BARDRFEEE ISSN 0917-6985

B R

VOL. 2 1992

JOURNAL OF ARID LAND STUDIES

A #%
W 38 =Y = — )l o R E

R R X
W g (s AR AERERE D o B o 5 B o b—= ) R o $ifl—
............................................................................................. 1_17
- R RN TTENE R fEE I A= NS & A S PR I i o> oy M
B ORI o 19-27
Rl PHOHE -k ko - B s e 7 B E, EEE M d s Lo
Y a v O E T OO O (HE3) e 29-37
Al BeERHEEZE-LER OHEo BE-B X DosstURRE
IKAFEATIRE(HESL) wvvveeenmemmii e 39-43
B #omeMEHEE-ZRRANE YedHEIE fESONT LY
F B B T A ROTROMERAL AN (LD ooeeerermememsseneeens 45-54
Al 81 - EEEA B H I 2D Y-y va v Ea— g ERWIOKEBER
@f;&b@fyﬁ‘fi"ﬂ/%ﬁ‘yzf’i&(ﬁ)’() ....................................... 55-63
2 2
RAHE-% B ) ETHES BARLOFWMBAEES oo 65-73
B S ERHTARE—HETEIREDER - vvrrre e e e 75-81
': :Z;qz ......................................................................................................... 82_83



NI B
HEFIEH
FERSEY:
By
il
By
FLEY:
fEEY:

O W
Hp
@ ¥ M

AXVRPSRERE
(1992~1993 £FR)

fgHEte, #E M
MRt & KE R
FHRIE®IE

BEE B RE B
LAY T
FRbEC, #BfF ®

& ¥ FEOXRN LB #

FEA AT B A W WEH= WIIIEER 4£AAH# HHEEX TEEX S8 8 EEHEZ
R#HMGRE, DIEER FhELEC, MBERA, BR & MM & WKEX AK—RB, R%TE,
PMEACEE, NEIERE /NME B BHEE, EBREX HBITR TRESE LR M SEED
BMILERE SR R¥E H WAEE BE & #Rikr, Rt KMEYE B4R B £HO
RES, REFRA, SHIEH HHES

President
Vice-President

The Japanese Association for Arid Land Studies

Iwao KoBor1
Masatoshi YosHiNo

Executive Committee Members

General Affairs
Editorials
Treasury
Liaisons
Meeting Affairs
Plannings
Auditors
Councilors

Tomoyuki HAkAMATA, Isao Enpo

Hiroshi KapoMura, Takeru Akazawa

Yoshimasa CHivoNoBu

Isao Enpo, Satoshi MaTsumoTo

Satoshi MaTsumoTo, Masatoshi KonisHt

Motoko KATAKURA, Isao Enpo

Yoshiro MuracucHi, Kiyoshi TsucHiya

Takeru Akazawa, Hiroyuki IsHi, Yuzo ITacaki, Masami IcHikawa, Hisao WusHiKki,
Namio Ecami, Isao Enpo, Kunihiko Enpo, Hiroo Onmori, Katsuro Ocawa, Motoko
Katakura, Yasumaru Karto, Makoto KatsumaTa, Hiroshi Kapomura, Mutsuo
Kawaroko, Kazutake Kyuma, Motohiko Koco, Toshinori Kojima, Masatoshi KonisHi,
Iwao KoBori, Kiyohiko Sakural, Toshio SaTa, Jiro TaNAkA, Yoshimasa CHivoNoBuy,
Kiyoshi Tsuchiva, Shinya Tsuru, Seiei Toovama, Masao Tovama, Tadashi
NacaHAMA, Banri Namikawa, Makoto NumaTa, Tomoyuki HakaMaTa, Shun-ya Hino,
Akimasa Masupa, Satoshi Martsumoro, Yoshiro Mutacuchi, Tomohisa Yano,
Masatoshi YosHino, Sakuji YosHiMURA



= Uz =V E OFEIE

Rice Cultivation in the Niger Bend

B 1. EhoRAi=Y o —)EiRoKE (1990 £9 ).
Photo 1. Rice field in the Niger Bend viewed from airplane (September 1990).

B2 #hroBi=v - —uIiEdtokmE (1986 412 A).
Photo 2. Rice field in the Niger Bend viewed from ship (December 1986).
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BEFL BRI ERE N bDOTH BT, 203
EA LD, 1980 ELIRE, KB ohis{ T, MIEREEIC
B-TwWaoThs (X13).

L7:%8->T, Dijenné MusioBistgidE L < Bbns
FHLES. L LREBALC &ic, 48 Djenné 718
7z Djenné MUBELEAEOHI IR 14 IR LA LS
HBELEE, A LEOEER, ERLoELE
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Drought and Human Productive Activities in Sub-Sahara Zone
—Case study in Mali—

Yoshihito SHimapa*

Drought causes highly diversifield effects ori human life according to regions and kinds of production.
Taking the case of Mali, where same degree of drought has prevailed since 1969 all over the country, I tried
to make clear some controversial human aspects of drought.

1) The effects of drought on the cereal and animal poductions in Mali are contrasted between Sahel and
Sudan. Negative effects are limited to the former part, while the wetter Sudanian regions, formerly too wet to
develop agro-pastoral production, have augmented their production in the same period.

The effect on each kind of production is variable. Cereals are the most sensitive and get nagative effects
even in the drier zone of Sudan, while cattle production scarcely goes down there. Sheeps and goats are the
most resistive and diminish, though drastically, only in the Saharan Sahel zone.

2) The serious problem for the people in Sahel comes from the diminution of flood plains in which Sahel
abounds. Particularily, the Innner Delta of the Niger has provided vast priviledged terrains for natural
irrigation farming (rice and sorghum), pastoralism and fishing. But now these plains are reduced and all the
fringes of the Delta are suffering from drought.

This drought is no less violent in the southern fringe of the Delta than in the northern part, for slightly
flooded plains easy to exploit are widely extending in the upper Delta. This part is therefore the most
populated and developped part of the Delta, in the heart of which Djenné, famous Islamic trading city, is
situated. This is also the reason for which this part is the most fragile to drought. Even Pondori, vast zone of
marshy flood plains (Bourgou) extending south to Djenné and rich in paturages and fishing as well as in rice
production, is now dried up. In a word, Djenné is dried up.

