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Application of a greenhouse air-conditioning method to simulate take-back of

rainfall in an extremely arid area
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1 The Conservation Institute of Dunhuang Academy, Dunhuang 736200, China
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Abstract: A preliminary greenhouse air-conditioning method demonstrates that there is phreatic water evaporation of deeply
buried phreatic water in an extremely arid area. Soil-moisture monitoring shows that most daily fluctuation of moisture in the
shallow soil layer of 0—60 cm enters deeper layers as water vapor; only 2%o of this daily fluctuation water enters the
atmosphere and evaporates. Monitoring of 0—500 cm soil depths shows that during May through October ( the principal rainy
season ) , temperature and absolute humidity in upper soil layers are greater than in lower layers. According to the law of
water vapor migration, moisture moves from regions of higher temperature and humidity to those with lower temperature and
humidity. Thus, in the aforementioned season within an extremely arid area, conditions may be suitable for rainwater vapor
to move downward to the subsoil. This may mean that some rainwater does not evaporate into the atmosphere but penetrates
the earth in such areas, and precipitation is likely the main source of deep soil moisture. This suggests there is no phreatic
water evaporation of deeply buried phreatic water in extremely arid areas. Based on this hypothesis, a closed greenhouse
with air-conditioning system was constructed in the arid area of the Mogao Grottoes in the Gobi Desert. In this greenhouse,
we conducted a simulation recycling experiment of 5-mm precipitation via an air-conditioning condensation method. In this
way, we first traced where rainwater went. Temperature and humidity were controlled by refrigeration and air-conditioning

condensation, which made the temperature and humidity inside the greenhouse approach that of the outside. To understand
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characteristics of rainfall evaporation in extremely arid areas, the quantity of condensation water was monitored daily. We
analyzed temperature and humidity variations, which were monitored by HOBO monitors in the soil, to understand the
rainfall infiltration and evaporation process. This confirmed the ultimate flow direction of precipitation, and whether it
completely evaporated. This approach was used to determine if there was phreatic water evaporation. The results showed that
5 mm of precipitation, which represented 85% of the frequency of precipitation in this area, completely evaporated. The
relative and absolute humidities of the 50 cm above ground within the greenhouse were 12.10% and 3.50 g/m’ greater than
outside it, respectively. These results caused the experimental time to be longer than for actual evaporation. In addition, soil
temperature and humidity monitoring indicated that after water was sprinkled in the greenhouse, soil temperature, relative
humidity and absolute humidity at 30 ¢cm depth were greater by 1.46°C | 4.17% and 2.50 g/m’ than the outside control
respectively. This means that during evaporation, a certain amount of rainfall reached the outside through the greenhouse
side soil, under the greenhouse film. This was another reason why the precipitation evaporation collection time was greatly
extended. The collection time of 90 days may be much longer than the actual time for natural evaporation, but it confirmed
the effectiveness of the rainfall recycling experiment. After complete take-back of all the simulated rainwater, soil moisture
did not decline, but increased. The phreatic evaporation speed also increased, which means that precipitation pulsation has
a certain control on evaporation of the phreatic water. It was demonstrated that there is phreatic evaporation, and soil water

was supplemented by this water. Groundwater-Soil-Plant-Atmosphere Continuum ( GSPAC) movement was upward, and the

precipitation could completely evaporate.

Key Words: precipitation; extremely arid area; phreatic water evaporation
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10 HZEWA S A W2 B4 KR B2 78 22 i) 13
HRTRIK G, 2R BIK AR T AR,

RZ N E K& 2 B AL R, A7 A
Peh' M s IR b P 3h, A 4, X Fh
W ol 3R AR B, BB R K I TE
TEMERESER, HRERBHES T, LR
FETF R, G5 A KA o R BOK IR KRR 4 £ 18] iR
MBEEARE N RER K ERRERAL, 2R
MR R KR BB B R AR FE LR il T 1)
TUKGE: R 28 & K 4. 0—60 em 1 9.27 mm AY/K 5>
SRR B AR T ROk AR, RS S
Hrfe AR RUEE (B 5) b BRIZ KA I 3 5 1% )2 1

H R 5E A

M5 mm B EICE K IG Z I TR
o R FE R, 78 K KR A R A3 R T RS, AEER
AGE LK H B sh K A IRZ R I ASZE L 1S
{50, 3 AT DG 7K A0 499 A5 KA el e AT DAGIE A, 2009
FEANTRSA AH A 6.0 g/m’ , — H ik T 50 cm
TEERRE (E 1), 2FE R RSKS EARZ
AT RE ; VR B WK 0 R EE K VR S R TR
RARIRR) K HE A, X% T 55 5 i A SC R ok
Ui, B AT TS5 7K A BN BN g AR AS I 3
iy AT E R S N AP BNy N PN E NN ES GO R
IR ZE S 32 BR300 HG AR T N 7K VR, Xt
TG S P AN R JE SR, Rk, B AR B K
URHR P /K 2% & 10 58 o i 52 X SC i AR 3
BE KR4 HEE L,

4 it

B - R AT 5 mm KB SE 5 IE
B, B T SR IX G BT i 85% 40K K 5 mm AT /K REAS
SEAZERK il A MBS R T e i, +
S DA VIR A0 SR BT M PN O 0 R A R R B
(47K 43308 3 0 B 300 2 A 1) 3 s 380 T A A 48 fef
TR ZE 2 NS ] 4, S 364 A5k BH R K IR 2=
KA ZE R B — 5 SEH ., TR
H itk gy, 5 45 AT R Kl e /K PR atE A 3B 2 (H 52 50
HEBR TR IR R “ A WRIEANREZR K AT RE
AR RUE I T I g 5 i 3 s <8 8 AR R i
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TREAKIRIIEA o fifi s SR R 5L 7046 5 10
AZWAAS A, L0 2 008 BB AL, 4 F sk
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BIXAAAERKIE R, K B 2K K, FElRTRIX
SR A EIN R GSPAC 7] B %, WK 28 K fdi
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RZHA 5 2 . BRI K 1] Lz 5% A B e 7E R
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