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A B S T R A C T  

By utilizing the data observed at Dunhuang during August and September 2000 in tile "Fieht Experi- 
ment on Interaction between Land and Atmosphere in the ArM Region of Northwest China (FEILARNC)", 
the characteristics of tile soil moisture, temperature, and atmospheric humidity are analyzed. It is found 
that the thickness of the soil temperature active layer is about 5 ern and much thinner than is typical, 
that not only the atmospheric humidity gradient is often inverted but also the soil moisture gradient in 
the shallow layer in the Gobi near oasis, that the diurnal variation of soil moisture can be divided into the 
four stages that are called the wet stage, the losing-water stage, the dry stage, and the attaining-water 
stage. It is shown that in soil moisture profiles, the depth of the soil moisture active layer is about 10 cm 
and soil moisture inversion is the main feature in the shallow layer during the wet stage. Such a feature 
as soil moisture inversion indicates that soil in the shallow layer can inhale moisture from the air through 
condensation in the nighttime and exhale moisture to the air through evaporation in the daytime. The 
condensation and evaporation constitute together the full respiration process of moisture on the ground. 
The formation of soil moisture inversion is related with the state of soil temperature and moisture, the 
intensity of atmospheric humidity inversion, and the atmospheric thermodynamic stability. 

K e y  words:  Gobi, soil active layer, atmosphere specific humidity inversion, soil moisture inversion, res- 
piration 

1. I n t r o d u c t i o n  

Such a wide desert or Gobi interspersed with many  
small oases of different shapes is the main geomorpho- 
logic feature in the arid region of Northwest China 
(Cheng et al., 1999). I ts  land surface process is much 
more complex than  in other regions (L ine t  al., 2002). 
Though oasis and desert are two extreme opposite 
ecosystems, they forever remain a pair of coexisting 
ecosystems. The  effect of the antagonism and interac- 
t ion between them not only forms a balanced ecologi- 
cal distr ibution but  also reflects a dynamic tendency of 
desertification and oasisification in the natural  world. 
In interaction between oasis and desert, exchange of 
energy and mat ter ,  especially heat  and water, is dom- 
inant. In a word, the mian effect of desert on oasis 
is the rmodynamic  forcing, but  the main effect of oa- 
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sis on desert is to influence and modify soil moisture 
and atmospheric  humidi ty (Zhang and Wang, 1994). 
Thermodynamic  forcing by the desert forms the "Cold 
Island Effect" whose key characteristic is the existence 
of an inversion in the a tmosphere  over the oasis (Su 
and Hu, 1987; Hu, 1987; Zhang et al., 1992) and the in- 
fluence of oasis on desert or Gobi near it results in the 
frequent occurrence of a specific humidi ty inversion in 
the atmospheric  surface layer over desert or Gobi (Hu 
et al., 1992; Wang Yasushi, 1991; Zhang and Zhao, 
1999). 

At present, it has been found that  the oasis's "Gold 
Island Effect" can restrain surface evaporat ion and de- 
crease moisture dissipation caused by atmospheric tur- 
bulent mixing (Zhang et al., 1998; Zhang et al., 2000). 
But  it has not been clear how humidity specific in- 
version in the atmospheric  surface layer over desert 
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Fig. 1. The sketch map of geographic location and envi- 
ronment of Dunhuang Gobi observational station. 

or Gobi near oasis modifies soil moisture and temper- 
ature structure, affects further the hydrological cycle 
between land and atmosphere, or contributes to eco- 
logical processes. It has been continually inferred by 
these authors tha t  there might be a process of "res- 
piration" of moisture on the ground, namely inhal- 
ing moisture from the air through condensation in the 
nighttime and exhaling moisture to the air through 
evaporation in the daytime, on soil in the desert or 
Gobi near oasis (Zhang and Zhao, 1999; Zhang et al., 
1998). But the inference has not been confirmed and 
on some key aspects such as essential characteristics 
of the respiration process and conditions to form it we 
are still lacking a thorough understanding. 

