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Wind Turbines in Arid Lands
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Photo 1. Danish made 200 kW
class wind turbines in-
stalled in the Taklima-
kan desert. (August,
1990; by courtesy of
Mr. M. Tokusumi)
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Photo 2. A 100 W class mini wind-
powered generator used
by herdsmen in inner-
Mongolia. (May, 1993)
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Photo 3. Darrieus type wind turbines in the

Tehachapi desert of California. (September,
1985)
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Photo 4. A Windfarm on the desert hill
of California. (September,

1985)
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Photo 5. Classic type windmills in
LaMancha of arid central part
of Spain. (September, 1989)
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Photo 6. Countless sailwing type water-
pumping windmills in the
Lasithi basin of Crete island
in the Mediterranean Sea. (Sep-

tember, 1983)
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Distribution and Biomass of Tillandsia Lomas Community in the
Pacific Coast of Peru

Takehiro Masuzawa¥*, Shuichi Oka**, Nobuhiko Ouca*** and Mikio Ono**

Abstract

An investigation of the distribution and the biomass of Tillandsia Lomas communities
located in the coastal desert of Peru was carried out. The average values of biomass at each
four location from north to south were 126.5, 161.6, 26.4 and 5.8 g/m2. Nitrogen contents of
soil and of plant organs were examined in Tillandsia latifolia lomas near Mala at 77 km south
of Lima. The nitrogen content of soil and of plant organs were lower than that of other plants

growing in desert.

It is suggested that when the nitrogen content in plants is low, there is a strong tendency
for the nitrogen content in the soil to be low also.
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1. Introduction

The coastal desert of Peru through northen
Chile is almost without natural vegetation
except along streams. On slopes moistened by
mist, however, lomas vegetation occurs on the
coastal desert (FERREYRA, 1959, 1960; ELLEN-
BERG, 1959, 1981). Lomas is an ephemeral veg-
etation which appears only in spring, except in
the case of Tillandsia lomas. Peruvian lomas
vegetation was classified into four major types
based on an investigation in 1980 (Ono, 1982);
that is, herbaceous lomas, shrubby lomas, Bro-
melian lomas and Tillandsia lomas. Some spe-
cies of Tillandsia lomas can live by using the
aerial moisture from coastal fog (garua),
though they are not seasonal vegetation such
as herbaceous lomas.

This report concerns the distribution and the
nitrogen content of Tillandsia lomas com-
munities in Peru. Observations were made
during the period from September to December
both in 1980 and in 1984.

2. Site Description, Materials and Methods
The investigation was carried out in the
coastal area of Peru between the towns of
Casma and Tacna (ca. 10° to 18°S Lat). The
distribution of communities was surveyed by a

fieldwork and a literature search. Figure 1
shows the monthly mean air temperature
during the 30 years from 1931 to 1960 and the
monthly mean precipitation during the 10
years from 1961 to 1970 at Lima Airport. The
mean precipitation levels are extremely low,
but it shows a remarkable concentration
during the winter months.

The location of Tillandsia communities in-
vestigated is in the coastal desert of Peru, Mala
at 77 km south of Lima (12°S Lat). A pure
community of 7. latifolia is found on a very
sandy gentle slope. T. latifolia has no roots,
but its old stems are generally burried in sand
making a stable community on gentle sand
slopes or dunes.

T. latifolia belongs to Bromeliaceae which is a
large and distinctive family, and includes the
pineapple and spanish moss. The family is
distributed in tropical or warm temperate re-
gions of the New World. The distribution ex-
tends from the southern United States of Ame-
rica to central Argentina and Chile. The plants
of Tillandsioideae as a whole are adapted to
xeric conditions and many of them are epi-
phytes. T. latifolia is entirely xerophytic,
having a root only in the stage of young seed-
ling, and has leaf-base tanks which absorb
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Air temperature: 1931-1960. Precipitation: 1961-1970.

Inflorescence

Fig. 2. A: Life cycle of Tillandsia latifolia.
B: Rosette, inflorescence, flower and seed of 7. latifolia.

water from the atmosphere by means of multi-
cellular scale-like trichomes. The plants can
thus survive in habitats such as deserts.

The dry weight of each organ of T. latifolia
was measured after drying at 80°C and materi-
als were powdered by using a Wiley Mill. The
total nitrogen of plant organ was determined
by the semi-micro Kjeldahl method.

The collections of soil were made at three
points (A, B and C were selected at random)
with 1, 5, 10, 50, and 100 cm depth from the
ground surface. After soil samples were air-
dried, the samples were weighed, and an abso-
lute dry weight at 105°C was obtained for chem-
ical analysis. The semi-micro Kjeldahl method
was adopted also for the measurement of total
nitrogen.

3. Results and Discussion

1) Life cycle of Tillandsia latifolia

This species has no clearly defined annual
life cycle. Growth form is of the evergreen
perennial herb and rosette type. Propagation is
made by two means: vegetative and seed prop-
agation. In general this species shows mostly
vegetative propagation with the growth of
daughter ramets as shown in Fig. 2. Very often
inflorescence is observed in large vegetative
patches. The inflorescence is terminal, pro-
duced out of the center rosette. Inflorescence is
a spike and bears capsules as shown in Fig. 2.
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Fig. 3. Distribution of Tillandsia Lomas community along the Peruvian Pacific Coast.

