semiarid savanna during the summer, grazing-forbidden grassland has potential ecological significance in the long term, and
semiarid savanna should be restricted in north-facing slopes with abundant ground water.

Key words :heat flux; latent flux; soil heat flux; crop-to-grassland conversion; energy balance method; grassland;cropland
)

ARESEI UM I ENERFERERMEMESRERE -  BESHEEROMESRAAMERF& X IFM A LTS
STEHRMALARRAEMNERNEMEXREE Y, TEEHLUESEZHTFLEFARAKRHISERK, ST AAREHTIR
b5, TR E B LA (E) S A T E A — P RABRER. AFEXIEEORCR, E R R E A S F
MARHE 4 FFRAUNESRETRET/MKERMAEEEENN, SEEL/NIBEEZRE  KETHARNTRERENEE V&
BRI L BE I 7K OB R A L 20T S TR R 8 T £ /NS AR AT A 2 T 5 IR B AR 3
1 A% ik R0 3
1.1 0 37 b 4L 5L

Wi B kAR REBRITIE KA S ILds (R B ) 88 L (R B ) , B A8 1 Jb 3k GRS AR5 B 0 ) A (31 5 T B 0k 4
A R (A D i TARZ 105°32'42"~105°37'36", db 4 36°12'4"~36°27' 54", W & (6 B L M #E 15km , Z= 79 A1 B Skm , 3034
X# K1 528~2 600m, . HEARFFAE M EBE LM, TR E S E I, TEEFBURBF T MILIKE T E, FREKE 300~
400mm, FFEFHEF 6~8C, WM S THAMBEXEBA PR, WM EFE R BEZ > 1km, FHAESEE FRBHRERE
MERR TREERIE®RT KFENELFFAEREFMINEMH SR ENERNEEEH TSR T . W
HESFRESRENERFIENE 1.

1.2 /NS K 95 Ak 3

HE WS LT BB A /)4 SO0 30 S8 30 A AL X SR 86 B M 5 . AE AU =5 & (2001 £ 4 A 17~26 H) K (2001 4 7
A 13~22 H). Bk (2001 4 10 B 15~24 H). & (2002 &£ 1 B 15~24 B4 HI#E T 87 10d 595 #2000 F 8 K L4 T 88 /Dt
L IRESIN XL . 435046 0.5.1.0.1. 5m 1 2. Oom FALR 4 ERR BHEIN , B MM SFEREA 1. 5m SRR L, RH
B8 M = = T BT AE = 0 TBB-1 B S8 5, IR 2 <5% . + SR B 7E 0.5.10.15.20cm 5 MR, B REHIZEH R T 5em &b

(33!




2336 £ & % #H 25 £

ARER2ABME A HF-1 B RARR RN L BPGER, REE N 0.03~0.05mv. m*/W., & ERWHEE
<0.1C AWM NF 0. Im/s,

2002 4 7 A LLJG , m 4 1L i B /D SR S R A R 1 AEESKREHBEHIL
1 /N AR HY-1 BIRAK/NEERN B sh K288, 85 /Nt Table 1 Basic characteristic in different ecological system
R 1REHE, AHIRBORMTE W EL R AEBE O EEEe
= E 5 AT W& A [H] I?E‘:T\' Typiclal 1 forbidden Semiarid Cropland
%JT:‘H%METWFHTQH Iy i TR AR AE 8, %o 5% okt P fFéf;nd sy W
o G
TT#E&. RESRAT. i B (%) Cover 60 85 95 100
(DERAIBRAEEEZNTER M ERBBEHERTF S 25 (cm)Height 5~15 10~25  30~50  0~65
KRR Z £ ®BEF/m?) 12 18 21 5

(X E NS EERE TN AR EETEBR 0,  Richnes
SF T SRS P SRR TR Y i
FEHEEITHESEBE. BENTAMAEML, B, X% o crop yield on the
SRBEEHGTTREBE . HEITE. ground
2 FiE
2.1 ERMFEEBNEIEERMNITE
BB BT R, R E R A HRR

B=H+ LE — Q, =— pC,K

oT 3
r * gZ - PIJqu 52 _ Qs

AP.BHEEHN(W/m?) ,H RERMBEBE(W/m?),LE EBEHFEEW/m®),K, M K, 3 ARBLHRBABFKEAXLRER

(1)

B (m?*/s), —BBERT K=K, 9 H IR (g/g)g=0. 622 P s L, AKBIRAE R M] /kg) o ABFEE (kg/m*);C, AZ

SEEHH AL C,=1005]/(kg * k)., Q A EHEBRBW/m?), HFRHEBIRES . FEX P.L,.p #HTITIE,. BEEKS
IR RAREEMEBARTE .

L,=2.501 — 2.361 X 107°* X T, (2)
_3.486 P , 293 — 0.006 5 x| %%
T P =101.3 203 (3)
L

AP, T, AZSKBE ;P HBEN (m)FELB XA E kPa); T, EBREK), T, =T — 0.378 j,—d)_l T R# 3R E
(K),e, AEFRKKEE (kPa),
MRUEZTRE M. HE K, UE .