It is not only an issue of land surface processes in 
the general sense but  also an issue of the influences on 
the microclimate and ecological maintenance mecha- 
nism in the Gobi or desert areas near oasis in the 
especially important  sense that  the atmospheric hu- 
midity, soil moisture, and moisture transfer process 
are modified by the Oasis Effect. And this is closely 
related with the maintenance and degeneration of the 
oasis system and h ~  a widely ecological and econom- 
ical importance. 

2. F i e ld  e x p e r i m e n t  a n d  r e s e a r c h  m e t h o d  

The data  were observed in one of the three sta- 
tions in Dunhuang County in Gansu Province, which 
fall into observational stations in the "Field Observa- 
tional Experiment on Land-Atmosphere Interaction in 
the Arid Region of Northwestern China" (Zhang et al., 
2002a, b). The  micrometeorological and soil physical 

variables observed in Gobi are mainly analyzed. Con- 
sidering the representation and quality of the data, 
the data  tha t  are observed after adding soil moisture 
sensors and during August and September 2000 are 
intentionally selected for this study. 

The micrometeorological station in which the data  
analyzed in this paper were observed is si tuated at 
40~ and 94~ with an elevation of 1150 m 
above sea level, in the Shuangdunzi Gobi to the west 
of Dunhuang oasis, with the nearest distance of about  
7 km to the edge of Dunhuang oasis. Its field is even 
and pebbly Gobi. The sketch map of its geographic 
location and environment is shown in Fig. 1. 

Concerning the characteristics of climate, the Dun- 
huang region is arid and it rarely rains: its mean an- 
nual precipitation is about  39 mm but  the mean annual 
potential  evaporation is about  3400 ram, and its soil is 
extremely dry. In the region, the diurnal surface tem- 
perature  range is very large (the maximum daily range 
is close to 60~ and the recorded maximum surface 
temperature  is 43.6~ and the minimum is -28.5~ 
Also, cloud is rare, and solar radiation and sunshine 
are strong enough to keep such a long frost-free period 
as 178 days. There, strong wind and dust storms occur 
frequently. On account of the basin terrain there, the 
prevailing large-scale west wind is barred and returns 
in Anxi county to the west of this region, so its main 
wind direction is east, generally occuring with a fre- 
quency of more than 50o/0. These properties make the 
atmosphere over the observational site greatly affected 
by the Dunhuang oasis. 

At the station, wind, temperature,  and humidity 
of the atmosphere are observed at the four levels of 1, 
2, 8, and 18 m high on a tower, soil temperatures  are 
observed at the six levels of 5, 10, 20, 40, 80, and 180 
cm deep, and soil moistures are observed at the four 
levels of 5, 10, 20, and 80 cm deep. The soil moisture 
is measured by a T D T  soil moisture hygrometer made 
in America, whose calibrated accuracy is about  1%. 
The observational accuracy of the gradients of wind, 
temperature,  and humidity of the atmosphere is un- 
der 0.01% after correction through a comparison with 
observation in the field. The accuracy of other instru- 
ments is introduced in the references (Zhang and Hu, 
1992; Wang et al., 1992). The times reported in this 
s tudy are in the local t ime of Dunhuang city. 

3. Analyses of  results 

3.1 E v i d e n c e  o n  " R e s p i r a t i o n "  o f  m o i s t u r e  o n  
the s u r f a c e  

In Fig. 2, profiles of atmospheric and soil tem- 
perature  and a magnified profile of soil temperature  
0-20 cm deep on a typical clear August day over the 
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Fig. 2. (a) Characteristics of profiles of the atmospheric and soil temt)crature and (b) the magnified profiles of 
soil temperature 0 20 cm deep on 20 Augst 2000 (a typical clear day) in the Dunhuang Gobi. 