2) The distribution of Tillandsia lomas
community
The distribution of some distinctive types of
lomas along the Pacific Coast of Peru was stud-
ied by Oka and Ocawa (1984). Tillandsia
lomas communities are distributed along a
narrow strip some 10 to 60 km wide running
along the sea coast more than 1,000 km from
north to south.
The Tillandsia lomas communities in this

region are distributed from Casma to Tacna in
Peru (Fig. 3). It is noteworthy that the Tilland-
sia lomas are generally located at lower eleva-
tions and closer to the coast than other types of
the lomas in the middle and northern Peru
such as the regions of Huarmey (Dept. Ancash),
Lachay, Ancon, Atocongo and Lurin (Dept.
Lima) and near Asia (Dept. Ica). On the contra-
ry, in southern Peru, the Tillandsia lomas ap-
pears in the inland desert at higher altitudes



Table 1. Biomass of Tillandsia lomas community.
Biomass Biomass/
(g/m?) individual (g)

A. T. latifolia 125.5 10.53

B. T. latifolia 161.6 41.23

C. T. latifolia 254 17.7

D. T. purpurea 5.8 0.26

A: Supe, 177.5 km north from Lima
B: Mala, 77 km south of Lima

C: Nasca

D: Camana

than other types of the lomas . For instance,
near Nasca (Dept. Ica, ca. 470 km south of
Lima), the pure communities of Tillandsia latif-
olia are found at the elevations of about 400 to
450 m on slopes located about 20-30 km inland
from the coast. These Tillandsia communities
occur much higher in altitude than herbaceous
and shrubby lomas in this region.

3) Biomass of Tillandsia community

The measurement of biomass was carried
out on the four lomas communities which lo-
cated in the coastal desert of Peru (Table 1).
The biomass measurements were made on four
communities, which are located (listed from
north to south) in Supe at about 177.5 km
north from Lima, and Mala 77 km south of
Lima, and in the regions of Nasca (C) and
Camana (D). Twenty-five quadrats of 1 m?
were used for the measurements. The average
values at each location from north to south
were 125.5, 161.6, 25.4 and 5.8 g/m?

The average dry weights of individuals in
each location were 10.53, 41.23, 17.7 and 0.26 g.
The T. latifolia community at 77 km south of
Lima showed the largest biomass (161.6 g/m?)
and included the largest individuals (41.23 g),
while T. purpurea community in the region of
Camana was composed of small individuals
(0.26 g) and showed the smallest value of bio-
mass (5.8 g/m?).

4) Nitrogen content of vegetative rosettes
A rosette (ramet) was divided into seven
parts: current leaves, new leaves, old leaves,
dead leaves, inflorescence, living stem, and
dead stem. Then, each leaf was divided into
three parts, the bottom, middle and top parts of

Table 2. Nitrogen content in rosettes of 7. lat-
ifolia.

Nitrogen content in rosette of
T. latifolia (%, dry weight)

Top Middle Bottom
Current leaf 0.52 047 0.39
New leaf 0.49 0.39 0.22
0Old leaf 0.37 0.39 0.23
Dead leaf 0.27 0.20 0.17

Leaves of rosettes were classified into four
groups (current, new, old and dead leaves). Each
leaf was further divided into three parts (top,
middle, bottom), making a total of twelve classes
of plant material.

a leaf, in order to know the distribution of
nitrogen in a single leaf (Table 2). There was a
marked tendency toward high values from the
bottom to the top of a leaf. Nitrogen content of
the current leaves was high in comparison
with other leaves and these values were 0.52%
(top), 0.47% (middle) and 0.39% (bottom), re-
spectively. New and old leaves which had been
living before September of 1984, had similar
values, with the exception of the part of leaf
top. Dead leaves had very low nitrogen con-
tents compared to other leaves. These values
for dead leaves were 0.27% (top), 0.20%
(middle) and 0.17% (bottom) and were consid-
ered as relatively low. Dead leaves had only
about 50% of the nitrogen concentration in
current leaves. Generally speaking, nitrogen
content of the rosette leaves of T. latifolia is
lower than that of other desert plants (BaziLg-
VICH et al., 1981).

On the other hand, the nitrogen content of
different organs of T. latifolia was measured at
the same time. The values of nitrogen content
of the inflorescence, living stem and other stem
excepting living stem were 0.22, 0.68 anr
0.32% (per dry weight), respectively (Table 3).

Table 3. Nitrogen content in each organ (inflo-
rescence, other stem, total stem).

Inflores- Living Other
cence stem stem
Nitrogen 0.22 068 0.32

content (%)




Table 4. Nitrogen content in soil of Tillandsia

lomas.
Nitrogen content in soil
,d ight
Depth (%0, dry weight)
A B C

1cm 0.096 0.095 0.098
5cm 0.071 0.060 0.095
10cm 0.045 0.041 0.047
50 cm 0.025 0.023 0.026
100 cm 0.022 0.022 0.026

The measurement were made at three points (A,
B and C were selected at random) on each depth
(1-100 cm from ground surface).

The nitrogen concentration of living stem
tissue was quite high in comparison with other
organs.

Nitrogen content and allocation were ex-
amined by WiLLiams and BeLp (1981) for
winter annuals in the Mojave desert of Califor-
nia. They found several nitrogen-poor plants
such as Chaenactis fremontii, Shinus arabicus
and Cryptantha pterocarya. Though these
plants had very low levels of nitrogen in the
roots and shoots, the levels in the reproductive
parts were higher, about 1.19 for C. fremontii
and S. arabicus, but only 0.45% for C. pteroca-
rya. These patterns of nitrogen concentration
are in contrast to that of T. latifolia whose
reproductive parts have lower nitrogen values
than vegetative parts. On the other hand, C.
Dterocarya was similar to the nitrogen levels of
T. latifolia.

