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Abstract 

In the upper Yellow River valley in a semi-arid region， th巴 surfaceair temperature is high in the 

late afternoon and often peal王ingafter 16:30 local time， and then decreasing rapidly during the grow-

mg season. 

To investigate this characteristic phenomenon， an intensive measurement of the heat budget of bare-soil 

surfaces was carried out at a field in the upper yi巴llowRiver valley in April 2008. Consequently， this 

phenomenon was found to occur at this field in the spring. The wind strengthened in the late afternoon， 

which was a valley breeze， and subsided after suns巴t，meanwhile the sensible heat flux was positive 

and remained considerable until sunset. Furthermore， the specific humidity decreased to minimal values 

when the air temperature approached its maximum for the day. These results suggest that the wind 

caused the vertical transport of the hot and dry air from the upper air advected from the surrounding 

desert， and maintained higher surface air temperatures， along with the large flux of sensible heat in the 

late afternoon. After sunset， however， the radiative cooling dominat巴dthe heat budget of th巴 surface

a汀 layerand the air temperature decreased rapidly 

Key words: Oasis， Semトaridregion， Soil heat flux， Vall巴ybreeze， Yellow River. 

1. Introduction 

Since oases are surrounded by desert， the thermal 

environment in the latter should form a background to 

that in oases within the desert. The Yellow River flows 

through deserts in the northwestern part of China， and 
valleys in semi-arid regions can be consider巴dlong 

strings of oases. A characteristic featur巴ofthe thermal 

environment in the valley is the fact that the surface 

air temperature remains high until late afternoon; 

with the daily maximum peaking after 17:00 local 

time in midsummer， while the surface air temperature 

subsequently decreas巴srapidly (Sahashi and Kobayashi， 

2004; Ikegami et al.， 2005). This phenomenon must be 

related to the thermal environment in the surrounding 
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areas with little water and few plants， or des巴rt.

Kobayashi (2007) speculated that this characteristic 

feature is due to the superiority of the soil heat flux 

in the surface energy budget of the desert; however， 

in this study， we show that the soil heat flux is only 

one of th巴 m司orcauses. 

A tentative observation and an intensive observation 

of the environmental elements near a ground surface 

without vegetation were carried out at an experimental 

field in the upper Yellow River valley (Pingbu experi-

mental field， Fig. 1) (Wang et al.， 2008; Yoshikoshi et 

al.， 2008) in the autumn of 2007 and during the period 

April 22-25， 2008， respectively， and the characteristic 

phenomenon was confirmed as occurring at this field 

in autumn and spring as well. This paper describes the 

results of the intensive observation， and the mechanism 

responsible for this characteristic feature of the thermal 

environment in the valley based on the measurements 
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Fig. 1. Locations of the Pingbu experimental :field 

and the Togtoh experimental field in th巴 upper

Yellow River valley. 

made during the 4-day period in spring 2008. 

2. Site and Instruments 

The experimental :field with an area of one mu (a 

Chin巴seunit of area， 667 m2
) is located at Pingbu vil-

lage (36025.5' N.， 104025.4' E.， 1461 m ASL) ， Baiyin， 

Gansu in the upper Yellow River valley， with mean an-
nual precipitation in this region of238.8 mm (Jingyuan， 

1951-2000). The alluvial valley several kilometers wide 

consists of irrigated :fields and residential districts. 

Fig. 1 shows the locations of th巴Pingbuexp巴rimental

:field and the Togtoh experimental :field wher巴 oneof 

the present authors found this phenomenon several 

years ago (Sahashi and Kobayashi， 2004). The general 

description of th巴 instrumentsused in this observation 

is listed in Table 1. A meteorological pole 6 m high 

was raised in the :field. Th巴 windspeed and direction， 

air temp巴ratureand humidity， solar radiation， and net 

radiation were measured with the sensors mounted 

on the pole， while the soil surface temp巴raturewas 

measured with a radiation thermometer mounted on 

another l-m叩 highpole， and a rain gauge， soil heat 

flow meters， and soil thermometers were also placed in 

the :field. Furth巴r，the sensible heat flux was measured 

using a sonic anemometer.帥 thermometerat a height 

of 3 m. Measurements of the sensible heat flux and 

momentum flux obtained by the eddy correlation 

method were automatically processed by a data logger 

and recorded every 30 min. All the instruments were 

deployed within a 5-m radius. 

During the period April 22-25， 2008， when this 

intensive observation was conducted， crops such 

as wheat and corn were coming into bud in the 

surrounding :fields， although at heights of less than 

sev巴ralcentimeters. 

3. Results 

3.1 Air temperature 

Air temperatur巴wasmeasured at heights of 0.8 m， 

1.8 m， and 4.3 m. Fig. 2 shows their time changes dur-

ing the period April 22-25， 2008. Although snowfall 

with a precipitation depth of less than 2 mm occurred 

in the early morning of April 21， weather conditions 

during the observation period were :fine; the daily mean 

air temperature gradually increased. 