Dunhuang Gobi are given. Panel (a) shows that  there 
is almost no signal of the daily temperature  cycle in the 
soil deeper than 40 cm, and the depth is much thinner 
than that  of damp soil (Stull, 1991). The shapes of 
the temperature  profiles are basically in accord with 
those of the general soil, except for a more protrusion 
towards high temperature  in the soil surface in the 
daytime. Panel (b) shows more clearly that  vertical 
variation of soil temperature  occurs mainly in the layer 
shallower than 5 em and the temperature  variation of 
soil deeper than 5 cm is very small. This indicates 
that  the thickness of the soil temperature  active layer 
is about 5 em, only about one fourth of the general 
one (Stull, 1991). The  thinner soil temperature  active 
layer relies on a smaller soil heat diffusivity in desert 
or Gobi (Stull, 1991). The heat diffusivity in the Dun- 
huang Gobi is less than one third of that  of sandy clay 
with 15% moisture (Hu et al., 1990), so it is no wonder 
that  the thickness of the soil heat active layer in the 
Dunhuang Gobi is only one quarter of the general one. 

In Fig. 3, the diurnal variation of soil moisture at 
four levels and atmospheric specific humidity at four 
levels are given for the period from 22 23 August 2000. 
The figure shows that  an evident daily cycle of soil 
moisture occurs only at the level of 5 cm deep, tha t  
soil moisture at 10 cm deep decreases slightly but  con- 
tinuously and its diurnal cycle is not obvious, and that  
change of soil moisture at the deeper two levels is invis- 
ible. They  indicate together tha t  the upper boundary 

of soil is affected both by solar heating and by atmo- 
spheric processes. In general, in ease of no precipita- 
tion, soil moisture in the active layer should decrease 
gradually hour by hour due to evaporation, but the 
change of soil moisture at the level of 5 em deep still 
shows a distinct diurnal cycle. This means that  soil 
water in the shallow layer may be supplied by some 
systematic sources other than precipitation. Thus, it 
is probable that soil in the shallow layer obtains mois- 
ture from the air by condensation or by transfer from 
the deeper soil layer (Zhang and Hu, 1997a; Zhang 
et al., 2002c). And the fact that the supplement of 
soil water at 5 em deep is still maintained even if its 
moisture is bigger than that  of the deeper soil layer fur- 
ther shows that  the water supplement in the shallow 
layer mainly comes by inhaling atmospheric moisture 
through the upper soil boundary. The slight but con- 
tinuous decrease of soil moisture at the levels of 10 cm 
deep and 5 cm deep shows the water complemented by 
inhalation from air cannot fully offset the water loss 
caused by evaporation. Hence, to be exact, were there 
no supplement of precipitation, the variation of soil 
moisture in the shallow layer should actually exhibit a 
diurnal cycle with a gradually decreasing amplitude. 

Furthermore, the diurnal variation of soil moisture 
at a depth of 5 cm shows tha t  the diurnal variation 
of soil in the shallow layer can be divided into four 
stages tha t  are respectively called a wet stage (0100- 
0600 LST), a losing-water stage (0700-1100 LST), a 
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Fig. 3. (a) The diurnal variation of soil moisture at four levels and (b) atmospheric specific humidity at four levels 
during the period 22-23 August 2003. 

dry stage (1200-1800 LST), and an attaining-water 
stage (1900-2400 LST). During the first stage soil is al- 
ways wetter, during the second stage soil moisture falls 
obviously, during the third stage soil is often drier, and 
during the fourth stage soil moisture gradually rises. 
The diurnal variation of atmospheric specific humid- 
ity, which is given in Fig. 3b, however, is not the same 
as that of soil moisture and its fluctuation is weaker. 
This shows that atmospheric humidity is affected by 
some factors more complicated than those affecting soil 
moisture, namely many factors without a clear diurnal 
cycle such as the atmospheric dynamic field. 