5) Nitrogen content of soils

It is well known that the nitrogen content of
soil is an important factor in the development
of vegetation. The amount of soil nitrogen at
three localities in the investigated area are
given in Table 4. In this table, the vertical
change in nitrogen content in soil from 1 cm to
100 cm depth is shown at three points. At each
point, nitrogen content in the soil varied from a
maximum at the ground surface to a minimum
at a depth of 100 cm: 0.096-0.022%,, 0.095-
0.022%, and 0.098-0.026%,. These nitrogen
values are lower than those (0.01-0.03%) under
the herbaceous lomas in the region of Ancon,
Peru (Masuzawa, 1982). It is suggested that

these values reflect the lack of input of nitro-
gen from litter.

Soil moisture is undoubtedly a major factor
in accelerating litter decomposition. There-
fore, since this area is arid with an annual
precipitation of only 10 mm to 20 mm, the rate
of decomposition is very low. The precipita-
tion data were recorded at the Caiiete Meteoro-
logical Station near the region of our investiga-
tion from 1962 to 1976 (Oxa and Ocawa, 1982).

In conclusion, nitrogen content of soils of the
Tillandsia lomas was very low in the three
sites, even at the ground surface (an average of
0.097%s at a depth of 1 cm). It is suggested that
when the nitrogen content in plants is low,
there is a strong tendency for the nitrogen
content in the soil to be low also.

The distribution of Tillandsia lomas and the
nitrogen content of 7. latifolia as well as of soil
were investigated, but the adaptive mechanism
under particular environmental conditions
such as deserts should be studied more in-
tensively.
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Development of A Saline Water Irrigation System Using
a Vapor Permeable Membrane

Yoshiyuki Outsuka*, Masami Shiraisui*, Hiroyuki Ir*, Mitsuo KusoTta™*,
Yoshihiko Hiraca**, Atsushi Tanicawa**, Kosuke Moriya®**
and Masayuki KoBayasur*

We performed basic experiments using a vapor permeable membrane and got the following results:

(1) When the vapor permeable membrane tube was submerged in cool water, the volume of produced
water was in proportion to the different of vapor pressure between warm water and cool water.

(2) When the vapor permeable membrane tube was submerged in sand, the volume of produced water
depended on the physical condition of the sand. It increased when the sand contained a lot of water or when

warm and cool water was passed alternately.

(3) The combined tube consisted of a vapor permeable membrane tube which warm water passed through
and a vinyl tube which cool water passed through. The volume of produced water using the combined tube
reached five times as large as the volume of produced water when the vapor permeable membrane tube was

submerged in sand.

{4) The vapor permeable membrane tube submerged in sand was very effective for a cultivation. The
average yield of the leaf vegetable in the 2-tube plot was more than that of the 1-tube plot.

Key Words: Vapor permeable membrane, Tube, Irrigation, Distillation, Saline water
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5. F+ FilEDOERMESE A HIMKROZAL.

oS¢, ARHURED (7 i, SNV ST
CH2RF vl Fr Fi) OEREASRKRER 3
~5 12779 (U.S WEATHER BUreau, 1954-1992; Spanc-
LER and JENNE, 1990). Z & hO#licld 5 AREUE
IKOWTU RN 5,

1) 73V
FTISNEREAF T RS v EU XRF RS v OEBIA
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BL, #5317 — 7 It L NFHRE 4 o HEFtE: b 1E#)
THd (FK1). Kunlfg, ~y—1@H, e v X—-2 v
LIRS & b N T < A FHIRTERN 649.0X10°km? @ &
Y 7 & FIRER 465.0X10°km?2 D7 L) T
Mo 2 KEA, £hEndelf)EdEis SHAL T
AHFEHANINE SV, Th S OFRIOEO =AM Lifign
Wi IRIERI SR 0, EicHiEst & U CRIE
ahTWwa, 7, HURY S vEHIRELTVTHER
BEELICES, BlRY2FoLrEitcELTVT
ZEhepDis v, ERKRIZEN 100mm (F ¥ <41)
LEMEBUC TN, i 6~9 A ofk@AfinT
B0 (X3, 12~3 A 3ABATHEMNS 5 (Mick-
LN, 1988; # « #5, 1993; #H&, 1975; [LKiRidd, 1994;
Kusr, 1992).

2) XIS

rues vz 7 SERSICAR L, HECHE
¢, PEsE~mlL-#TH 3. Ellko#HATEA
I, A5, 77 R)NEE CHERIA S 5,
FHAIE IS, Th s oI EEEsSSH L,
T LRRASATY S, s ¥ 7SR
L, e HE TS 3. HAUOMKKE
BAER 120 mm &D78 <, B A 10 mm Fitk & ERE
WLTHiATH BN (Svny), EHREE (TA=T4)
T 3 (X4). 11 Adhah s 4 B F Tl
KU, CORARICHSHSS (5 - B, 1993; i
i# « fniE, 1975; W, 1973).

JRXFUH

K257 viglid, hREARKNED ¥ 2 5 <4 B
B, KilnlikeEsgiciE 4 5. tlaflhsohq4 b —
MEFLHE-HOFEARNMH b, HlEfllLba Y
F U TIDBHEHRLTWS, 24 b —OERIC3HE
HEIAES D, #IEE LTRSS hich, FHIPR
M1 - TV, Bk 100 mm EIFEDEV (8 .
B, 1993; B, 1993; &g, 1992).