During the observation period， the air temperature 

b巴ganincreasing at around 6:00 BST (Be言ingStandar・d

Time) in the morning， reached th巴 dailymaximum air 

temperature at 17:30-18:00 BST， and thereafter rapidly 
declining. Although the local time at the Pingbu site 

is around one hour behind BST， there was signi:ficant 

T'able 1. General description of the instruments used in this observation. 

Variable Instrument 

Air temperature & humidity VAISALA， HMP50 

Net radiation REBS， Q7.1 

Solar radiation LICOR， LI200 

Wind speed & direction YOUNG，5103 

Soil heat flux REBS， HFT-3 

CAMPBELL， 107 

Soil temperature Type-C thermocouple 

TASCO， THI-700L 

Precipitation CAMPBELL， TE525 

Sensible heat flux YOUNG， 81000 

(Eddy correlation) CAMPBELL， CR23X 
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Sampling & 

Averaging ot 

15 sec & 10 min 

As above 

As above 

As above 

As above 

As above 

10 min cumulative 

0.1 sec & 30 min 

Height & Depth (m) 

1.8， 4.3 

2.8 

2.8 

6.0 

0.005， -0.05， -0.1 

0.012ヲ 0.1， -0.2 

0.002 

0.0 

3.0 
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Solar radiation， net radiation， and soil heat 
flux 

Vehrencamp (1953) observed the soil heat flux at a 

dry lake bed (desert) at El Mirage， California， on June 

10“ 12， 1950. He placed two heat flow meters within 

a :fi巴w feet of each other at depths of 1 and 2 mm， 

respectively. The covering applied to the meter placed 

at a depth of 1 mm consisted of a thick paste of soil 

and water with 12% cement added as a binder. His 

measurements showed that the heat flux at the surface 

(positive downward)， G(O)， reached the daily maximum 

of approximately 180 W m-2 at around 10:30， while 

the net radiation， RN， reached the daily maximum of 

approximately 590 W m-2 at around 12:00. 

In the present observation， three heat flow meters 

were placed within a few tens of centimeters of each 

other at depths ofO.5 cm， 5 cm， and 10 cm， respectively. 

Fig. 5 show the time changes in the heat flux at a depth 

of 0.5 cm a10ng with the solar radiation， Sr， and net 

radiation， RN • If the soil heat flux at a depth of 0.5 cm 

is regarded as G(O) and the local time which is around 

one hour behind BST is considered， the measurements 

made on April 24 are almost the same as those made 

3.4 time lag between the local noon and the peaking of 

the air tempera仰向

3.2 Humidity 

Humidity was measured at heights of 0.8 m， 1.8 m， 

and 4.3 m. Fig. 3 shows the time changes in the specific 

humidity at the three heights during the observation 

period. Here， the following two characteristic features 

should be noted 

(1) The time of the daily minimum specific humidity 

occurred in the lat巴 aft巴rnoon，which approxi-

mately coincided with that of the daily maximum 

arr temperature. 

(2) The vertical gradients of specific humidity in the 

surface air layer were negative and their absolute 

values w巴rerelatively large at night， which implies 

that evaporation occurred during nighttime 

3.3 Wind speed and direction 

Fig. 4 shows the time changes in the wind speed 

and direction during the observation period. On clear 

sunny days， the wind from the northeast strengthened 

in the afternoon， which suggests that the wind blew 

upstream along the Yellow River valley or that the site 

was exposed to the valley breeze. The wind weakened 

after sunset. 
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Fig. 4. Same as Fig. 2， but for wind speed and 
direction. 

4123 12:00 4124 12:00 

Time(BST) 4/2512:00 4/23 12:00 4/24 12:00 

Time(BSη 

Fig. 2. Time changes in air temperature at 0.8 m， 

1.8 m， and 4.3 m during the period 22-25 April 

2008. 
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Fig. 5. Same as Fig. 2， but for solar radiation， Sr， 

net radiation， RN， and soil heat flux at 0.5 cm depth， 

G(O). 

一一 217一一

4/23 12:00 4124 12分。
Time(BST) 

4/2512:曲

Same as Fig. 2， but for specific humidity. 

4/23 12:00 4124 12:00 

Time (BST) 

1.0 

4/2212:曲

Fig.3. 
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by Vehrencamp (1953). Meanwhile， on April 23ラ smce

the field soil was still moist and had low t巴mperatures

due to the snowfall the previous day， G(O) reached 

the daily maximum of about 300 W m-2 and the time 

lag between its peak and the local noon decreased to 

almost zero. Therefore， as the soil dries， it appears that 

the positive (downward) but small巴rG(O) in the late 

afternoon would contribute to the larger s巴nsibleheat 

flux during this time (Kobayashi， 2007). 

3.5 Soil temperature 

Fig. 6 shows the time changes in the soil temperaれue

at depths of 0 cm (surface)， 0.2 cm， 1.2 cm， 10 

cm， and 20 cm during the observation period. The 

surface temperature was measured using a radiation 

thermometer by setting the infrared emissivity at 1 

(brightness temperature). The surface temperature 

decreased down to the freezing point on the morning 

of April 23， although subzero temperatures were 

recorded in the surface air layer， as shown in Fig.2. 

