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Abstract
Meteorological observations relating to the alleviation of the effect of adverse
climatic conditions in arid lands were carried out at the Turpan Desert Research
Station, Xinjiang located in the northwestern part of China from 1990 to 1992. It was
demonstrated that the use of tamarisk forest windbreaks alleviated the adverse effect of
wind velocity, and improved the air temperature, surface soil temperature and relative
humidity under very dry conditions. The use of two rows of tamarisk windbreaks resulted in the decrease of the wind velocity and in climatic improvement in comparison
with the use of a single row of tamarisk windbreak. It is suggested that forest
windbreaks could be very effective for the alleviation of adverse climatic conditions in
arid lands.
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Introduction
Dry lands occupy one-third of the total surface
area in the world. The process of desertification
has been accelerated recently by excessive
cultivation, deforestation, overgrazing and
excessive consumption of water. Arid or dry lands
2
in China cover l,308,000km or 13.6 % of the total
land area. The process of desertification which has
been developing in China for a long time, has
made rapid progress recently. Prevention of
desertification and greening of the desert may be
achieved through the improvement of
meteorological conditions by the use of forest
windbreaks.
Meteorological observations related to the
improvement of climatic conditions were carried
out in an arid area at the Turpan Desert Research
Station, Xinjiang Institute of Biology, Pedology and
Desert Research, Chinese Academy of Sciences ln
spring, summer, autumn and winter using a
single row of tamarisk windbreak and again in
4 561
spring using two rows of tamarisk windbreaks · · · ) .
Analysis of the improvement of the
meteorological conditions will be outlined.

Observation Methods
Observation area is located at 42° 51'N, 89°
ll'E, in Turpan, 200 km southeast of Urumqi. The

elevation is 80 m below the sea level. The climate
is of the continental type, arid with large
differences in the temperature, the maximum and
minimum air temperatures being 48° C and -28°
C, respectively, and an annual precipitation of 16.4
mm . Low relative humidity below 10% is very
frequently observed. The period of strong WNW
wind lasts from April to June.
Observations were carried out on July 1 to 2,
1990, May 4, Aug. 24, Nov. 29, 1991, and April 25,
1992. The height of the tamarisk (Tamarix
elongata L.) shrub (Plate 1) covering an area
extending over a distance of 1 km (11 m width)
was 4.6 m and the density of the windbreak which
was expressed by a value corresponding to 100% -

Plate 1. A tamarisk windbreak at Turpa n, Chi na

porosity was 85%. Another windbreak located at
570 m from the windward windbreak during the
period of strong wind, consisted of huyang
(Populus euphratica 0.) and shazao (Elaeagnus
angustifolia L.) trees with a height of 6 to 8 m.
The meteorological parameters measured
included the wind direction and wind speed (U) at
1.5 m, air temperature (Ta) and relative humidity
(RH) at 1.0 m, and surface soil temperature (Ts) at
0.0 m.
For the observation of the single row of
tamarisk windbreak, the relative wind speed (Ur)
was expressed in percentage (%) by taking the
value recorded at 1.5 m height at -20 H as 100%.
Observation points on the windward side were
located at -20, -10, -7, -5, -2, -1, -0 H and on the
leeward side at 0, 1, 2, 5, 7, 10, 15, 20, 25, 30 H from
the forest windbreak, and also in the center of the
windbreak.
The symbol nH indicates the distance from
the windbreak represented by the multiple of the
height (H) of the forest windbreak. The negative
sign corresponds to the windward side and the
positive sign to the leeward side.
For the observation of the double row of
tamarisk windbreaks with a windbreak interval of
about 50 m, there were 17 points on the windward
side, leeward side from and inside the windbreak.

