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1: Classification of Arid Regions by Climate and Vegetation
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A) Classification of arid regions by NDVIn.y for Asia
and North Africa.

B) AN A IR FINDV Lax @ 1982-1993 4E 0 124
W Ot ¢ D54 (TS T AT 70 7).

B) Distribution of standard deviation of NDVIy.x for
dry regions where NDVI;pa < 0.55.
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C) Distribution of aridity classes defined by aridity
index and vearly maximum NDVI in Fig. 6.

1 : irrigated area and oases, S: areas where there is the
possibility of occurring soil degradation, A: severe
desert, B-E: region where NDVI relates linearly with
NDVIymay, H ¢ humid and vegetation affluent region
where NDVIyax > 0.55, M: highland over 3km
above the sea.

(G4 & Minoru Gamo)
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2: Composite Upper Cloud Amount Distributions in the Periods of Highly Developed El Nino Event and Post-El Nino

(a) January 1998
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(b) July 1998
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These maps are combim?d on the basis of the geostationary meteorological satellites, which are GMS, GOES and METEOSAT
(from the internet information compiled by Kochi University). The cloud amounts are spectrally hued: refer to the legend.
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3: Greening of Deserts for Prevention of Desertification
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Photo 1. Green and stout plant growing soley in
extensive sand desert.
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Photo 2. Sand dune and shrub plant in Shanshan
desert of Turpan Basin.

B3, MLAFE L0 P CIRHER L T
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Photo 3. Single tree struggling against surging
sand dune.

B4 . o BT o 2shb i oR
Bk % i a5 3.

Photo 4. Shrub trees preventing sand dune from
moving at a steep slope of leeward side,

BY5, Mofia il LT EAEET S
T Y DEJE,

Photo 5. Effective straw-mat network made of
reed for sand fixation.

(FLARI— Taichi Makl)
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Micrometeorological Phenomena and Microclimatic Improvement in Deserts
Taichi Maki* and Mingyuan Du**

Variations of arid lands or deserts are significant based on latitude, altitude, topography and meteorological
phenomena or climates. They have not always same phenomena, but have considerably a similarity of meteorological
characteristics as a desert.

In order to make clear the similarity of micrometeorological phenomena or microclimates in deserts with showing
examples at Turpan, Uygur in northwest China, the author introduced similarities and differences about
micrometeorological characteristics at Turpan desert of arid land and at a general desert.

It is necessary to make clear the micrometeorological characteristics of oases as an opposite phenomena of desert for
making clear micrometeorological characteristics of deserts. Then, the characteristics of deserts and oases are
explained in this paper, comparing with each other. And moreover, the effects of microclimatic improvement or
alleviation are explained particularly taking the focus on windbreaks as a vegetation at a marginal land of desert, i.e., an
important condition or element for changing from a desert and desertificated area to an oasis.

This is one of the papers in the flow on the meteorological phenomena and climates in deserts from
micrometeorological phenomena to macroclimates, that is about the micrometeorological phenomena or microclimates.
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Desertification, Biomass Increasing and Climate Change
Mingyuan Du* and Taichi Mak1**

Concerning the relationship between desertification and climate change and the relationship between biomass
increasing and climate change, there are two different feedback relations. (1) Biomass increasing or development of
oases will let the local climate becomes favorable. This will in turn let more development of oases or biomass increasing
so that the climate will becomes more favorable. (2) Desertification or oases degradation will cause the local climate
becomes worse (higher temperature etc.). This will cause more degradation of oases so that the climate becomes even
worse.

For an example, the local climate in Xinjiang has become favorable for agriculture activities as temperatures increase
in winter and decrease in summer and precipitation increase in summer. The local environment change is the main
cause of the climate change in recent years due to expansion of oases, the increase and grown of windbreak forests, and
control and decrease of cutting firewood. Another example is that severe overgrazing and resultant land degradation in
the semiarid areas of northern Mexico has created significantly higher temperatures in the border area.

The increase of the local population including migration is a cause for the expansion of oases and overgrazing and
resultant land degradation. This will accelerate an increase in the utilization of water. Which feedback effect will occur
mainly depends on how people use the natural resources, especially water resources in arid and semiarid land.