The four stages constitute a full diurnal cyclic pro- 
cess. If the process in which soil attains moisture from 
the air through condensation during the wet stage is 
called "inhalation" the process in which soil releases 
vapor to the air through evaporation during the dry 
stage is called "exhalation", and the other two stages 
are called transitional periods between "inhalation" 
and "exhalation", then a full diurnal cycle of soil mois- 
ture is equivalent to a full respiration process of mois- 
turebetween the active soil layer and the atmospheric 
surface layer. Such a respiration process was initially 
guessed at with insufficient evidence (Zhang and Zhao, 
1999; Zhang and Hu, 1997b). The guess is preliminar- 
ily confirmed by the diurnal variation process of soil 
moisture given in this paper. 

In Fig. 4, four groups of soil moisture profiles in 
the Dunhuang Gobi on a typical clear August day re- 
spectively in the four stages are given. During the four 
stages, clearly, the four groups of soil moisture profiles 
have respectively different characteristics: 

(1) During the wet stage, the shapes of the soil 
moisture profiles are similar to each other and there is 
soil moisture inversion in the shallow layer. The cause 

of the soil moisture inversion must be that the soil 
obtains moisture from the atmospheric surface layer, 
namely the atmospheric surface layer is one of the 
sources of soil moisture. Under the conditions of a 
clear sky, no irrigation, and no surface runoff, inhaling 
moisture from air by condensation at night is the ex- 
clusive way that Gobi or desert soil obtains moisture 
and makes soil wetter in the shallow layer. 

(2) During the losing-water stage, soil moisture in- 
version gradually disappears and changes into an up- 
ward decrease of soil moisture. In this stage, soil mois- 
ture is mainly controlled through evaporation, and the 
disappearance of soil moisture inversion is just caused 
by exhaling moisture in the shallow layer through 
evaporation. 

(3) During the dry stage, soil moisture profiles 
change very little and basically keep an upward de- 
crease of soil moisture. This means that soil neither 
loses nor attains moisture and that no moisture in the 
shallow layer can be provided for evaporation. 

(4) During the attaining-water stage, on account 
of inhaling moisture into the soil from the atmosphere 
through condensation, soil moisture in the shallow 
layer gradually increases and the more shallow the soil 
layer is the greater increase is, and the upward de- 
creases of soil moisture gradually change into a mois- 
ture inversion in the shallow layer. 

According to synthetic characteristics of soil mois- 
ture profiles during the four stages, it can be deduced 
that the vertical variation of soil moisture is great 
mainly in .the shallow layer thinner than 10 cm and 
that soil moisture in the deeper soil layer basically 
does not vary. This clearly show that the soil mois- 
ture active layer is about 10 cm thick. 

In Fig. 5, four groups of profiles of atmospheric 
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Fig. 4. Four groups of profiles of soil moisture during (a) the wet stage, (b) the losing-water stage, (c) the 
dry stage, and (d) the attaining-water stage in the Dunhuang Gobi on 22 August 2000 (a typical clear day). 

specific humidity respectively, during four different 
stages in a diurnal cycle of soil moisture over Dun- 
huang Gobi on 22 August 2000 (a typical clear day) 
are given. Although the four groups of profiles always 
keep a specific humidity inversion, there are some dif- 

ferences among their characteristics. In past studies 
(Zhang and Zhao, 1999; Zhang et al., 1998), it is pre- 
liminarily shown tha t  t ransport  and diffusion of moist 
air over oasis will result in the formation of an atmo- 
spheric humidity inversion over Gobi or desert near 
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Fig. 5. Four groups of profiles of atmospheric specific humidity respectively during (a) the wet stage, (b) the 
losing-water stage, (c) dry stage, and (d) the attaining-water stage over the Dunhuang Gobi on 22 August 
2000 (a typical clear day). 

the oasis. During the wet stage and the attaining- 
water stage, evaporation is weak and atmospheric hu- 
midity in the surface layer is chiefly affected by va- 
por advection from the oasis, so the specific humidity 
inversion of the atmosphere is stronger and thicker. 
During the losing-water stage and the dry stage, evap- 
oration is outstanding, and air humidity in the surface 
layer is jointly controlled by evaporation and vapor 
advection, so the specific humidity inversion of the at- 

mosphere is weaker and thinner, and even disappears. 
Thus, it can be affirmed that  a very strong downward 
water potential  gradient is formed because the specific 
humidity inversion of the atmosphere during the wet 
stage and the attaining-water stage is stable and deep. 
This is an important  physical base to support  the in- 
halation of moisture by the soil from the atmosphere 
through condensation during the stages. 