4) Fo

F ¢ Figlid, 779 hhREBOS 5 PiOERTE
T, Fe ¥, =Vz—N, F4Y2YT7OEBICRRYT
3, ERFHARNG, EHOH L OENRTS
yeyllitoay R, BLURALLDITFTAX
NETH 2, MOy~ SBEELE-TEY, il
B4 F THRBBRECEDNS, BAL (RF5)
DRI IZAENI 200 mm B E DL, 6 AP S 9 A
ICEOELHHS (XG5). FHERBHUIBEVTOF +
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[X]6. NOAA/AVHRRIC X 5 7 5 il ilo
74— AHF =5kl (199248
14 H).

[X] 8. NOAA/AVHRRIC X %4 2 7 vl o
74 — IR AT — GRS (1990 1E8 ] 1
[,

FiFRAELERNIEE DML LTEAT &ML
NTW 3 (Scuneiper et al., 1985; ["JkHidh, 1991; 'Y
ko 1992).

3. B Ak

1) ER7—%

i L2 AL 7 — 13, LANDSAT itk o
MSS £ & O NOAA flii it #5ik0 AVHRR Iz & 0 il &
NIbOTH A, 75 METIRI97TIEN S 1992 4 %
TO B, Vi TI 197540 5 1992 EF T
DO, HFRF CHITIEE 1976 4EN S 19925 TD
TWE D7 — 5 %, $/2F + FllTIE 1973 15 5 1992
EETO 130D F— & F i,

[ 7. NOAA/AVHRR Iz & B ¥ vl o
T4 = AN T =K% (1990458 J] 1
B

[%9. NOAA/AVHRRIZL B F + Fillliiod 7 + —
N2 T —GEkig (1992425 )1 9 1),

7= 7 OGNS, FERIOFRK N 3 5 90 B
DA B~ D1 L TRIEM S 2L 2 M 5 &
VI Hiln S, HIETREEFHOLOTHE L T
I VT IOV 6~9 Hosil (4 3) T, /<
o villl, K27 OB S TR O i
IO (K 4) Zdutiz, For FTREREORD
D@ 3~5 ] (X56) iciills - boTli— L. fof2
L, 1970 4E{8@ LANDSAT & — # 2% L T, N
F= 3, BHOK—EH Lot i, Fo
FIITCIRYL SR (HEORIR) OF— 4 i bala
7.

i S ORI & A O SR o AR A L o e
oW THId A1z, 19851Eh 5 1989 iE To
GVI (Global Vegetation Index) 7o % 2 @ NDVI
(Normarized Difference Vegetation Index) ¥ — ¥ % JH
Wiz, TOF -4, NOAA/AVHRR #— % & &
SHEHEA LS LTS & A GAC (Global Area Cover-



age) ¥— 92 EH¥F 4 7 LTERS BB OLK
F—% (1 BREFEFNETH 16km) & LTEHASH
TW3 (NOAA/NESDIS/NCDC/SDSD, 1990). ##f3%
Tk, ChiESIcARMT -7 IBEL T boEE
FRTICBER L -,

&5, 1970 SELIHTOM & BT S 1oic, 1960
EEER & h 7t o WDB (World Data Bank)-I
DB LUTFANIF— 5%, 100 F5D 1 ONC (World
Aeronautical and Operational Navigation Chart) % {if
ALk

2) WMEBEROBRFR

(1) BRI & ST HEIE

ZMOMBEBR ORI, T ORIOKIK & BDELE:R
2SUABERELTIT- k. 20fRBR1 L2
PRICHETE L 72 BHRERSYC, 7 5 vilihs 600 km PUE B X
T 1,600 km P9A, ¥/~ i#H5 800 km X700 km,
R 7 7iiH5 300 km PO5, F + Fiidf 450 km [E % %
hEFhSUTMETH 5.

BB L TY Y >~ 7Y v FRBIc & o &
E£2fTV, BEOEGEERSOE. SHESEICHE
—&hi- MR E LT, SRS oiricE L
EATIMMEREERA L., M LRSS ETER, 2%
H3VIE3ROBEAREH VT, HiBEBEEE S R
BLOBEET-- TOETBREE, NOAA/
AVHRR ¥—- 9 TE 74N, 54 i 1L.0ERUART
H o1 (ZFh3d, 1983; dul) - Ak, 1993).

LANDSAT/MSS #— % icBAL Tid, SXi%ER (E
K L8 —vickhh—xh30T %h
5% 1 y—yOEBITESFA 7 LTRIFICAVWE. 73
V@ENRMAVvETIRIZY -y, ERAFUYBTIR2
Y=V, F+ FHTIR3 v—vickhKEMIITH v —
&hs (hilizd, 1984).

BIRIER DB BB % MK T 3 ER ORI,
NOAA/AVHRR ¥ — ¥ #¢ 1.0 km, LANDSAT /MSS
F—9h05km &L,

MEIFERDT 5 Ve, A~ Vi, ERF UH
F 4+ FMOAVHRR 7 + — V2 7 5 —SREK X 6
~H9icxhehird.