Although the recent development of oases in Xinjiang was good for climate change, for further development, there
have been some problems of land degradation such as salinization and sandy desertification. It is very important to have
an efficient use of water resources but not to expand the area of oasis in future.
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Fig. 1. Comparison of aridity index by THORNTHWAITE and
wetness index by Konpo and Xu (1997b) at China in
1981.
THORNTHWAITE's aridity index is calculated using the
same data by which wetness index is estimated.
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Fig. 2. The same as Fig.1, but THORNTHWAITE’s aridity index
is calculated by LEEMAN's data (grid data, averaged
between 1931-1960).
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Fig. 3. Histogram of areas of NDVlyma (yearly maximum
NDVI by Pathfinder) over the whole land between
55°N and 55° S in latitude.

19934E-0 12E MO T TH 5. il & i (B
AR L) ONEHORGEERL, ZOPIBIZEE
FEMTEET 3. ZAUIRUZER L IR0 IO TR
Wit annr, thed, 2k T T, ¥
WIS AARRRELTRE LTEREhTVWEDESS
A, B 1-alc7 97 - 77 Y HtHO NDV]ymax 210.55
LUFoMss (FEon322%) % f43EBTHRIL TRT.
NDVlymax A5 —0.05 4 5 4-0.55 & T0.05 %l & 12 11 kI
AR 7. ELTotoBOFERIMER, BRE0T
FHE 3 km B E ORI L TH B, NDVIymax DI
WL OB, S GO WM LI L, &b B
VARG X SIZKkELL-TW 3,

3) ERAHERBOBEREOHEERN LIS
NDVlymax ? 12418100 BEER 2D S+ (LM 551
LRSI &b ) #5 41R Y. RN I8
% T NDVIymax 8055 A F O 24 & 78 L 72, #L Wil
B AVN X K JERSIZRE L TV EDIIHLT, ¥
WRBOPRHERERIAL AL TH O, W - Pt
ROFEBLLPURGEL > TS, TUT7 -7 7Y
7 KB 7375 % 1042 1-b1Z/R$. NDViymax 20.55 A F D
HUEOD B L 22, B T L B L W biANDVIO
P A1 0.015 LU F MR & U THIREIZ pRiEhTyw
5 (MTRER L0 ~002THiEhTN3). ZORE
AL W EUEO I i T ARG & PR A R

w
T

Area (X10°%m’)

~N
¥

..T‘--

@ s 19 15 20 25 39 35 48 45 50 55 8
0 of NDVIymax (X0.002) (55° N-55" 8)

4. Je#r55HEH & M5 D&k E 35 & U HUE (NDVIymax
<0.55) O NDVlymax D EEH R O B HSFE 546 (.

Fig. 4. Histogram of area of standard deviation of NDVIymax for
whole land between 55°N and 55° S(above) and for dry
regions where NDVI,ax < 0.55 (below).
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Fig. 5. Relationships between annual precipitation and
NDVlynax in tropical and sub-tropical regions
(left), and these for mid-latitude (right).

¥ [l U ORI A U TIGHE L D A k<
5 Tvd, PENEGEEIR T, BRI (UG8 Ao
R OB 2 - T B O TAUH & FETR O IR
ZonTERATFEV a0y, 22 Tikfihan,

5) ERMEH SMERBICLZEREOMHR

ND VI & VBB OGRS, MEIcWehsd kD
CZAGHERE TR R T & S LIRS &
N g, X612 &AM A& R R R L e R Ty
WL CHER Dt - RO A L TAL, TV
7 AL 7 A OGHUAK AT 1-cl2RT. Al
NDVIymax 28015 L F OB L DB (ND VI @ 12 4111
OFEEE A 00152 F & 3%, Pl 12.0%), B~E
13 NDVlymax & WEBHGEE A BRI & 5 Mol (2he
hpEho 26, 33, 29, 4.8%, AdT13.6%). kL~