Therefore, the respiration process of moisture on 
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Fig. 6. Comparison of diurnal variations of (a) soil moisture inversion (b), soil surface temperature, (c) 
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Gobi on 22-23 August 2000. 

the ground in desert and Gobi near oasis is an efficient 
way of reutilizing water  vapor  transferred from oasis 
and it can support  a much stronger maintenance capa- 
bility of the ecological communi ty  and microclimatic 
s ta te  than  under the condition of natural  precipita- 
tion, and forms an ecological protection zone of the 
oasis system. Tha t  is to say, the respiration process of 
moisture on the ground may have significant ecological 
value. 

3.2 Conditions for  "respiration" of moisture 

The formation of "respiration" of moisture on the 
ground in Gobi or desert near  oasis depends on some 
objective conditions. A downward water  potent ial  of 
a tmosphere in the surface layer, namely a ground- 
hugging specific humidi ty inversion of the atmosphere,  
is indispensable for "respiration" of moisture on the 

. surface. At the same time, a low enough surface soil 
t empera tu re  to reach the condition of condensation is 
required while inhaling moisture.  In addition, stable 
atmospheric stratification is required to mainta in  the 

state that water vapor masses near the ground rather 

than diffuses into the upper atmosphere. In Fig. 6, a 
comparison of diurnal variations of (a) soil moisture 

inversion, (b) soil surface temperature (c), tempera- 
ture gradient in the atmospheric surface layer (denot- 

ing stability) and (d) moisture gradient in the atmo- 
spheric surface layer (denoting atmospheric humidity 

inversion) over the Dunhuang Gobi on 22-23 August 

2000 is given. It shows that the strongest soil moisture 

inversion and the lowest surface temperature occur al- 
most at one time. This means that temperature is 

a critical factor in the condensation of water vapor. 

And the stronger soil moisture inversion and the most 

stable atmospheric stratification occur almost at one 
time. This means that atmospheric stratification is 

also very important for condensation because it makes 
for high air moisture content near the ground. Atmo- 

spheric humidity inversion can last a long time and 

it provides a source of moisture for inhalation, but it 
cannot ensure the occurrence of the '!inhaling" pro- 

cess. Atmospheric humidity inversion without the oc- 
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currence of condensation cannot affect the soil mois- 
ture. In other words, the occurrence of atmospheric 
humidity inversion is not completely in phase with that  
of the soil moisture inversion. It should be concluded 
that  a lower soil temperature  is a necessary physical 
condition for the formation of soil moisture inversion 
or "inhaling" process, that  atmospheric humidity in- 
version is a necessary material condition for the forma- 
tion of soil moisture inversion, and that  atmospheric 
stability is only an influencing factor in the formation 
of soil moisture inversion. 

Figure 7 gives the correlation of soil moisture inver- 
sion in the shallow layer with (a) soil surface tempera- 
ture, (b) the tempera ture  gradient in the atmospheric 
surface layer, and (c) the specific humidity gradient 
in the atmospheric surface layer. By statistical anal- 
ysis, it is shown that  the correlation of the soil mois- 
ture inversion in the shallow layer is the best with the 
soil surface temperature  and its correlation coefficient 
reaches 0.934, the next is with the tempera ture  gradi- 
ent in the atmospheric surface layer and its correlation 
coefficient is 0.50, and the poorest is with the moisture 
gradient in the atmospheric surface layer and its cor- 

relation coefficient is only 0.21. In the figure, it is 
noteworthy that  soil moisture inversion in the shallow 
layer occurs only when the soil surface tempera ture  is 
lower than 20~ 