(2) Kigids & LI DM & ZE bR

BAIFMES W SEBOAEFRINK L TTRIET -5 &b
ER LR AEEENDVI 2R HE KL L 2. NOAA/
AVHRR O£ EoH R, GVI7o¥ s+ -4
TRASATWAREREZIC LT &S BRicES
%fT - 7= (NOAA/NESDIS/NCDC/SDSD, 1990).
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CH2—-CH1
CH2 + CH1

T CH2, CHI BAVHRRF— 9D F + v 212
CEFAEBFT— %) LF+ 2] (AT —-4) T,
MSS #— 4 TiRENREFNY F T GEFRARFT—4) &
5 (AR 7 — ») £AVW/. AVHRR & MSS 04
ik L URTRIRO BRI RN I 2 ffid i hhts 348,
BRI’ >1L 512, NDVI &R THEBREDS
HRIFETH A1, 2oRBRDEV. 12, 2, b
BEMT, £hFh 1000 2HVE.

NDVIF—2icxd LT, LEWHEEZBET A &ick
b, MREFENEKIE, B0 HER BLUZR BT
BERHRET > CCTRVRHEERE I}, ATH
B 57— 5 Tufigic ik LR O R R h
3MaT, fEFfShEt, B, BHnsEatit
Behs BEIUMEORSP, Kk & FoBmINI
lAVHRR F + V2 VA4 DBKREAF— 9 2 BRL 1
(NOAA/NESDIS/NCDC/SDSD, 1991), & — ¥ (38§
T, F—oMREHERIC | BIRME—ERIc L5 &
JRBAMEENTE D, REHOEEHEH Y ~ b
L, ZOEISEROEIHESE» i THBZEHL ..
F 1, BRVIOMFEESE CHERITETY, SHHEEE
DBRVERD B Ltk b, KR, HEEROE( LSRR
HET- 1.

T, ATHET -9 Offlizi3iR 1970 ERM ST
37w, ThUfioKkiEE & d 301 WDB
(World Data Bank)-1I o35 < st — 9 S (E
B L - #IREEg s AV, s R,

NDVI= Xa+hb (1)

3) WEERORITHE

AR TR - LB L LB O LI, Hirnb
O LABER bOETHETNTED, I THER
BRIFTHBICELShABEIC>VLWTRI L.
ALHEIC & 387 — 7 2 FEHABIC L hEBFL
T, 7kiEd 3 WIREEROR S ETWERERD 254
ORE R, ATHBT— 5 OEMSREIIREST 3. C
h% 2 QT TUTIECHRT 3.

ORRH T 2 R/NRFIBELIC & 2E

QMR ZERS RIEOIERIC & 3 HBIORE
OrBL T, MRYIOBINE/ MRS IIHE T — 5 OF)
BEWRT 2EHROKEETH S, T4bb, LAND
SAT1 ~38 OMSST 31 ¥ A 56X79m
(NASA/GSFC, 1977) T, NOAA #i® AVHRR Tt
# 1.1X 1.1 km (NOAA/NESDIS/NCDC/SDSD, 1991)
THb. 0D, OEHBIHHIFRIREDR/NABIEA
&Ry, ThPTombto@ilikcanyn, AHRTR
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MSS DN RiEIcB L TR, A Y Y F VBN REE
&b, 250m % it 500 m ITHIN S 3 HIR RIS RRIE
WS LTI RV

F 7z, [Bl—+ 4 T OB X b HREMIRRIEN
K155, MSS TRERINABFOEEMA (11.56°) k<,
ERA OB ZERINRRIEIC K X 132137V, AVHRR
CRLTREEANPRET LD £654° LKW,
EBEIE (BEROMEL) T, HDOHREHRD
thif ORFIc & DI REBSREMSET 5. F10ic
EHA L BEROMEZEMNREOMFERT Y, HEE
T 700~750 ERFHET 20km KLEE D, LPlik
LICTHINRENET T2 LMREATVWS, Toft
b F coEREFROTERICANS &, | EROZEMS
#Zikid 1.1~22km OHEFATE(LT 3%, # 2.2km
% 1.6 km (TEHLMET & 0 %9 720 E5kE) OB/NDHE
BEMIcESE, COBEORBVWEERT IANENS
5. 113U, EBREORIRTIIEEMHIEET > S aHiE

TR
(ka)
or
8 b
1

6 b

°%83E 28328382882 R888¢8°%8
HFMrSOBRK

NOAA/AVHRR OEBHICHT LEFED

7S ARfE.

(2)
0.0}

B 1o0.

i 150t
it

*10.0

BOF—-DILBABOEREXTHHTEILD
Hb, TOHAIRMH35kmX1.9km Eih, OB
RERT ILBENS B,

@il T}, FRF rEIEMRIC LIz MSS (56 m)
» 5 AVHRR DO ERR DO ME R EIREICHY T
BERETOYIab—vavF—y2ERL, Hits
By, Br~rTkis, Bt 2ofiosgizsT
W, REMSREEICR—RIRAOKR & LR omil
HREHBLT, FOEROWTHNE, HILicHER
7 vifl& = DRSO KIS & AR OB RIER O
BB ERT. MREMIBIEDE T IcpE KR E
BEROERL, HERIMNERLT, SBcREQ
KEHSETOBREMNSThB & MFbEhE COR
A LT, MREMIREDETICHY, KKTIRA
BV O/NS M ORBIMEL < LB T &P, Mk
HRTRTONICHET S EOBRAHEL 4B
T &N, ERHFECLORERTE S,