I, ZORHAED LS BRVEEET AT, &
FEAMTH S, OO SO OBRIRTAD
D95, 1O (B 2.0%) IGZEIE YK & o

B0k b B K ORI S b & A4
TYARELTWEr— 2050, SO (Mt 4.6%)
IENZRRRE R 0y (WM IR & ) TR Al

23

Averaged NDVIymax from 1982 to 1993

'Iﬂ 2 4 N3 8 1.2 1.2 1.4 1.6 1.8 2.2 2.2 2.4 2.%6
Aridity Index by Thornthwaite

SRR 5,
; fuﬂ]f ff

46, W bri ¥ & NDVIgmax 2 & 5 ¥4 -
R OFRIZ S VRSP T VA, S

;J [ ) "'b‘it.JJ (dHeH b L T2 a]hetkh s
biLD) .ﬁwaah.B E - NDVIyor 4502 He 1
£ '“t«?ff;f MRz H LM, H BETHi%ES S 2

B, M CEEE 3km L Loy .
a o NDVlymax = AT+ 0.15, b 1 NDVIymax = 0.7AL

Fig. 6. Classification of arid and semi-arid regions by aridity
index (Al) and NDVIyax.
[: irrigated area and oases; S: areas where there is the
possibility of occurring soil degradation, A: severe desert,
B-E: region where NDVI relates linearly with NDVIymay,
H: humid and vegetation affluent region.
a: NDVlIymax = Al +0.15, b: NDVIymax = 0.7AL
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Classification of Arid Regions by Climate and Vegetation
Minoru Gamo*

Relationship between climate and vegetation is a big theme from olden times. Nowadays, global vegetation
characteristics and changes are obtained real timely by remote sensing from satellites. We can look at vegetation of
global scale from an uniform point of view. It is necessary to find proper methods to estimate degree of dryness and to
identify desertification areas. Aridity index which shows a degree of dryness and vegetation index which indicates a
degree of abundance of vegetation are both comparatively vague parameters. Methods which evaluate both parameters
are summarized. And, rough classification of arid regions by aridity index estimated by THORNTHWAITE’s methods and
yearly maximum normalized difference vegetation index NDVlynax is tried. The histogram of areas for NDVIymax
distribution has two peaks in small NDVlymax (severe desert) and large NDVlynax (regions where vegetation is rich),
and between two peaks there exist semi-arid regions. According to the standard deviation of NDVlymax, which shows a
degree of variability of year-to-year changes of NDVIynax, very unstable regions for vegetation exist near deserts where
standard deviation is very small. There is a different linear relationships between annual precipitation and NDVlynax in
the sub-tropical arid regions and mid-latitude arid regions, respectively. While, there is a relatively similar relationship
between aridity index and vegetation index for both arid regions mentioned above. Arid regions of the world are divided
into seven categories, including regions where vegetation is relatively abundant in spite of severe dryness, and regions
where vegetation is poor in spite of relatively humid conditions. The former category coincides with irrigated regions
existing near big rivers or oases. While, regions which belong to the latter category seem to be areas where soil
degradation is occurring.

Key Words: Desertification, Vegetation index, Aridity index, Remote sensing, Soil degradation
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The Relationships between Desertification and Global Warming/ El Niiio
Shuji YAMAKAWA*

The relationships between desertification and global warming / El Nifio are mentioned. First, in the section 1,
temporal and spatial scales associated with desertification are examined. Desertification due to both natural and
anthropogenic factors is compared. In the section 2, arid regions in global warming periods and caution areas of
decreasing precipitation on the basis of GCM (global circulation model) by IPCC (Intergovernmental Panel on Climate
Change) are dealt with from long-term viewpoints. Under the condition of double CO2 concentration, the zonal dry area
is noteworthy in the northern mid-latitudes in summer. In the section 3, the relations between El Nifio / La Nifia and
desertification are reviewed. Finally, effects of El Nifio events under the global warming on desertification are
discussed. World monthly composite maps (January and July, 1998) of the upper cloud amount by the three
geostationary meteorological satellites GMS, GOES and METEOSAT are shown in frontispiece in order to illustrate
weather patterns during a super El Nifio event and its post El Nifio under the global warming. The semi-arid regions in
the northern mid- and high latitudes such as Central Eurasia are designated as warning areas of desertification.

Key Words: Desertification, Global warming, El Nifio, La Nifia
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Greening of Deserts
Taichi Maki*

This paper explains a photograph collection album of “Greening of Deserts” published by Mediafactory on July 30,
1998. The structure of the album includes foreword, contents, seven chapters and author’s note. The 102 pieces of
color photograph selected carefully were collected in this album.