Results
1) Examples of meteorological improvement
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by the use of a single row of tamarisk
windbreak
(1) Data recorded on July 1 to 2, 1990
The decrease of the wind speed and
improvement of the meteorological conditions
induced by the tamarisk windbreak in summer at
6:00 and 12:00 on July 2, 1990 are shown in Fig. 1,
under high temperature and low relative humidity
conditions in Turpan, China.
(a) As shown in Fig. 1 A (6:00 July 2), the
relative wind speed (Ur) decreased from -10 H and
returned to the original value at 30 H. The main
effects occurred at distances of -5 H to 20 H from
the windbreak. The minimum value of Ur was 10%
on the leeward side near the windbreak. The value
ranging from 10 to 20% was very small and the
effect of the forest windbreak was pronounced in
the center of the windbreak up to 5 H. Then, the
Ur value gradually increased after 5 to 30 H. Wind
direction changed to the opposite direction in the
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(A) 6:00 July 2 and (B) 12:00 July 2, 1990
Fig. 1. Improvement of meteorological conditions caused by a tamarisk windbreak
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July 2.
(b) As shown in Fig. 1 B (12:00 July 2), the Ur
value decreased from -10 to 15 H. The area with
the decrease, however, was smaller at 6:00 than at
12:00, because the wind direction did not form an
acute angle with the windbreak, although the
minimum values of Ur did not change.
Ts was very high and ranged from 70 to 80°C
on both the windward and leeward sides, and
exceeded 80°C near the forest windbreak.
However, the decrease of Ts ranged from 20 to
25°C and the minimum was 52°C inside the shaded
windbreak, indicating the beneficial effect of the
windbreak.
The variation of the amplitude of Ta was
smaller than that of Ts. Ta decreased slightly at 0
to 1 H due to the shading effect of the windbreak.
This beneficial effect was also observed in the case
of RH which increased considerably in the center
of the windbreak and slightly near the leeward
side. The increase of Ta by 2 to 3°C from -2 to 15
H and the decrease of RH from 5 to 15 H exerted
an adverse effect on crop cultivation in summer.
(c) The remarkable decrease of Ur associated
with the wide effective area of the windbreak forest
(30 H at 6:00) was due to the fact that the direction
of the wind formed a 90° angle with the windbreak.
On the other hand, the effective area was not wide
(15 H at 12:00) when the wind formed a 45° with
the windbreak.
Although the Ta value increased inside the
windbreak on the leeward side in the daytime, at
night it decreased on both the windward and
leeward sides, and increased in the early morning
on the windward side due to sunshine. The use of
windbreaks in summer resulted in the decrease of
the wind velocity and increase of the relative
humidity, in particular when the wind was light
and in the decrease of the temperature at night,
unlike in the case of the daytime temperature.
RH was high inside and near the windbreak
due to the evapotranspiration from the tree leaves
and soil of the windbreak forest.
The changes in Ts were similar to those of Ta.
However, Ts inside the windbreak was about 25°

C lower compared with Ts outside the windbreak
due to the shade of the trees.
(2) Data recorded on May 4, 1991
(a) 6:00 (Fig. 2 A): The decrease in the Ur
region was minimal due to the direction of the
wind which formed a 60° angle with the windbreak.
Ts increased due to the sunshine on the leeward
side near the windbreak. RH increased by 1% due
to the transpiration of the leaves of the windbreak
trees. Ta slightly increased due to the decrease of
the wind velocity near the windbreak.
(b) 12:00 (Fig. 2 B): Ur recovered a value of
80% at 10 H and the decreasing area was small due
to the wind direction that formed a 45° angle with
the windbreak. The minimum was almost the same
compared to the value of 5% recorded in other
observations. Ts was 1.5 °C higher on the
windward side because of the decrease of the wind
velocity and 4 to 5°C on the leeward side due to the
decrease of the wind velocity and solar heating.
However, Ts was 1 °C lower due to the shading
inside the windbreak. RH increased by 1% due to
the transpiration of the leaves of the windbreak
trees, mainly because the effect of the increase of
RH was more pronounced than that of dryness
associated with the increase of Ta. Ta increased
by 2.0°C at O to 5 H due to the effects of the
windbreak and solar heating.
(3) Data recorded on August 24, 1991
(a) 6:00 (Fig. 3 A): Ur was lower at distances
of -10 H to 15 H from the windbreak. Minimum
value of Ur was 10%. This value and the other two
values (white circles) indicated a negative value for
the wind velocity due to the change of the
direction of the wind opposite to the windbreak
(nor shown in Figs. 1 and 2). Ts was higher inside
the forest windbreak, but slightly lower due to
radiation cooling near the windbreak in the early
morning. RH was higher at distances of -5 H to 15
H from the windbreak due to the transpiration of
the leaves of the windbreak trees. Ta was lower
near the windbreak due to radiation cooling.
(b) 12:00 (Fig. 3 B): The decrease of Ur was
large (30%) at 10 Hand the affected area was wide.
Wind direction changed and was opposite to the
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Fig. 2. Improvement of meteorological conditions caused by a tamarisk windbreak
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Fig. 3. Improvement of meteorological conditions caused by a tamarisk windbreak. White circles
indicate the velocity of the wind in the opposite direction
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(b) 12:00 (Fig. 4 B): Ur was lower from -7 to
15 H and the affected area was not wide. Ts was
higher on the windward side near the windbreak
due to sunshine, but, significantly low inside the
windbreak due to the shade of the windbreak. RH
and Ta were slightly high around the windbreak.
2) Example of meteorological improvement
by the use of two rows of tamarisk
windbreaks
The results recorded on April 25, 1992 are
shown in Fig. 5. Schematic diagrams of the two
rows of tamarisk windbreaks and sand
accumulation are shown in Fig. 6. The observation
points in the figures indicate the actual distance in
meter.
(a) 6:00 (Fig. 5 A): Wind velocity (U)
decreased by the use of the first row of tamarisk
windbreak and decreased further by the use of the
second row. Ts was higher inside the windbreak