3) Cereal production increases however in the Djenné Cercle, since people began to cultivate sorghum-
millet in the ex-rice fields and rice in the ex-paturages, but at the sacrifice of pastoralism and fishing. The
complex relationship established between different kinds of production, pastoralism, fishing, flood plains
farming, dry farming, crafts and commerce is now in crisis. Animal manure being no more furnished, the
ex-flood plains are weakening in their productive capacity. People lose as well their capacity in money
economy, because cereal production can not gain so much cash as cattle husbandary and fishing. Finally, this
is a highly political crisis, for all the customs and rights concerning the uses of the natural resources which
have been admitted among the peoples concerned now come into question.

Key Words: Drought, Sub-Sahara, The Inner Delta of the Niger, Pastoralism, Flood plains farming

*The faculty of Social and Human Sciences, Shizuoka University. 836 Ohya, Shizuoka, 422 Japan.
(Received Aug. 3, 1992; Accepted Sept. 14, 1992)
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The Capture Methods of Salt Accumulated on the Surface of Soil

Yukuo ABe* Tomoharu YamacucHr*, Seiji Yokota¥,
Yoshiyuki Outsuka** and Hiroyuki Ir¥*

Salt accumulation in soils is one of the serious problems on agricultural production in the arid and
semi-arid regions of the world. As a countermeasure to such soil salinization, we have developed a new method
to capture the salt accmulated on the surface of soil, with using "salt-capture-sheet™ attached on the soil
surface. The capture-sheet is composed of a medical gauze, a filter paper, and/or a vinyl sheet. Some basic
characteristics for salt solute transport, and the amount of salts captured on the sheet, are experimentally
examined with three different types of the capture sheet, ie, a flat-sheet, a stick-gauze, and a restricted
evaporation type.

Results are as follows:

1) Among the three kinds of flat-sheets wholly covering soil surface, a five-layered gauzes sheet could
capture the salt completely.

2) Furthermore, the complex of three stick-gauzes and flat-sheets type, and the restricted evaporation
type using a thin vinyl sheet, could effectively transfer the solute onto the stick and capture the salt of soil.

Key Words: Soil salt, Accumulation, Capture sheet

* University of Tsukuba. Tennodai, Tsukuba, Ibaraki, 305 Japan.
** Shimizu Corporation. 3-4-17 Etchujima, Koto-ku, Tokyo, 135 Japan.
(Received July 13, 1992; Accepted Oct. 23, 1992)
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Distribution of Salt-Constituting Chemical Species in the Desert Soils

of the Turpan Basin and Junggar Basin, Xinjiang, China

Akihiko Okapa¥*, Sadayo Yasukr¥, Cong-Qiang Liv* and Zi-Wei Huang**

Abstract

The distribution of water-soluble salt species in the sandy soils of the deserted lands in
Xinjiang was investigated. The sampling sites are the deserted lands locating at the southern
foot of the Huoyanshan Mountains in Turpan Basin and at Liuhudi and Mosuowan areas in
Junggar Basin. The salt-constituting ionic species, Na*, Ca®*, Mg?*, C1~ and SOZ", generally
concentrate at the surface soil, 0-10 cm in depth. The surface soil near the Huoyanshan
Mountains is enriched in Na* and SO?~, and that at Mosuowan and Lihudi is rich in Na*, C1~
and SO2. It is noticed that the Mosuowan surface soil enriches significant amounst of NO;™,
about 2.2 mg/g of soil. The salt minerals found in the soils are thenardite (Na,SO,), glauberite
(Na,S0,-CaS0,), gypsum (CaSO,-2H,0), bassanite (CaSO,-0.5H;0) and eugsterite (2Na,SO,*
CaS0,-2H,0). In the soil profile of the sandy soil near the Huoyanshan Mountains, the
distribution of salt mineral species from the underground at the depth of 1 m toward the
surface of the ground appears to reflect the crystallization from the saturated aqueous salt
solution by the gradual loss of water during the evaporation.

Key Words: Desert, Desert soil, Salt, Evaporite, Gypsum, Bassanite, Thenardite, Glauberite,
Eugsterite, Xinjiang, Turpan Basin, Junggar Basin

1. Introduction

In the arid environment, so-called saline soil
is formed by the gradual accumulation of wa-
ter-soluble salt species during the evaporation
of natural water. The increase of soil salinity
causes the decrease of biological productivity
in the area, and consequently brings about the
degradation of lands. From the geochemical
viewpoints, it is considered that the saliniza-
tion is caused by the migration and redistribu-
tion of chemical elements in the soil environ-
ment. In 1987, we had a field survey in the
Turpan Basin and the southern area of the
Junggar Basin, and collected the soil samples at
three locations in the arid, deserted lands. In
this work, geochemical and mineralogical stud-
ies of these soil samples were performed for the
purpose to investigate the geochemical behav-
ior of water-soluble chemical species in soils of
arid lands.

2. Samples and Sampling Sites

Soil samples were collected at three loca-
tions in the deserted lands of Xinjiang, i.e., the
deserted land adjacent to the drifting sand
dune area locating at the southern foot of Huo-
yanshan Mountains in Turpan Basin (abbr,
Huoyanshan soil), the sandy land adjacent to
the sand dune area at Mosuowan in Junggar
Basin (abbr., Mosuowan soil) and the deserted
land at Liuhudi in Junggar Basin (abbr., Liu-
hudi soil). Fig. 1 shows the locations of sam-
pling sites. Samples were taken at every 5 to
10 cm depth from the surface of the ground to
the bottom of the soil profile, about 1 m in
depth. The sampling site of the Huoyanshan
soil locates at about 30 km ESE of Turpan City.
The soil samples were collected at the inter-
dune ground lying between linear-shaped sand
dunes. The surface of the ground is covered
with hard soil crust, 1-2 cm thick, composed
mainly of a mixture of clay and fine sand.

* RIKEN (Institute of Physical and Chemical Research). Hirosawa 2-1, Wako-shi, Saitama, 351-01 Japan.
*=* Yinjiang Institute of Biology, Pedology and Desert Research, Academia Sinica. Urumugi, Xinjiang, People’s Republic

of China.

(Received July 13, 1992; Accepted Sept. 24, 1992)
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Fig. 1. Location of soil-sampling sites.

Site 1: deserted land near Huoyanshan Mountains in Turpan Basin. Site 2: Mosuowan area in
Junggar Basin. Site 3: Liuhudi area in Junggar Basin.
A: mountain belt of higher elevation. B: mountain belt of lower elevation. C: plateau. D: plain or

basin.