Seven main subjects and nine items are introduced and explained in the album, e.g., arid land, arid climate, various
deserts, sand ripple, sand dune, greening, plants in arid zone and so on. There are including two sayings, map of China,
and the author’s background, main publications and picture. Photos were selected intuitively by the author as
impressive, mysterious and attractive ones.

The contents of the chapters are including as follows:

1 Falling a victim to desert and sand dune; interesting to stone, pebble, sand, soil and salt deserts, 2) Patterns of sand
surface; large sand dune made of small sand ripple, 3) Sand sculpture by wind; wind erosion and sand dune moving,
4) Water sculpture by water; water erosion and stone desert, 5) Roots stretching in sands; vital power of arid plants and
lives, 6) Surging of sand and dryness; desertification by over-development, over-grazing and over-deforestation, and
7) Dreaming of greening of desert; desert greening by forest, hedge and net windbreaks and straw-mat networks.

Key Words: Desert, Desertification, Greening, Sand dune, Arid land, Dry climate

* Division of Agrometeorology, Department of Natural Resources, National Institute of Agro-Environmental Sciences. 3-1-1,
Kannondai, Tsukuba, Ibaraki 305-8604, Japan. Present Address: College of Agriculture, Ehime University. 3-5-7, Tarumi,
Matsuyama, Ehime 790-8566, Japan.
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IR L TR THEN L AHEETES, X612, B
HM AR S £ MK T X SRR AR LD K5
AT A RRANTB S I3, HYOUELEE LG
HiIZH 1 COREMOERRE» S HIBF 3 &, W45
cmUTFERRYTES, ZOZ Lo KRBERICE
WIS, AREHOF & 45ecm AR S HRME DLW
A5,

—J5, KCIO} i, ¥ X 45em LT OREHM THE
MO LA TRid B {diEsh b his. FROBHEL
5%, ZORIEHEMO LREBTIRAVKCIER MY

#1. HRIBEHOREN & RREE

®asto Bmdty bAEID  MEEMSRD
xEpsose B yyaamapas sRan
{cm) (cm?) (%) (g/ (cm® day) )
20 254 152 0.930
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Effective Salt Water Elimination Using Evaporation Accelerators
Tetsuo Ocawa*, Yukuo ABE** and Masuo QzAkI***

Excessive water and salt accumulation in soils are a serious problem in arid and semi-arid regions. We have proposed
the usage of an “Evaporation drainage method” , which utilizes an “Evaporation Accelerator” as well as existent strong
evaporation forces which are prevalent in arid regions. This report investigated how effective evaporation accelerators
would be in enhancing the evaporation of salt water.

An Evaporation Accelerator is a stick type instrument made of absorbent paper. Its height is 20-50cm and its diameter
1 cm. The accelerators used in our study were installed into a pot filled with solution with a concentration of 0.7% KCl
and placed in an enclosed chamber equipped with an air conditioner set to simulate evaporation rates of 8-12 mm/day.

Solution from the pot was absorbed into the accelerators and was raised in a vertical direction by the accelerators’
capillary forces. Water in the solution evaporated from the accelerators’ surface and as a result, only KCl remained in
crystal form. The KCl in the upper section of the accelerators increased markedly and blocked evaporation by KCl
crystals. Thus, evaporation rates depended on the area of salt accumulation. However the KCl in the mid and lower
sections of the accelerators did not form crystals for 50 days. Their sections did not impede evaporation. Thus,
evaporation accelerators could function divided into an area of salt accumulation and an area of evaporation according to
the height of accelerators. As a result, 4 Evaporation accelerators of height 45cm could continue salt accumulation for
more than 50 days, accelerating approximately 2 times the amount of evaporation in proportion to the surface water of
the pot.