The time of the daily maximum surface temperature 

occurred at around 15:00 BST， which corresponds to 

around 14:00 local tim巴

3.6 Heat budget 

The available energy， RI'G(O)ラ waspartitioned into 

sensible and latent heat fluxes， H(Bo) and ilE(Bo)， 

using the Bowen ratio method， when measurements of 

the air temperature and humidity made at heights of 1.8 

m and 4.3 m were used; the psychrometer constant was 

fixed at 0.55 hPa-K-1 because the air pressure was not 

measured and so the typical value of 846 hPa at 1500 m 

ASL was used. Further， H was independently measured 

by the eddy correlation method， H(EC). Thus， another 

巴stimateof latent heat flux can be obtained from ilE 

(EC)=RN-G(O)-H(EC)， based on the approximation 

that the turbulent fluxes of sensible and latent heat are 
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Fig. 6. Same as Fig. 2， but for soil temperature at 

depths of 0 cm (surface)， 0.2 cm， 1.2 cm， 10 cm， 

and 20 cm. 
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Fig. 7. Same as Fig 2， but for RN-G(O)， H， and ilE. 

Bo and EC in parentheses indicat巴 thatthe fluxes 

W巴r巴 estimatedby the Bowen ratio method and the 

eddy correlation method， respectively. 

independent of height. Fig. 7 shows the time changes 

in the components of the heat budget at the ground 

surface during the observation period. Although H(EC) 

was almost equal to H(Bo) on April 23， the former 

was much smaller than the latter on April 24. Further， 

for these two days， H(Bo) increased from the first to 

the second day in response to the considerable increase 

in RI 'G(O); however， H(EC) exhibited no significant 

change b巴tweenthe two days. Th巴reasonbehind this 

difference is not clear. 

Irrespective of the above， however， the sensible heat 

flux was positive (upward) until sunset， which implies 

that the ground surfac巴 heatedthe atmosphere from its 

base through the daytime. 

4. Discussion and Conclusions 

The air temperature in the layer extending from the 

ground surface to height D rises when the sensible heat 

flux at the surface， H(O)， (positive upward) exceeds 

the sensible heat flux at height D， H(D)， if the effects 

of advection and radiativ<巴 transferon the heat budget 

of the air layer can be neglected. It seems the same 

applies to the surface air layer during the daytime 

when H(O) is positive. The thickness of the surface air 

layer， D， should be of the order of 100 m (Tsukamoto 

et al.， 1992). 

The surface air temperature increased with H(O) in 

the morning. In the afternoon， however， H(O) reached 

its daily maximum soon after the local noon and 

decreased ther<巴after，while the surface air temperature 

continu巴dto increase until slightly before sunset. This 

implies that H(D) decreased more rapidly th叩 H(O)did 

in the afternoon. Further， as mentioned in 3.2 and 3.3， 

the site was exposed to valley breezes， and the specific 

一一 218



狂 Yoshikoshiet al.: A characteristic feature of diurna1 air temperature variation 

humidity decreased in the a食巴rnoonand bottomed out 

at around the time the air temperature was peaking. 

This phenomenon is considered attributab1e to the 

following: 

The oases were capp巴dwith re1ative1y moist and 

coo1 air， which was further covered by dry and hot 

air advected from the surrounding desert (Tsukamoto 

et al.， 1992). Therefore， when valley breezes occurred 

in the afternoon and the dry and hot air was trans-

ported from the upper air by convective mixing， H(fJ) 

decreased or changed its sign; in other words， the 

difference H(O)-H(D) remained positive in the 1ate 

afternoon and the surface air temperature continued 

to increase. However， after sunset， the wind wea~巴ned

and the forced convection subsided. Subsequently， 

the radiative cooling dominated the heat budget of 

the surface air 1ayer and the surface air temperature 

decreased rapid1y. 

Whether or not the surface air temperature increases 

depends on whether or not the difference H(O)-H(D) 

is positive. Since H(O)ニRN-G(O)-AE，the smaller the 

sum G(O)+ AE， the 1arger the difference H(O)-H(fJ). In 

this mann巴巳 thetherma1 environment under the ground 

surface appears to be re1ated to this characteristic 

feature of the diurna1 variation in the surface air 

temperature. This characteristic feature of surface 

air temperature and its re1ation to specific humidity 

were consistent with the observations made at Togtoh 

hundreds of ki10met巴rsdownstream from Pingbu in 

midsummer (Sahashi and Kobayashi， 2004) 

Finally， the evaporation rate during the night is 

briefly mentioned. A1though the gradient of specific 

humidity was negative， its abso1ute va1ue re1ative1y 

1arge， and the evaporation rate not negligib1e for the 

water budget at the ground surface during the night， 

it was smaller than expected because the wind was 

weak. 
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