B+ QA
K= 2C,5T + oL.2g (1)
B K RXAKXE .
o B+ Q. Aq IF = B—FQSF (5)
|+ L AT 1+ 22 .48
C, L. " 2q
A, AZ2=27Z,—2,,AT=T, —T,,A9 = q, — q, ,
2.2 HEHXITE
W HGE B AR AR KA B AR, TR PCERB R T R ES
Q = A g—g (6)

AF A NTERRE(w/m- C),

FERF AL (R R B pb ) O 1 38 #0088 W & . R B FAO 4
3 SRSHH
3.1 AEIZFEFTBEXFHTERGF M I RIEETH

AREVHRES N T EICGEREFEANM BT, HEHFEBR(7:00~18:00) K IE, K E FAEE 1), BENEHE
EHFRR,TUEE 700W/m’ £H; BERZ.LFER/N,RE 300 W/m* £H ., LRMERBIFES D —TBR BXEE

MEEMARTITE: AX Q=—0.1B.WH Q=—0.5B,

S




9 5

19035

Z.THEITEHMXAEMNEMASRAEREEENSZTEL

2337

100 W/m? 4 . XEFFEHB 0XHATRAMERHERE. FERETIRANEREHE K-

KA ZET(E 1),

H 2 (B la)ZE P8 o ofn S B B Mo A0V B 5T B IR A MR B AR ), FR B SIS (509 W /m®) B/ T 1 B 3 (589 W/m™) ,
FEAYE B FE R KHEA TR AR o 15 B, Ho iR K

X & BN O i B B b AL

ERFESERTHEEBAE
- EHGE R TR ER . A XRSHEAR o AER

FEAFETFRME-

HEMAR, HE{HE <30 W/m?,

EEZAR THHASESAHEMX S (E 1b) . B X 2 4 Fn 2k 4 2L b 0 % 58 4T H B HLE
FFEE R R 400 W/m? AR, RBERHNA 1200 MUa A FEE K,
ol YT R = R o N

0 R o S Y B b A 5 R O U
HA @S BIRE S AR MY AR E AR ES, R HE DT

{B ik 700 W/m? Ll E, K3

s+ 3, AT

=1

THATH , KEBHE/D . M ERFTESEHRD,
130, EEMRE N AHEN BN EMSESHRSMESHH 8.9.7.3,10. 0 MJ/(m* + d)
Bk 90W/m? A4 . %8+

AL (3 :13:00~14.00 BHE

HEsEs B RAMES S % 11.8.11.8.7.9 MJ/(m? « DFI 12. 5 M]/(m? + &), MEIE AR ERN L EIER BIEAES
CEHGER /D TR EN, X SN ERRKE L.

MBHIEAMR. M EH 7§
KEME IOFERXRTREA
526 W/m?, R E s H /N, K 341 W/m?,
MJ/(m? « )F 5.5 MJ/(m? « &),
A% (F 1) G R 5%

oA R K H SRR S BBy

B0 5 B N K, R v B 5 A

Horatm R, TREEAER FHRARR.

1:00 5:00 9:00 13:0017:00 21:00 25:00

3:00

1000 1000
-~ 800 800
=z
"‘; 600 600
“: 400 400
=
= 200 200
I |
¥E) 0 0

-200 L =200

1:00 5:00 9:00 13:00 17:00 21:00
3:00 7:00 11:00 15:00 19:00 23:00

1000 ¢ 'Y 1000 ¢4
—~ 800 | ﬁé Autumn 00
b=
= 600 - 600 |-
2
< 400 400
= 200 200
i3]
= B ot 0

200 ! 200 -

7:00 11:00 15:00 19:00 23:00
R EY ) Time

EUERE MR E ., R 305 W/m’; B e B&AK, 5 195 W/m",
LA E AR R E R RN R EAIFE 90~ —50 W/m?, R H S E A IR A B S e Al a, B R SR

A8 H—0.9.2.2.—1.3MJ/(m? » dF 1. 5 MJ/ (m?

A7 Winter

1:00 5:00 9:00 13:0017:00 21:00
3:00 7:00 11:00 15:00 19:00 23:00

et [8) Time

B1 AFAZHEXFE T eESMLREGEEEN

- REERET A ERAY - ESEE R SR KX, N
Pk MBI AN R R R AR ES HE g ET SR 4.8.4.3.5. 8

1 S HGE B W LA A B B B K, X 5 PR SR  R R IR R K K
ERERES UM RRKEBH N

e d) B2 (13:00~17:00) 4P H T K

100 5:00 9:00 13:0017:00 21:00 25:00
3:00 7:00 11:00 15:00 19:00 23:00

Fig.1 Comparison of net radiation and soil heat fluxes on a clear day in different season
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Fig. 3 Comparison of latent heat flux on a clear day in different season
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