Soil moisture inversion in the shallow layer just  oc- 
curs after the soil moisture inhaled from the atmo- 
sphere through condensation comes to a critical value, 
rather  than occurring offhandedly once the soil in- 
hales moisture. But  the soil moisture rate can reflect 
offhandedly the effect of the soil inhaling moisture. 
Figure 8 shows the correlation of the rate of change 
of soil moisture at 5 cm deep with (a) soil surface tem- 
perature,  (b) tempera ture  gradient in the atmospheric 
surface layer (c) and specific humidity gradient in the 
atmospheric surface layer. As seen in the figure, the 
soil surface temperature  and temperature  gradient in 
the atmospheric surface layer, have a good relation 
with the rate of change of soil moisture at 5 cm deep, 
and their correlation coefficients are 0.66 and 0.65 re- 
spectively. The correlation with atmospheric humidity 
inversion is poor with a correlation coefficient of less 
than 0.3. Soil moisture in the shallow layer just  begins 
to increase when the surface temperature  is lower than 
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about  32~ and the atmosphere is inverted (stable 
stratification), but in other cases it often decreases. 

Atlnospherie humidity inversion is tile material 
condition rather than a necessary and sufficient con- 
dition in the formation of soil moisture inversion and 
increase of soil Inoisture with time. In tile general cli- 
matic state, as a result of the influence of the nearby 
oasis, the condition of specific humidity inversion can 
always be met, so its correlations with both the soil 
moisture inversion and soil moisture rate in the active 
layer are not very good. 

Some critical values in the above fitted relation- 
ships can be considered for use in the parameterization 
schemes of land-surface processes over arid regions in 
atmospheric numerical models. This may be of great 
significance. 

The occurrence of soil moisture inversion in the 
shallow layer is the necessary effect of "respiration" of 
moisture on the ground. To verify the universality of 
the above conclusion in summer, da ta  observed from 
22 August-30 September 2000 (about 40 days in all) 
over the Dunhuang Gobi, which can basically repre- 
sent the characteristics of the atmosphere and soil in 
summer, are analyzed systematically. It is found that  
for soil to respire, moisture is a universal process in 
the active layer. In Fig. 9, the interdiurnal variation 
of daily maximum intensity of soil moisture inversion 
in the active layer is given. Clearly, the soil moisture 
gradient in the shallow layer is inverted almost every- 
day. It shows that  although the temporal-lengths of 
the "inhaling" and "exhaling" processes are to some 
extent different a day, the "respiring" process on the 
soil surface occurs almost everyday. The daily maxi- 
mum intensity of soil moisture inversion is often 0.4% 
or so. The precision of the soil moisture gradient mea- 

sured by the soil moisture sensor can basically meet 
the (temand of this study. 

4. C o n c l u s i o n  a n d  d i s cu s s io n  

From diurnal variations of soil temperature  and 
moisture over desert or Gobi, it can be inferred that  
the soil thermal conduction coefficient is much smaller 
there, so the thickness of the soil temperature  active 
layer is just about  5 era, tile depth of diurnal signal 
variation is just about 40 era, and both are at most 
half of those values in damper  soil. And according to 
the structure of the soil temperature  profiles, it can be 
concluded roughly that  the thickness of the soil mois- 
ture active layer in Gobi or desert is about 5 cm deep. 

The obvious diurnal variation of soil moisture is 
mainly in the soil moisture active layer and its char- 
acteristics show that  the upper  boundary of soil is af- 
fected by both  solar radiation and atmospheric pro- 
cesses. The characteristics of the diurnal cycle of soil 
moisture in the shallow layer show that  soil moisture 
is jointly controlled by the evaporation of water to the 
atmosphere through solar heating and by the absorp- 
tion of moisture from the atmosphere through conden- 
sation. 