Mosuowan area situated at about 120 km
north of Shihezi City is an oasis locating at the
southern periphery of the Gurbantenggut
Desert in Junggar Basin. The sampling site is a
deserted land close to the sand dune area.
Dunes are mostly 10-20 m high. The soil is
sandy, and the ground water level is below 3 m
in depth. Liuhudi is also an oasis situated at
about 50 km north of Shihezi City. It is located
on the alluvial fan developed from the lower
mountain areas infront of northern side of Tian-
shan Mountains. The soil is sandy silt, and the
development of farm fields is progressing in
this area. The ground water level is more than
4 m below the surface.

The climatic condition controls the forma-
tion of evaporative salt minerals in the arid
and semiarid environment and the concentra-
tion of salts in the soil. Annual precipitation at
Turpan is 10-30 mm (18 mm on average), and
that in the southern part of Junggar Basin is
70-150 mm. Annual evaporation at Turpan is

nearly 3,000 mm.
3. Experimental Method

1) Chemical Analysis

About 50 ml of distilled water was added to
each 5 g of soil sample, and then after 12 hours’
shaking, water-portion was filtrated for chemi-
cal analysis. The quantitative analysis of ionic
species, Na*, K*, Cl7, SO% and NO, in the
water-extracts was carried out by using an ion
chromatography, Dionex 200 i/SP. Ca and Mg
contents in water-extracts were analyzed by
using an atomic absorption spectrometer.

2) Mineralogical Analysis

Salt grains, generally 0.5-2 mm in size, in the
soil samples were separated by hand-picking
under the stereomicroscope at the magnifica-
tion of X 10 to X 80. The identification of salt
mineral species was carried out by the analysis
of X-ray powder pattern obtained by the Debye
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Table 1. Composition of water extracted species from the Huoyanshan soil (wt. %).

Depth (cm) Na K Mg Ca NO,; Cl SO,
0 277 0.0067 0.0044 0.092 0.0250 0.190 6.09
10 0.63 0.0060 0.0049 0.097 0.0084 0.450 1.14
20 0.98 0.0042 0.0058 0.102 0.0078 0.077 2.56
30 0.73 0.0030 0.0220 0.142 0.0420 0.400 1.96
40 1.24 0.0030 0.0210 0.123 0.0490 0.550 2.64
50 0.74 0.0012 0.0200 0.141 0.0390 0410 1.94
60 0.84 0.0018 0.0130 0.129 0.0380 0470 1.98
70 1.23 0.0030 0.0110 0.137 0.0370 1.180 1.83
80 1.36 0.0030 0.0120 0.132 0.0320 1.480 1.56
90 1.44 0.0030 0.0043 0.123 0.0140 0.390 1.46
100 0.39 0.0006 0.0033 0.060 0.0110 0.210 0.83

Table 2. Composition of water extracted species from the Mosuowan soil (wt. %).

Depth (cm) Na K Mg Ca NO, Cl SO,
0 1.520 0.0065 0.0001 - 0.2160 1.1000 0.9800
10 0.870 0.0077 0.0002 0.0005 0.2130 0.5600 0.2600
20 0.370 0.0049 0.0004 - - 0.0030 0.4100
30 0.190 0.0054 0.0003 - - 0.0048 0.1200
40 0.530 0.0054 0.0030 0.0020 - 0.6300 0.1600
50 0.190 0.0004 0.0005 - 0.0170 0.1800 0.0310
60 0.160 0.0003 0.0025 - 0.0150 0.1500 0.0220
70 0.120 0.0004 0.0024 - 0.0110 0.1100 0.0150
80 0.085 0.0003 0.0025 - 0.0043 0.0110 0.0190
90 0.085 0.0003 0.0023 = 0.0042 0.0099 0.0170
100 0.087 0.0003 0.0020 - 0.0018 0.0097 0.0240
Table 3. Composition of water extracted species from the Liuhudi soil (wt.%).
Depth (cm) Na K Mg Ca NO, Cl SO,
0 0.190 0.0027 0.0016 0.0100 0.0036 0.230 0.050
10 0.570 0.0013 0.0360 0.3070 0.0058 0.720 1.140
20 0.160 0.0016 0.0036 0.0950 0.0004 0.180 0.520
30 0.130 0.0017 0.0030 0.0890 - 0.130 0.520
40 0.140 0.0020 0.0033 0.0570 - 0.130 0.330
50 0.110 0.0008 0.0016 0.0410 - 0.096 0.260
60 0.085 0.0008 0.0004 0.0045 - 0.071 0.061
70 0.130 0.0033 0.0012 0.0140 - 0.110 0.140
80 0.097 0.0024 0.0017 0.0240 - 0.081 0.150
90 0.400 0.0032 0.0021 0.0230 - 0.400 0.230
100 0.071 0.0028 0.0018 0.0220 - 0.052 0.130

Ca?*, Mg?*, K*, C1~ and NO;~. In the Mosuo-
wan soil, Na*, C1~ and SO%~ contents of the
surface soil are rather high. However, Ca con-
tent is much lower than that of Huoyanshan
and Liuhudi soils. Mosuowan soil is character-

istic of higher content of water-extractable
NO;~, about 2.2 mg/g of soil, than the soil sam-
ples of the other two sampling sites. It has
been known that locally nitrate-rich soil areas,
ranging from 0.44 to 1 wt. %, distribute in Xin-
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Fig. 4. Compositional variation of water-soluble species in the vertical section of the Liuhudi soil (wt.%).

Table 4. R-mode varimax factor matrix of chemical data for the water-extracts of the Huoyanshan soil.

Factor
Variable Communality
1 2 3 4

Na 0.065 0.949 0.153 -0.192 0.965
K 0.215 0.501 —0.044 -0.817 0.966
Mg —0.960 —-0.123 —0.026 0.157 0.963
Ca —0.844 —0.090 0.379 —0.141 0.884
NO, —0.898 0.197 0.186 0.286 0.961
Ci —-0.226 —0.048 0.960 0.042 0.976
SO, —0.066 0.941 —0.254 -0.170 0.982
Eigenvalue 3.067 2.223 0.953 0.453

96 of variance 438 31.8 136 6.5

Cumulative 3¢ 438 75.6 89.2 95.7

of variance

jiang Province (WEN, 1965).