Key Words: Evaporation, Drainage, Excessive water, Salt accumulation, Evaporation accelerator

* Doctoral Program in Agricultural Sciences, University of Tsukuba. 1-1- 1, Tennodai, Tsukuba, Ibaraki 305-8572, Japan.
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Fig. 1. Maps of investigation field and observation points (upper left map) around Jagaramogara, Tendo, Yamagata.
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Pictures of (A) shows the surface of pabble layer and vegetation in
Jagaramogara Ohjigoku Basin in Autumn and (B) in one of the cave,
there still found ice inside it on April 26, 1997. Pictures of (C) shows
destroyed horizontal hole of karez or ganat tunnel (forward) and
mound dug up gravel-mud around vertical pit of another karez
(backward) and (D) the vertical pit of karez at Turpan, Xinjiang,
China.
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Fig. 3. (A) Schematic diagram on the observation points T; to Ts (Figs. 4-6) of air temperature or
relative humidity at the height of 1 m above the ground surface in Ohjigoku Basin. (B)
Observation points D) to Ds at the elevation of 538 m above the sea level in Ohjigoku Basin.
Hole air temperature (Th) in accurate at D; to Dz, but not at D3 to Dg based on the effects of
inside or outside hole air and ambient air. Hole air temperature (T.) of the cave and soil
temperature (S, Sjo) at the depths of 1 and 10 cm (Fig. 9, 11) at the elevation of 486 m in

Shimojigoku Basin.
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Ti: North entrance, 5660 (ZMMAD) T.: Upper sloped point, 557n (ZHiIR +)
Ta: Lower sloped point, 544n (ZHMIRTF) Ts: Lower botton point of pebble and
cave, 539 (RARGRWLIDTE) T.: Lowest point, 536n (ZMUKE) D.: Hole inside
at lower botton point of pebble and cave, 538a (TsDEXMA)

Fig. 4. Diurnal variations of air temperatures and hole air temperature of the cave D2 (A) and of
relative humidity and hole relative humidity of the cave D2 (B) at observation points T)-T3,

Ts, Te on Oct. 6 to 7, 1996.
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Fig. 6. Vertical profiles of air temperature in Ohjigoku Basin
at observation points T) to Te at 18:00, 21:30, Oct. 6
and 2:30, 5:30, 6:30, Oct. 7, 1996.
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Fig. 10. Annual variations of monthly mean air temperatures at Tendo and Jagaramogara, and every 5-day
hole air temperature (same in Fig. 9) of the cave in Shimojigoku Basin.
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Air and soil temperature [°C)
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Time of day Aug. 30, Oct. 16, 1997
StD16:
StD28:
StJ2d:

StHes:
StHol:

Soil temperature on Dec. 16, HtD16: Hole air temperature on Dec. 16
Soil temperature on Dec. 28, HtD28: Hole air temperature on Dec. 28
Soil temperature cn Jan. 24, HtJ24: Hole air temperature on Jan. 24
Soil temperature on Mar. 8, Ht¥08: Hole air temperature on Mar. 8
Soil temperature on May 1, HtMOL: Hole air temperature on May 1

0 3 b 9 l2 |5 IB 21 24
Tine of day Jan. 24, Mar.B, May 1, 1997

0 3 b 9 1215 18 u
Tine of day Oct. 23, HNov.4, 1997
StA30: Soil temperature on Aug. 30, HtA30: Hole air temperature on Aug. 30
St016: Soil temperature on Oct. 16, Ht016: Hole air temperature on Oct. 16

$t023: Soil temperature on Oct. 23, Ht016: Hole air temperature on Oct. 23
StNO4: Soil temperature on Nov. 4, HtX04: Hole air temperature on Nov. 4

Fig. 11. Typical diurnal variations of hole air temperature and soil temperature of the cave in Shimojigoku
Basin on Dec. 16, Dec. 28, 1996 and Jan. 24, Mar. 8, May 1, Aug. 30, Oct. 16, Oct. 23, Nov. 4, 1997.
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Table 1. Climatic data of Turpan Meteorological Observatory and Turpan Desert Research Station.

Meteorological elements

Meteorological Observatory

Desert Research Station

Maximum air temperature
Minimum air temperature
Mean air temperature

Mean air temperature
Annual precipitation

Small pan evaporation
Annual mean winti speed
Maximum wind speed
Strong wind period

Wind direction (=17.2m/s)

July, mean 39.9°C
Jan., mean -14.5°C
July, mean 32.7°C
Jan., mean -9.5C
164mm

2,837.8mm

1.7m/s

extreme 25.0m/s
April to August
WNW —NW

extreme 47.9°C
extreme -22°C=
(Soil surface temperature; extreme 84.7°C)

8.8mm

2.2m/s

extreme 28.9m/s
April to August
W—WNW
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