windbreak at a distance of O H to 4 or 5 H from the
windbreak. Ts was lower inside the windbreak due
to the shade and higher near the windbreak. RH
was higher inside the windbreak and lower just
near the windbreak. Ta was higher on the
windward side near the windbreak and very high
from O to 5 H on the leeward side due to the
increase of the temperature in the windbreak.
(4) Data recorded on November 29, 1991
(a) 9:00 (Fig. 4 A): Ur was lower from -5 H to
20 H and the decreasing area was relatively wider.
Wind direction was opposite to the windbreak at a
distance of O H to 4 or 5 H from the windbreak. Ts
was higher on the windward side and lower just on
the leeward side near the windbreak due to
sunshine and shade, respectively. RH was fairly
high on the leeward side due to the effect of the
windbreak, but the changes of Ta were limited
under cold temperature conditions.
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the meteorological conditions in arid lands.

Discussion
There are several studies on the improvement
of the climatic conditions of arid lands and
9 10 1 2
prevention of desertification • • 1.1 i. It was reported
that the air temperature at the height of 1.5 m at
night ranged from 0.7 to 3.4°C, while the relative
2
humidity increased from -3 to 22% ). However,
there are few reports on the improvement of the
air temperature, soil temperature, humidity, etc.
under hot and dry conditions.
During the dry and hot period in summer like
on July 2, the increase of RH mainly associated
with the presence of trees was very important for
the improvement of the microclimate in fields
where crops are cultivated. The increase of RH
from -2 to -0 H is due to the change of the direction
of the wind with the formation of eddies and the
transpiration from the trees, particularly at night
and the early morning. However, the increase of
RH in the daytime was minimal based on the
evaporation from the sand surface due to the very
small amount of evaporation.
Ts on sandy soil decreased due to radiation
cooling and the decrease of Ur on the leeward side
during the night, particularly in the early morning.
There are several reports on the increase of
RH and decrease of evaporation near
8
windbreaks1. ). However, there are few reports
about the decrease of RH in the daytime under
4
extremely high and dry conditions i, due to the
lack of precise observations.
Although the shade provided by tree leaves
and absorption of latent heat by transpiration of
tree leaves decreased the values of Ta and
improved the climatic conditions, the excessive increase of Ta near the windbreak due to the
decrease of Ur in the daytime exerted an adverse
effect on crop cultivation during the dry and hot
period in summer'). The total effects on crops in
summer must be evaluated over a long period of
time, even if there is a negative effect for a short
period of time. In the night in summer, the

decreases of Ta and Ts by radiation cooling are
beneficial for the decrease of crop respiration and
consequently for crop cultivation. Although the
increase of RH from the transpiration of trees
during the period of strong wind was minimal, the
decrease of Ur is more important for crop cultivation under strong wind conditions.
Under the cool and dry conditions in spring
and autumn, the increase of Ta associated with the
decrease of Ur can be observed due to the effect of
windbreaks. The improvement of the microclimate occurred near the forest windbreak. The
relative humidity of air associated with the
transpiration of trees was higher compared with
the dryness of the air due to the increase of Ta by
the windbreak under the conditions of cool air.
Wind turbulence and the formation of eddy
regions were negligible and the function of sand
filtration was effective on the leeward side of the
windbreak. The observations and investigations
5
carried out from 1990 to 1992:i.4. ) revealed that
tamarisk trees display a high tolerance to wind,
drought, heat, cold and salinity.
It is suggested that forest windbreaks could
be very effective in arid lands over wide areas of
cultivated fields under the prevailing wind and dry
conditions.

Concluding Remarks
(1) The observations made in the arid lands of

Turpan, Northwest China revealed that
windbreaks exert multiple beneficial functions.
(2) The effects on the decrease of the wind velocity
and improvement of the meteorological
conditions were conspicuous under a tamarisk
canopy with high density stems and small
leaves. On the leeward side of the windbreak,
the wind turbulence and the formation of wind
eddies were negligible and the function of sand
filtration was effective.
(3) The excessive increase of the air temperature
on the windward and leeward sides close to the
windbreak in the daytime in summer was not
desirable. However, the increase of the

Taichi MAKI et al. : Effects of Forest Windbreaks deployed in Arid Lands (1)

temperature was alleviated to a certain degree
by the shade of the windbreak and absorption of
the latent heat by the transpiration from the tree
leaves.
(4) The decrease of the soil temperature by
radiation cooling observed in the region where
the wind velocity decreased in the night in
summer exerted a favorable effect on the
meteorological conditions for crop growth. The
increase of transpiration from the leaves of the
windbreak trees, the humidity or water vapor
also affected favorably the meteorological
conditions for dry farming, particularly during a
period of light wind.
(5) In spring, autumn and winter, the beneficial
effects of the decrease of the wind velocity,
increase of temperature and of humidity for crop
cultivation were significant while the adverse
effects were negligible.
(6) The effects of the use of two rows of
windbreaks on the decrease of the wind velocity
and on climatic improvement were cumulative in
comparison with the effect of a single row of
windbreak.
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