In order to examine the geochemical behav-
ior and the correlationship of the water-
extractable ionic species, R-mode factor analy-
sis was carried out based on the chemical com-
position data. Tables 4, 5 and 6 show the result
of R-mode factor analysis for the Huoyanshan
soil, Mosuowan soil and Liuhudi soil samples,
respectively.

In the Huoyanshan soil in Table 4, 95.7% of
the variance is accounted for by 4 factors.

Factor 1: Almost 44% of the variance among
the ions is explained by Factor 1, which is
represented by Mg—-Ca-NQ;. This factor may
indicate the chemical form of nitrates in the
soil. Generally, Mg, Ca and NO; are minor

chemical constituents in soils compared with
major silica and alumina, and besides mineral
species of soil nitrates have not yet been under-
stood well so far. Further studies are necessary
for the understanding of chemistry and miner-
alogy of nitrate materials in soils.

Factor 2: Factor 2 occupies about one third
of the variance, and clearly shows the strong
correlation between Na and of SO,. This factor
is explained by the common occurrence of the-
nardite (Na,SO,) in the Huoyanshan soil.

Factor 3: This is a Cl factor with nearly 149%
of the variance. Usually, Cl follows Na, form-
ing halite (NaCl), but no conspicuous cor-
relationship is noticed between Na and Cl. It is
interesting if another kind of. soil chloride is
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Table 5. R-mode varimax factor matrix of chemical data for the water-extracts of the Mosuowan soil.

Factor
Variable ) 3 Communality

Na 0.881 -0.219 -0418 0.998
K 0.377 —0.346 —0.851 0.986
Mg —0.240 0.934 0.240 0.987
NOa 0.822 -0.382 —0.223 0.871
Cl 0.791 —-0.118 —0.571 0.965
SO, 0915 —0.204 -0.237 0.935
Eigenvalue 4.64 0.707 0.395

9% of variance 773 11.8 6.6

Cumulative 7 713 89.1 95.7

of variance

Table 6. R-mode varimax factor matrix of chemical data for the water-extracts of the Liuhudi soil.

Factor
Variable ) 3 Communality

Na 0410 0.068 0.906 0.994
K -0.198 0.979 0.041 1.000
Mg 0.758 —0.154 0.591 0.947
Ca 0.854 -0.227 0.467 0.999
Cl 0.483 0.016 0.874 0.997
SO, 0.863 -0.230 0415 0.976
Eigenvalue 4508 1.136 0.264

9% of variance 75.1 189 44

Cumulative 7 75.1 94.1 985

of variance

present in the Huoyanshan soil except halite
(NaCl). Further examination is necessary to
ascertain the chemical species of chloride mate-
rials.

Factor 4: This factor, about 6.5% of the vari-
ance, is represented by the presence of K. Ac-
cording to REEDER et al. (1972), potassium-
boron factor in the R-mode factor analysis of
the composition of river waters is related to the
presence of clay mineral, e.g., illite. In this work,
B was not analyzed, but K-bearing silicate min-
erals, e.g., K-feldspar, illite and mica, are com-
monly present in soil samples. This factor is
not strongly related to salt minerals, because
no correlation is noticed with anionic species
such as Cl and SO,

In the Mosuowan soil in Table 5, 95.7% of
the variance is explained by 3 factors.

Factor 1: About 779% of the variance is attrib-
uted to factor 1, which is represented by Na-

NO;-CI-SO,. The sulfate, chloride and nitrate
of Na is most easily soluble salts in water.
Therefore this combination is explained by the
chemical form of Na salts in the residual matter
which was produced from aqueous salt solu-
tion by the gradual evaporation.

Factor 2: Factor 2 is a Mg factor with almost
12% of the variance. Mg is independent from
other variables in Table 5. This factor could be
explained by the local geological condition,
which is attributed to the chemical weathering
of mafic or ultramafic rocks or to the occur-
rence of Mg-rich silicate minerals.

Factor 3: This is a K factor, as is described in
the factor 4 of the Huoyanshan soil. However,
this factor shows a weak loading of Na and Cl.
This might indicate that a part of K behaves in
collaboration with NaCl.

In the Liuhudi soil in Table 6, 98.5% of the
variance is explained by 3 factors,



Factor 1: This is a Mg—Ca-SO, factor with a
low loading of Na and Cl, and occupy 75% of
the variance. This factor is interpreted by the
dominant presence of water-soluble salts, espe-
cially Ca sulfates such as gypsum (CaSO,-
2H;0) and bassanite (CaSO,-0.5H,0). Mg could
be present in the Ca site exchanging a part of
Ca atoms in the crystal lattice.

Factor 2: This is a K factor which is possibly
common to the factor 4 of the Huoyanshan soil
and the factor 3 of the Mosuowan soil. The
chemical behavior of K appears to be independ-
ent from other ionic species.

Factor 3: Factor 3 is an Na—Cl factor with a
weak loading of Mg, Ca and SO,. This might
indicate the presence of water-soluble halite
(NaCl) and minor sulfate species.

2) Distribution of Evaporative Salt Minerals
in Soils

Table 7 and Fig. 5 show the salt minerals
found in the soil samples. Calcium sulfate
hydrate minerals, #.e., gypsum (CaSO,:2H,0)
and bassanite (CaSQ,-0.5H,0), are commonly
found in the soil samples from three sampling
sites. This is probably because sedimentary
calcium sulfate layers (mostly composed of
gypsum) of Cretaceous and Tertiary origins are
present in the Tianshan Mountains, Kunlun
Mountains and Huoyanshan Mountains in Xin-
jiang Province (Ma and WEeN, 1991; Zuu, 1986;
Geological Map of Turpan). In the Huoyanshan
soil, a variety of salt mineral species are no-
ticed. Their distribution apparently varies de-
pending on the depth, i.e., gypsum, 20-100 cm
in depth; bassanite, 5-90 cm; glauberite, 0-40
cm. And thenardite grains occur just near the
surface. Because of the high solubility in the
aqueous solution, the nardite (Na,SO,) crystal-
lizes at the later stage during the evaporation,
and thus distributes near the surface of the
ground (HARrDIE, 1968). Fig. 5 shows the occur-

35

rence of salt minerals observed by a scanning
electron microscope. Bassanite is usually a
metastable phase under the ordinary earth sur-
face environment. Under the experimental
condition of the system CaSO,~H,O at 1 atm,
bassanite forms at about 90°C or more (OsT-
ROFF, 1964). However, it has been known that
natural bassanite forms from gypsum in the
playa sediment of Death Valley, U.S.A., by par-
tial dehydration in the absence of water
(MoroLa and GLOVER, 1965). Besides, bassanite
crystallizes naturally during the process of pre-
cipitation from the salt solution in the conti-
nental sabkha environment in Kuwait, that is,
dissolution of primary gypsum in the wet
season and crystallization of submicroscopic
bassanite in the dry season are repeated (Gun-
ATILAKA et al., 1985). These crystals of bassa-
nite show hexagonal morphology under the
high magnification.