AR TRFICHVWRF— 213, 250m, 500m, 1.1
km (EMZEMHEHEIR 1.1~35km) ThHoa1H, £h
Fh#250m, 500m, 22km, 34km OY oL —
¥ a v F— i & B0R L AR ONREFEA O S HE
BiR%E llkm ObOLHEZE LT, FhoDEEH
~fz, AL T, 1.1 km (7.4%) 3 LT 250 m,
500 m, 2.2 km, 34 km M ZhEFh 05%, 03%,
—0.5%,—0.3% (A £0.5%) i XHitcEnEL, [
L STz, £heh —0.8%, —0.1%, 0.4%, 0.5%
(BK— 08~+05%) &ii-/., Chixmffict 3,
TKIZHH T BKTH £60 km? (£0.5%), iR
Ti3% —100 km?~+60 km? (—0.8~+0.5%) BED
BENESThATHEEMS 3. #->T, BEXT(LOSDHH
THINSDEEERT 248N H 5.

5.0F

g = o e
= 1SN
5 1

! 1 |

A A, 1 A 1

50 100 200 500 1000 2000 4000  (m)
IR LR HNE

X 11, ERSFIEOHRIZHE S KK & EERO S HEBILROLAL.



(al:WDB-I) (a2:1977.7~9)

(a6:1989.7.6) (a7:1990.7.11)

(23:1980.6.6)

I-»- b o

(a8:1991.7.30)
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(ad:1983.7.31) (a5:1988.7.3)

(a9:1992.8.14)

X 12. (al~a9) WDB-Il B L UATHE T — #ic k57 7 ilgokigd 2L,
al: WDB-II, a2: LANDSAT/MSS, a3~a9: NOAA/AVHRR
%2 ATHREF—7i1ck 373 VilFOABEOHRZAL,
Hi/ e vy e GEAR) ¥ 12 i HEe iz Sk IEZE LA (< 10% km?)
e 4 ) 1= =) H] = 810 a2
(XT0°km%) | gty | 4Epa2cqE
LANDSAT-2/MSS 1977 4£ 7~9 H a2 55.3 - -
NOAA-8/AVHRR 198046 H 6H a3 53.6 1.7 0.6
NOAA-9/AVHRR 19834E7 H 31 H ad 49.0 4.6 1.5
NOAA-11/AVHRR 19884E7H 3 [ a5 427 6.3 1.3
NOAA-11/AVHRR 198047 H 6H a6 41.4 1.3 1.3
NOAA-11/AVHRR 199047 H 11 H a7 39.3 2.1 2.1
NOAA-11/AVHRR 1991457 H 30 H a8 37.2 2.1 2.1
NOAA-11/AVHRR 199248 H 14 H a9 36.6 0.6 0.6
3EEZONAB,

4. JKiES L U DL

1) 7SI

(1) Kozl

1960 4EEHICfER & 7 WDB-1I, LANDSAT/MSS
& P NOAA/AVHRR 7 — ¥ Z 87T L 727kl tH i
B2 12 (al~a9) oiih THY, kb ShiokEom
HrXziomd, Cho b6 E2BMULALT 5 DK
WAL OFF IR DM D Th 5.

OWDB-1I ¥ — # (al) ic3t—5 < 1960 HAHIHAD 7l
Mififd, it (KD LRshkhboLd3ERLT
Hofols, ST 5 VDRI ERY 5 LETO
1960~1965 4EEfD KR (MickLin, 1988) #Zb L TWL

iz, 1977 4 (a2) OifI3#) 84% 1oL,
Hifll s koo, fEilo =MM TR LA IcE
bhTwa, fic, HoERRIENE~E» - Th
#9730 km BEj L 72,

@1980 4F (a3) H 5 1980 U4 (ab) FTITIE, 122
X 10°m? HipE(k L, KIERERHE 1960 SEREIETIc G LT
#1629 &18 -t T OZLIZEFEEH 1.2X10° km? i
HY9 5, CoMoiEEaEbe, JMWEEo R~
DRI L BOILATH B,

@1990 4E (a7) 1T A B &, R/ @ ETEE 1.6 %
10°km? &ppinmiah, 19924F (a9) o/KIRHHLZ
1960 AEAFIHIIZ L~ TH) 55% 1270 » fo. Bz k&
LT, dtfa/h7 5 0 EREOKRT 7 vissriEs iz
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(A1:1983.7.31) (AZ:1988.
{13, (Al~A3) ALMEF—%ick 3

1.3) (A3:1992.8.14)
7 7 il OFAFINIR W O 2L,

#3. ALHRF— 21T 7T 7 Vg~ OFAFIIR O ORISR OZEAL (% 10° km?),

1983 4 1988 4F 1992 4

L S (R13: A1) (13 A2) (K 13: A3)
Ra: {1 26 2.4 3.6
S aEal Rb: thifil 183 188 195
&3 (Ra-+Rb) 20.9 21.2 23.1
Re: ff DI 23.8 24.0 28.7
Tt Il Rd: itk = 47 19
iE A Ra+Rb+Re 44.7 45.2 51.8

60

s
o

Pt

T LF) T INOREE i
\’_/

L

i (< 10°km?)