The diurnal variation of soil moisture in the shal- 
low layer can be clearly divided into four stages which 
are called the wet stage, the losing-water stage, the dry 
stage, and the attaining-water stage. There are great 
differences among the four groups of vertical profiles 
of soil moisture respectively during the four stages. It 
is noteworthy that  soil moisture inversion in the wet 
stage is rarely found before. And the changes of soil 
moisture profiles match very well with the changes of 
atmospheric specific humidity profiles in the surface 
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layer from one stage to another.  This  shows tha t  there 
is strong interaction between the soil shallow layer and 
the atmospheric  surface layer. 

Inhaling moisture from the a tmosphere  through 
condensation in the wet stage and exhaling moisture 
to the a tmosphere  through evaporat ion as a result of 
solar heating const i tute a full process of "respiration" 
of moisture on the ground during a day. The occur- 
rence of moisture inversion and moisture  increasing 
with t ime in the shallow layer are necessary effects of 
the "respiration" process. However, water  absorbed by 
the soil through condensation is not enough to offset 
tha t  lost from soil through evaporation.  

Key factors in the formation of the "respiration" 
process of moisture on the ground include the struc- 
ture of atmospheric  specific humidi ty and soil surface 
tempera ture ,  and the stabil i ty of a tmospheric  strati-  
fication. Lower soil t empera tu re  and atmospheric  hu- 
midity inversion are a precondition to form soil mois- 
ture inversion, namely a necessary condition to the 
occurrence of the process in which soil "inhales" mois- 
ture, and the intensity of the a tmospheric  tempera-  
ture inversion is an influencing factor in the formation 
of soil moisture inversion. Special a t tent ion should be 
paid to the effects of the following impor tan t  critical 
t empera tu re  values. The  "respiration" process and soil 
moisture inversion in the soil active layer occurs only 
when surface t empera tu re  is less than  20~ and soil 
moisture in the soil active layer just  begins to increase 
when surface t empera tu re  is smaller than  32~ and 
the atmospheric  stratification in the surface layer is 
stable. 

In a usual climate state, the correlation of surface 
t empera tu re  with soil moisture inversion in the shallow 
layer in Gobi or desert is highest, the correlation with 
atmospheric  stabili ty in the surface layer is second, and 
the correlation with the a tmospheric  humidi ty gradi- 
ent in the surface layer is next. However, bo th  the 
surface t empera ture  and atmospheric  stabili ty in the 
surface layer have higher correlations, but  the a tmo-  
spheric humidity gradient in surface layer has a poor  
correlation, with the soil moisture ra te  in the active 
layer. Theoretically, a tmospheric  humidi ty inversion 
is a material  condition tha t  soil a t ta ins  moisture from 
the a tmosphere  through condensation, lower surface 
t empera tu re  is an necessary physical condition, and 
stable atmospheric  stratification is a influencing condi- 
tion. The  reasen why the relationships of soil moisture 
inversion and soil moisture rate  with the atmospheric  
humidity gradient in the surface layer are not close is 
tha t  the atmospheric  humidi ty gradient over Gobi or 
desert near oasis is always in the s ta te  of humidity spe- 
cific inversion which is necessary for the formation of 

soil moisture  inversion. 
The  "respiration" process of moisture on the 

ground in desert or Gobi near oasis is an efficient reuti- 
lizatio0 of water  vapor t ransferred from the oasis and it 
can suppor t  a much stronger maintenance capabil i ty 
of the ecological communi ty  and microclimatic s tate  
than  under the condition of natural  precipitation. 

At present, it is impossible to calculate quanti- 
ta t ively the hydrological t ransfer  in many  interactive 
processes between the a tmosphere  and land near Gobi 
or desert, because of the limit in the number  of obser- 
vational i tems and the observational precisions. Hope 
is placed on the creation of be t ter  observations or bet-  
ter simulations of land surface processes for future 
analyses and studies. 
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