However, bassanite in Xinjiang could be
rather an alteration product, namely a pseudo-
morph formed by partial dehydration of prima-
ry gypsum, because bassanite grains in Fig. 5
(a) possess pits and cracks on the surface prob-
ably due to shrinkage by dehydration, and
their external appearance is quite resembling
to that of gypsum. Another metastable salt
mineral found in Turpan Basin is eugsterite
(2Na,S0,-CaS0,-2H;0). As seen in Fig. 5(d), it
occurs as an aggregate of thin needle crystals,
0.5-10 ym wide and 50-200 um long at high
magnification. In the Huoyanshan soil sample,
eugsterite is macroscopically present as fine,
white, silky lustered fiber with thenardite.
This was first found in Chalbi Desert and along
the shore of Lake Victoria, Kenya, and in the
Konya Basin, Turkey (VErRGoUwEN, 1981). In
Xinjiang, China, eugsterite is commonly found
in the Turpan Basin. Although this mineral is
considered to be metastable, it has been report
ed that this phase is synthesized from an aque-

Table 7. Salt mineral species found.

Locality

Minerals

Huoenshan soil

Mosuowan soil
Liuhudi soil

Thenardite (Na,SO,), Glauberite (Na,S0,-CaS0,), Gypsum (CaSO,-2H,0),
Bassanite (CaSO,-0.5H,0), Eugsterite (2Na,SO,-CaSO,-2H,0)

Gypsum (CaSO,- 2H,0), Bassanite (CaSO,-0.5H,0)
Gypsum (CaSO,-2H,0), Bassanite (CaSO,-0.5H,0)
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(©)

(d)

Fig. 5. Salt minerals found in the sample of the Huoyanshan soil in Turpan Basin.

(a) Bassanite (CaSO,-0.5H,0) formed secondarily from gypsum (CaSO,-2H,0).
distribute extensively on the whole surface.

Pits and cracks
Horizontal length of photo: 105 gm. (b) Euhedral

crystals of thenardite (Na,SO,). Horizontal length of photo: 35 zm. (c) Needle-shaped crystals of
glauberite (Na,S0O,-CaS0,). Horizontal length of photo: 105 gm. (d) Finely thin crystalline aggre-
gate of eugsterite (2Na,S0,-CaS0,4-2H,0). Horizontal length of photo: 105 pm.

ous saline solution even at 25°C (BrLock and
WATERS, Jr., 1968).

5. Summary

Compositional variation of water-extractable
chemical species in the soil of deserted lands in
Xinjiang, China, i.e., the deserted lands at the
southern foot of Huoyanshan Mountains in
Turpan Basin, and Mosuowan and Liuhudi
areas in Junggar Basin, was investigated. Wat-
er-extracted ionic species, Na, Ca, Mg, Cl, SO,
and NQOg, are generally concentrated in the sur-
face soil as usually seen in the soils in the arid

zone. Factor analysis of the chemical composi-
tion data showed that the Ca-Mg-NO; and Na-
SO, factors in the Huoyanshan soil, and the
Na-NO4—CIl-S0O, factor in the Mosuowan soil
and the Ca-Mg-S0, factor in the Liuhudi soil
have larger contribution to the variance in
each soil sample. These factors would be close-
ly related to the chemical forms of salt species
distributing in soils.

Salt minerals observed in the soil sam-
ples are thenardite (Na,SO,), glauberite (Na,-
50,-CaS0,), gypsum (CaS0O,-2H,0), bassanite
(CaSQ, - 0.5 H,0) and eugsterite (2 Na,SO, -
CaS0,-2H,0). Of these, bassanite formed sec-



ondarily by partial dehydration of gypsum
under the dry environment. Eugsterite which
has been reported in Kenya and Turkey are
also found in the arid area in Xinjiang, China.
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Variation of Sand Reilectance with Moisture Content
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P.]. Liu®¥¥k and G, F. Ly

Abstract

To obtain background data to predict spatial distribution of soil moisture content in
Taklimakan Desert from remote sensing data, reflectance vs soil moisture content relation-
ship is studied based on the measurements of reflectance of samples collected around Hotan
and Aksu in the southern and northern edges, respectively, of the desert. The results indicate
an inverse relationship between reflectance and soil moisture content throughout spectral
range of 400 nm to 2,600 nm. Taking into account both absorption coefficient of water and
refractive index, numerical analysis is performed. The analysis indicates that refractive
index plays more important part than absorption coefficient in case of the samples collected

in the Taklimakan Desert.

Key Words: Sand reflectance, Soil moisture content, Refractive index, Remote sensing,

Taklimakn Desert

1. Introduction

Soil moisture content, its spatial distribution
and temporal variation in wide arid and semi-
arid zones are significant parameters for
studies of a desert itself and desertification
mechanism. To obtain these parameters for a
wide area such as Taklimakan Desert is not so
easy due to its large size and severe natural
environments. With a capability of observing
a wide area nearly simultaneously and repeti-
tive manner with the same sensor, a satellite
observation offers a powerful tool for this pur-
pose. Since the data obtained from a satellite
are either reflected solar radiation or radiation
emitted from the surface of the earth, it is
necessary to establish dependable relationship
between satellite observed radiance and soil
moisture content for various kinds of sands
and soil of different moisture content.

To obtain reliable background data on the
relationship between soil moisture content and
reflectance of the sand surface in Taklimakan

Desert, the various kinds of sands and soils
were sampled in the southern and northern
parts of the desert in the neighborhood of
Hotan and Aksu, respectively. Then spectral
reflectance in the range between 400 nm and
2,500 nm was measured under different soil
moisture content.