)
=]

) TINORIEIR

1977 1980 1985 1990 iE

K14, 7 5 vifFoKE & HEROZA L,

&7, HIU#IEREIE 1960 EFEIO MM S 70 km
LI EMoRBI~NET L. #2750, mo7 A5y 7l
FOMREO =AM PP L, Be okl &b
DREELTVS EEZ R AMEAHIIEh B,

(2) RO

1983 4 (A1), 1988 4F (A2), 1992 4F (A3) @ AVH-
RRF—#Ick b7 650 TIE 7)) 7THOR T
1% S Hikel o M F P 43 BN % 13 13 1R
YT TICo2VWTR, 7 vH+@HIOlEEOh
13527 b AEEMBELUTF v 0y v NEFP ST SV
#FE TOMTHO=MM (X 13-A3 @ Ra: LUF[EHIC
o) & i (Rb) OffitEomiic>wT, 745
TIZ2WTIEF Yy — Ao N» & 7 5 Vil E
TOXMD A5, FO=ZAMESE T (Re) &hif
i (Rd) oftitEofifiic>WT, FhENBENLLE
Lt Lz, 24, Co2mloBoF sy —alh
BN bAlIIC L 5 & FZ ShAREEBM L TO
A, ThookitkEgid, LANDSAT/MSS [#i{§ oz
ONC [, ik (Mickrin, 1988; [KiRi3/, 1994) %
ho, FicHipthe LTRHShTOE T &b s,
F 3o e 0Z{LERT.

it 4t 14 1983 4EH S 1992 4 & THLAZESET T
Bb, TOI0ERTH 16% REHA LA &b
Mot BT 2 W) ORO=MM TOIAMBEL <, £
20~40% DILAHE SNz,
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FyNhPary
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1960 1970

1980 1990 : 3

K15 735 vigRBOERKR DL,

(3) ki L UHIEIRDOEAL E KR T — 5 DLk

H14ic7 S VEDKIKRE, A5V T7INBLTT A
79 7 OHEIROTERELE 7 5 7 IKRT

IKIRRBEAF/PLTVWB I EMREN, F0ELRI
BE—ETHY, Thicxl THEERIIEAERLTY
3. $iC 1988 LI IC A ORI MYML TS
D, TAF8YTNROTRICEF LW EARENL.

7 5 VR ERARNBVOBRIAICE T S 1960
LB OERKROZE(LAER 16 (279, Bkitiz 1970
ERBEEICPPEVEERT A, LUk, HMmssvwidt
RL, 1980 ERIBZIBIFZ—EBEEZI OB, 1, FEY
KUBPETGKARKTE L TS, 1970 ERFIED S
1980 EERFIE I h T TP LRERIZRL, Lok
{ERBLrUEfBIERLE:, ChORRT— 5 Ot Hh
S KRB DOBRIIREN TV,

KIgO /N & HEROTmMBMERRERH L kS5
TlE LTERDLDOTWT, COERIROR(LL IR
RAFREICEZbDEEL OGNS, THbBIFERICE
i 2 RO 1= S DBUKIZ & B FNKIERMS T 5 Vilg~D
HMAKOBDEF R L, EROCHKRORD (K
BogN) Lii-TRbhiEELSNS,

YYFYT, TLAYYTOmENBVD MSS F—- 9
2T AL, LD ST 3 EBICHED - TRIIGEHBR
{15h, KBEBDLLTWAZ EdRahi (BiLiEs»
1994b). Hic, WEROF & TRIINGORK/ NIHEETH
Y, WEETORIIKOHEE L THASh S,

CDEH, 7TI5VBOKEMNMNIKREALTIRE
<, ARBHEEhC & 3EBHEENICZRDNTVWELER

5h3,

2) N

(1) AEB & UHEIRO R LIRS

WDB-Il, LANDSAT/MSS & U NOAA/AVHRR
7 — & RN U 2ok & il AR o i 4135 16 (B
~B7) TH b, KoK HEROEmBER4IC
AT, ThoERT7E2BRBLI VA v#OKIRE il
BOTLOHBIROBED TH 3.

D1975 £ (B2) oskigm#tiz, WDB-1I #— # (Bl) ic
S AHEBIPHHRICLBEEBIZRILTHY, COEH
TEAMNBE Vb ot T EMbh 1. MSSEIR
(1975 %F) WAL THET S L, 1 ) )IISDFEAFN
OB E LTHHES TV 38a8EW &
Bbh s,

@1980 £ HTE (B3) okigimitiz, 1975 F & H#
LT#1 5% (0.9X103km?) B ERD L. O3
FEE T oL E L Tl LIcERF IR, EE—
THHFROMOARADOBH & L TERbh.

@1980 SERFH D S H T T bKIROERITE/
DS B, BETEPMICH - 4. 1980 ERK (B4, BS)
oRmERNE, HEHROBEICH~THIY EEEDL
. FLOBEE LIRS, BEREOMRRVEhRICESE
Hr-PEEsBaTH 5. Fi, mEllOHEERTC ORI
HAERLTHD, B4 VBV THEETH 1.