Thus, spectral reflectance data of various
kinds of sands and soils as a parameter of
moisture content has been derived. Further, in
situ surface temperature of the ground and
meteorological parameters near the ground
were measured during the process of sampling
of sands and soils. In this paper, however, only
two data sets for the spectral reflectance ob-
tained from the laboratory measurements are
used in order to explain the decrease in the
reflectance of wet sands. More detailed de-
scription and discussion by using any other
data will be given elsewhere.
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Remote Sensing and Image Research Center, Chiba University. Yayoi-cho 1-33, Inage, Chiba, 263 japan.
¥k School of Science and Engineering, Teikyo University. Toyosato 1-1, Utsunomiya, Tochigi, 321 Japan.
*ekk Yinjiang Institute of Biology, Pedology and Desert Research, Academia Sinica.
South Beijing Road 40, Urumqi, Xinjiang, People’s Republic of China.

(Received July 13, 1992; Accepted Aug. 30, 1992)



40

2. Reflectance vs Soil Moisture Content
Relationship

The sampled sands were placed in a 200°C
oven for 10 hours and dried. After cooling
them in a desiccator, the spectral reflectance
was measured with a spectro-radiometer, GER
IRIS MARK IV in the spectra ranging from 400
nm to 2,500 nm under different soil moisture
content. Soil moisture content was controlled
through spraying distilled water on the sam-
ples in a vinyl pouch and mixed well by shak-
ing. Usually, the sample volume of 100 cm? is
required in the measurements. Thus measure-
ments were made first under a completely dry
condition then under the condition of gradual
increment of soil moisture content.

Two examples of measurements are shown
in Figs. 1 and 2 which indicate a very sensitive
response of the reflectance to the moisture con-
tent throughout the spectral range of 400 nm
to 2,500 nm with inverse relationship.

The decrease of reflectance can be explained
as resulting from internal total reflection in the
water film covering the sand surface (ANGSTROM,
1925). On the other hand, Musick and PEeLLE-
TIEER (1986) pointed out that the air-water and
water-sand interfaces will tend to be parallel
when water films are thin relative to sand par-
ticle dimensions, and internal total reflectance
will not occur. Accordingly, at low moisture
content level, the internal reflection can not
explain the low reflectance of wet sand.

In geometrical optics, reflectance of sub-
stances is explanined as the results of both
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Fig. 1. Spectral reflectance of sands sampled in Hotan with water contents of 096, 1.03% and 2.409 in

weight.

100 T T T T
g 80} -
[}
(3}
g 80— -
o
rey 0%
(3]
[} —
5 40 1.73%
L]
o
@ 50 2. 98%

| 1 | |
400 820 1, 240 1, 660 2,080 2,500

Wavelength (nm)
Fig. 2. Spectral reflectance of sands sampled in Aksu with water contents of 09, 1.73% and 2.98% in

weight.



reflection at the boundary between two media
of different refractive indices and absorption
by the substances. In the following sections,
effect of both absorption and refractive index
on the reflectance is discussed on the basis of
the computational results from the simple equ-
ations relating the reflectance with absorption
coefficient or refractive index.

3. Effect of Water Absorption

First, effect of absorption of water upon the
reflectance is discussed. If 2 cm?® water is added
to the V cm® sands and the water is distributed
homogeneously in the sands, then the ratio of
the water volume to sand plus water volume is
k/(V+k). It follows that a continuous water
layer with the thickness of 2/(V+£k) cm hypo-
thetically lies along 1 cm layer of wet sands. If
the radiation penetrates into the sands of the
upper d cm depth and is reflected, the radiation
emerging from the sand surface travels 2d cm.
In this case, the decrease in the radiation due to
absorption (¢) by water alone at the wavelength
A, is expressed by,

t(A)=exp[—2-k/(V+k)-d-a(2)] (1)
where a is absorption coefficient of the water
per cm. In the measurements, the sand volume
was, in general, about 100 cm® If 1 cm® water
is added to the sand, then 2/(V+k) in Eq. (1) is
1/101. Under such conditions, #4) was com-
puted in various d. The results obtained at 500
nm, 600 nm, 1,000 nm, 1,500 nm, 1,956 nm and
2,000 nm are given in Table 1. In this computa-
tion, the values of a(A) are taken from ASCHKIN-
Ass (1885) and SMiTH aND Baker (1981) for the
wavelengths above 600 nm and below 1,000
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nm, respectively. Below 1,000 nm, the decreas-
ing rate is negligibly small even for d=1.0 cm.
As described below, actual penetration depth d
is very small since the sand absorption, which
is not taken into consideration above, is very
large.

We have not found the sand absorption data
in the literatures although it is likely to have
been reported. Burns (1970) observed some
spectral absorption of the silicates. The results
show that the absorption coefficients for cum-
mingtonite and grunerite are larger than 40/cm
in the wavelength below 1,300 nm. If equal
absorption coefficient of sand to that of the
silicates, and also the penetration depth of 0.01
cm are assumed, then the radiation emerging
from the sand decreases down to about 50% of
the incident intensity of radiation. Therefore,
if the sand absorption is taken into considera-
tion, the penetration depth must becomes very
small. Since the penetration depth is very
small, the effect of absorption by water on the
reflectance must be negligibly small below
1,300 nm.

Thus, the conspicuous decreasing rate in the
reflectance for the visible light with increasing
moisture content, is not directly related to the
water absorption itself. In the near and middle
infrared regions, however, water absorption
may also be important factor decreasing the
reflectane since the water absorption is very
strong.

4. Effect of Refractive Index

When the sand surface is covered by the thin
layer of the water, some fraction of the light

Table 1. Variation of reflectance for the various values of d when the water absorption alone is taken into
consideration.
Wavelength Absorption Reflectance

(nm) coefficient (/em)  5—} g cm d=05cm d=0.1cm d=001cm
400 0.000171 =1.000 =1.000 =1.000 =1.000
500 0.000257 =1.000 =1.000 =1.000 =1.000
600 0.00244 =1.000 =1.000 =1.000 =1.000

1,000 0416 0.992 0.996 0.999 =1.000

1,500 384 0.467 0.684 0.927 0.992

1,956 123.2 0.087 0.295 0.784 0.976

2,000 88.0 0.175 0.418 0.840 0.983
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incident on the water surface is reflected and
the remains penetrate into the water. After the
fraction of radiation which penetrates into the
water is absorbed, a certain part of the fraction
reaches the sand surface and is reflected again
by the sand surface. Reflectance, R is defined
by the ratio of the sum of these reflected com-
ponents of radiation to the incident radiation.
The reflectance at a boundary between two
media of different refractive indices of », and
ny, is given by the Fresnel's equation. In order
to investigate the behaviour of variation of
reflectance with the refractive index, radiation
with normal incidence is assumed below. For
normal incidence, it takes a simple form ex-
pressed by,
R(ny, n)=ny/n,—1%/(n/m+1)% (2)

If the ratio of sand surface area covered by
the water film to total sand surface area is ¢,
then the resultant reflectance is expressed by,

Rtot= d:R(nO- nw) +R(”wv ns)]
+(1—&)R(ng, ny). (3)

where 7y, n,, and », are the refractive indices of
air, water and sand, respectively. The relation
between R, and ¢ when n,=1.0, n,=1.333 and
n,=1.50, are shown in Fig. 3. Decrease in re-
flectance is remarkable in response to increas-
ing surface area covered by the water film, the
reflectance decrease down to 73% when only
30% of the sand surface is covered by the water
film. Accordingly, the decrease in the reflec
tance with the moisture contents can be ex-
plained by changes of the relative refractive
index. In near to middle infrared region, how-
ever, the water absorption may also affect the

1.0

reflectance of wet sand.

Thus, low reflectance of sand at low moisture
content can be explained by the changes of the
relative refractive index of sand. At higher
moisture content level, however, the effect of
internal total reflectance as well as the absorp-
tion of water even for the visible light should
be taken into consideration.

For further quantitative investigation of var-
iation of sand reflectance with moisture con-
tent, the size distribution of sands must be
known since the present results suggest that
the surface area of sands covered by the water
to total sand surface is a very important factor
influencing the reflectance of wet sand. The
comparison of the reflectance observed in the
laboratory with that computed from the size
distribution will contribute to developing the
algorithm for estimating the moisture content
in the desert sands from the remote sensing
data,
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Abstract

Rare earth element (REE) compositions were measured for the desert sand, loess, loess-
like deposits, river and saline lacustrine deposits collected mostly from the southern margin
of Taklimakan Desert, the largest of China. These samples were found to have com-
paratively large variation of both relative and absolute REE contents. Because the source
materials of these Quaternary deposits have relatively uniform REE compositions similar to
that of the average upper continental crust (UCC), variations of REE compositions reflect the
intensity of chemical weathering and the fractionation of mineral constituents during the
transportation by wind and water. The M-type tetrad effect of REE compositions found
mainly in the river deposits probably resulted from a water-particle reaction. Y/Ho ratios are
totally higher than those of Chondrite and the UCC. These high Y/Ho ratios may be
primarily attributed to the enrichment of carbonate minerals in these deposits and also to the
different chemical behavior of these two elements.

Key Words:

1. Introduction

Loess, deserts and gobis cover a very large
area in China (see Fig. 1). Systematic geochem-
ical studies of desert sand, loess and the associ-
ated Quaternary deopsits around desert areas
are expected to offer the knowledge of weath-
ering processes of the continental crust. This is
because the chemical compositions of muds-
tones and silty deposits known as loess could
be the good representatives of the upper conti-
nental crust (UCC) exposed to weathering and
erosion (TayLorR AND McLENNAN, 1985) and
thus provide significant information on the
provenance compositions (Eriksson et al,
1992). Therefore, we have started a geochem-
ical study of desert sand, river deposits, lacus-
trine deposits and loess mainly distributed
around the Taklimakan Desert of China. This
paper reports REE concentrations for 21 sam
ples and discusses the REE geochemistry of

Loess, Desert, Crust weathering, REE geochemistry

crustal materials during the weathering, trans-
portation and deposition processes.

2. Deserts and Loess Deposits in China

Deserts and desertified lands are mainly dis-
tributed in northern China. Taklimakan
Desert in the south of Xinjiang is the largest
sand desert, and its total area is 337,000 km? a
half of the total area of sand deserts in China.
The geographical location of the Tarim Basin
far from the sea and the presence of Qinghai-
Tibet Plateau are primarily responsible for the
formation of a arid climate that is necessary for
the formation of desert. The Quaternary allu-
vial-diluvial deposits serve as the material
sources of the sand desert (ZHu et al., 1986).

The interior of Tarim Basin is a broad allu-
vial plain, which is composed of deposits of
ancient dry delta caused by the rivers at the
northern foot of Kunlun Mountain Ranges.
The slope plain at the foot of North Kunlun
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Mountain Ranges is formed of many alluvial-
diluvial fans produced by ten big rivers from
Kunlun Mountain Ranges. Generally, the
upper alluvial-diluvial fan consists of gravels,
500-600 m thick. The gypsum layers found in
the alluvial fans at the north foot of Kunlun
Mountain Ranges are the mark of arid climate
in the Quaternary Period. On the other hand,
the distribution of alluvial-diluvial fans at the
south foot of Tianshan Mountain Ranges is
relatively small in scale, because the region in
front of the south part of Tianshan Mountain
Ranges constantly subsided in the Quaternary
Period, resulting in the sharp eastward turn of
the rivers after flowing out of the mountain
paths (Zuu et al.1986). Moreover, the vegeta-
tion on the south slope of Tianshan Mountain
Ranges grows better than that on the northern

slope of Kunlun Mountain Ranges in the Qua-
ternary Period, so that the rivers carried a little
amount of sand. These huge, thick and loose
sand deposits of alluvial-diluvial fans, dry
deltas and alluvial plains of rivers in and
around the Tarim basin provided sufficient
sand sources for the Taklimakan Desert (ZHu et
al., 1986).

Loess in China is widespread (Fig. 1). The
valley of the Huanghe River from Longyang
Gorge to Sanmen Gorge belongs to its middle
reaches, and it is the center of loess deposition
in China. Loess of central plateau sums up to
80% of Chinese loess, and has a great thick-
ness. It covers the Tertiary or other old strata,
forming different kinds of loess landforms.
The distribution of loess is closely related to
the distribution of deserts in China (Liv and

gobi sand desert @ {f’f;‘sd;';;"fs

sample location and number

Fig. 1. The distributions of desert and loess areas in China, modified from ZHENG (1985) and

ZHu et al. (1986).
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Sample descriptions.

1. Typical loess (Loess Q2 and Loess Q3)

These two typical loess samples were collected from the Luochuan profile of the central loess plateau.

Q2 and Q3 stand for their deposition ages.
2. Saline lacustrine deposits (DN2, 3, 16, 17)

They are clay-sized, white grey, containing evaporates (mainly halite, thenardite, gypsum).