@1990 4% (B6, B7) It A3 &, KiRo&HD, HAE
DIERRIDIETE 12,
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(2) ki L ORI O L E [F T — ¥ DI
I & A O B LA 1T ISR, Sy EifA
Al b T vy, A—=vE (M1) cBitb
1954 AELIFE DAEFR KTt 2L 2] 18 1277

17 &b, Kl 1970 R0 5 1980 A Z T

(B1:WDB-1) (B2:1975.4~5)

(B4:1988.6.15)

®

¥

(B6:1990.8.1)

(B7:1992.7.13)

[K16. (BI~B7) WDB-II &k CATHiE 7~ ¥
1k B S v KR & AR o 25
Bl: WDB-II, B2: LANDSAT/MSS, B3~

B7: NOAA/AVHRR

BRI L b, 1990 EIEE bADIE T - e,
—, WAFN CEA D v okidiEig 1980 4
TP ik L, 1990 R TR LMD { - T
B, KikofiNEfAEOIADBEE L TWwa ki
RA 3,

Wi oK EHZAERKY 120~130 mm fEEE &b
<y VN ORKOYEHRE T LT IR A —= vk
bgoRKilbiRfhEToREAKRICEFELTVWE EHEA S
A, Bkdbid, s vT 1960 AE D S 1980
FERGPEE TR PLUHTHY, 1 —=»Th 1960 4
R 5 1970 ERFPRETES L 0D, g
AR LTWA, TART ¥ TRENSEAZVLOD
Wofb)izs shiivn, £, S vay, 4=
= IR bR IR S b, RS EEE
R THERS LTV T, 1990 HEIT A b iz |
FLi:CEhREni.

Pl &md, [GRF—sEEhSRAMA VD
AdF D ORRZEFRIHE S 2 S E# LY. CoFLRIK
D—2& LT, WAL WSHTHEI D, HAMII
IV ORAIEIC B 2R X ARk fo s A
NRBSED L, £ 0fsRE L THkIgoRbH15| ik
ShicZ &g Eh 5,

3) RxFvH

(1) 7kl & oo 2 (L

1960 ELE{ERK® WDB-11, 1976 4Eh 5 1992 £ ©
@ LANDSAT/MSS # & 0 NOAA/AVHRR ¥ — % %
AT L 2o KOs e I 13050 19 (S1~S8) Db TH b,
kb o iokIg & AR OMIRIE R b IRd. Thod
X8Ik b E AT vilioKEE FiEHROE(LORE
ROWYTH S,

MD1976 4 (S2) o7kigimifiit, WDB-II ¥— % (S1: 7
L1X10°km?) i & A1fH{L D 100 km? 13 &8 <, #
HEo &AM L DI 20 km? 1 F E T, MSS [lij{g 4
PR U T B &, AN, NSE, Wi,
st - T b, WDB-II Ot & MSS iz & 2 i

# 4. NLWRT— 71 X500 villokis & i o maiEdt.

Wi/ v BE CGEAR) | RIGEEES | UK, o
LANDSAT-2/MSS 1975 4E 4~5 H B2 184 =
NOAA-8/AVHRR 198346 H 21 H B3 17.3 5.8
NOAA-9/AVHRR 198846 Fj 16 A B4 16.6 7.6
NOAA-11/AVHRR 198947 H 6H B5 16.7 8.4
NOAA-11/AVHRR 199048 H 1H B6 16.7 8.7
NOAA-11/AVHRR 199247 A 13 H B7 16.6 8.4
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Monitoring Water and Vegetation Area Changes in Arid Lands Studied
with Satellite Data

Yasunori Nakayama¥*, Sotaro Tanaka¥*, Kunihiko ENpo** and Yuzou Suca***

Many lakes are distributed in the arid areas of the inland part of Central Asia and Africa. These lakes have
changed their level and area in response to water balance changes among the inflow volume, the outflow
volume and the evaporation. In the recent 20 to 30 years, rapid changes have taken place in several lakes. The
changes are quite rapid and large when compared with the long-term changes. Therefore, it is necessary to
investigated urgently this situation in detail with a unified method.

The authors have investigated the recent changes Aral Sea, Lake Balkhash, Bosten Lake in Central Asia
and Lake Chad in central Africa, by analyzing the multi-tempéral satellite data.

Mosaicked LANDSAT MSS and NOAA AVHRR images which were registered to the coordinates of a map
projection were used. Normalized difference vegetation index (NDVI) images were generated for land cover
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classification. The changes of water and vegetation area in and around the lake from the 1970’s to the 1990’s
were measured by comparing the land cover classification images with the geographical information data.

Next, based on this result, referring to the meteorological data, we described the feature of changes of
individual lakes. Further, we make a comparative analysis among the characteristics of these lakes. The
results can be summarized as follows.

1) In the region of Aral Sea and Lake Balkhash, the rapid shrinkage of water area was shown as a result
of the inflow decrease due to the irrigation expansion. The rapid shrinkage of water area also occurred in Lake
Chad due to the influence of human activities and climatic changes. In contrast with the above these lakes, the
variation of Bosten Lake was a small because of the stability in the balance between inflow and outflow of
river water.

2) By 1992, water area of Aral Sea shrunk to about 55% of the area described in the statistical table. On
the other hand, the vegetation area was growing in the delta around the river mouth of inflow river.

3) By 1992, the shrank water area of Lake Balkhash was about 9%. This change was smaller than that
of Aral Sea because the expansion of vegetation area was not so rapid as in the Aral Sea.

4) By 1992, the water area of Lake Chad became smaller, under about 6% of the value appearing in the
1960's. The variation of vegetation area occurred in the range of dried lake bottom. In the surroundings, no
irrigation around the water area has been found in contrast with the area of Aral Sea or Lake Balkhash.

5) The method using satellite image was proved most effective to investigate the rapid changes of lakes
in arid lands.

6) Classification accuracy of water and vegetation area by using satellite data, variates with the sensor
types, and the spatial resolution of acquired data. The estimation error reaches —8% to +89% for the water
area and —5% to +59 for the vegetation area at the maximum.

Key Words: Aral Sea, Lake Balkhash, Bosten Lake, Lake Chad, Changes of water and vegetation area,
Satellite data
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