3. River deposits (DNS, 7, 8, 9, 14, 15, 18)

According to the grain size of these samples, they are classified into two subtypes, silty deposits
(DNS, 7, 8, 9, 14) and sandy deposits (DN15, 18). The sample DN18 is coarser than DN15 and contains

a relatively large amount of black minerals.

4. Loess or loess-like deposits and soil (DN4, 10, 11, 12, 13)
Most of them are silt-sized. The sample DN4 is relatively rich in clay-sized fraction and termed as clay
loess, whereas the sample DN13 rich in fine-grained sand fraction and termed as sandy loess.

5. Desert sands (DN1, 19)

The sand sample DN1 was collected from an old accumulation of desert sands in the Northeastern
China, composed mainly of relatively rounding quartz and feldspar sands. The desert sand (DN19) was

taken from a active sand dune.
6. Muddy or silty sandstone (DN6)

This sample was collected from a weathering crust of a muddy or silty sandstone, clastic, and is
considered to have experienced mainly a physical rather than chemical weathering process.

CHANG, 1962). The Cenozoic and Mesozoic de-
trital sediments form the deserts and gobis in
the northwest of the loess area (Zuu et al,
1986), and it is therefore suggested by many
workers (e.g., Lu, 1985) that the source materi-
als of the loess accumulation in China may be
the desert sand.

3. Samples and Analytical Methods

Sample locations are shown in Fig. 1. The
samples employed in this study are as follows;
typical loess collected from the central loess
plateau, loess-like deposits, saline lacustrine de-
posits, river sediments and desert sand mostly
collected from the southeastern margin of the
Taklimakan Desert. The detailed descriptions
of these samples are listed in Table 1.

REE concentrations were measured by using
a matrix matching analysis on ICP-MS (Induc-
tively Coupled Plasma Mass Sepctrometer),
which was in detail described by HiraTa et al.
(1988). Quanitative ICP-MS analyses were per-
formed by following the procedure described
by SHABANI AND Masupa (1991). Uncertainties
of this analysis were estimated under 5%. The
REE concentrations of two loess samples from
Luochuan profile in the central loess plateau
were also determined by means of isotope dilu-
tion method (IDM). The uncertainties of the
isotope dilution analysis for REE determina-
tions were less than 2%. Two sets of REE data

100
Ce.
O LOESS-Q2
Ndu / 100
Ce
E- 10 4 Sm Cp La
] Gd Nd
g B F 10
; Yb El/ Sm
Eu Y™ Gd
= 14 El/ Dy
/ o
L Yb L,
o / Eu
.1 o O LOESS-Q3
Lu
1
1] d L] -l
1 1 10 100
ICP-MS data ppm
Fig. 2. Comparison of two sets of REE concen-

tration data determined respectively
by IDM and ICP-MS methods.

determined respectively by IDM and ICP-MS
for these two loess samples confirm a very
good agreement between the data obtained by
these two different analytical methods (Fig. 2
and Table 2). The discrepancies of absolute
REE abundances between these two sets of
data are essentially attributed to different
water contents, because the loess samples used
only for the ICP-MS analyses were dried at
70°C for 10 hours before decomposition.
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Table 2. Rare earth element and yttrium concentrations (ppm) in the Quaternary deposits of northern

China.

Sample La C¢ Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
{Typical loess)

LoessQ2 315 639 681 280 555 1.04 453 072 367 073 208 037 206 030 224

Loess Q3 355 728 749 301 598 1.16 548 0.75 399 0.78 230 034 226 034 26.1

Loess Q2% 29.2 588 269 509 101 432 349 1.95 1.87 0.282

Loess Q3* 328 66.6 288 568 1.13 4.77 3.85 2.14 2.02 0.302
{Saline lacustrine deposits)

DN2 747 142 168 687 149 031 139 023 133 029 083 0.14 083 0.13 868

DN3 17.1 335 387 1566 344 0.74 301 052 288 059 1.73 030 166 025 178

DN16 752 160 182 727 166 035 149 023 142 029 086 0.13 084 0.14 880

DN17 11.1 233 257 11.0 247 053 212 037 206 040 1.25 0.20 1.27 017 13.1
{River deposits)

DN5 142 297 3.11 127 254 052 209 038 192 033 1.0f 0.17 118 015 120

DN7 303 604 6.01 241 493 086 4.08 0.70 361 058 1.80 0.28 1.18 023 21.0

DN8 254 510 518 21.7 453 086 396 0.71 354 059 181 0.29 190 0.24 20.7

DN9 264 545 560 24.1 470 104 445 0.62 367 079 188 033 1.84 030 243

DN14 334 67.7 693 279 549 099 4.89 080 399 074 245 0.37 222 0.28 276

DN15 228 457 486 196 4.09 083 343 054 249 047 143 025 149 0.18 186

DN18 42.1 760 8.70 304 553 090 521 068 384 076 186 031 164 021 262
{Loess and loess-like deposits and soil)

DN4 128 286 3.03 128 289 061 269 051 285 050 158 0.26 1.79 022 158

DN10 29.0 613 6.07 266 508 1.08 450 067 344 077 204 034 195 031 233

DN11 2566 6539 532 216 441 090 401 061 321 068 179 030 1.62 027 219

DN12 29.1 660 6.06 268 5.06 098 461 065 334 075 199 031 168 0.29 224

DN13 348 710 722 274 533 101 478 074 347 0.65 2.06 030 1.86 024 24.1
(Desert sand)

DN1 864 151 198 759 147 038 1.18 019 102 022 066 012 065 010 656

DN19 243 438 5.14 188 348 0.72 351 050 263 061 146 0.27 1.35 020 192
{Muddy or silty sandstone) ‘

DN6 194 442 458 191 420 088 388 0.76 435 0.76 239 0.38 271 034 246

* Data by isotope dilution method.

4. Results and Discussions

1) REE Content Variation and Fractionation

Table 2 lists the REE abundances. The total
REE contenrts are variable in these samples.
La concentrations, for example, very within 5
factors of magnitude, ranging from 8 to 44
ppm. As shown in Fig. 3, the saline lacustrine
deposits as a whole contain relatively low La
concentration, which may be due to the dilu-
tion by saline minerals and carbonates that are
poor in REE concentration. The sand sample
(DN1) collected from the old accumulation of
desert sand is composed mostly of a large pro-

portion of quartz and a small amount of feld-
spar, and hence its La concentration is much
lower than that of the other collected from the
sand dune in the Taklimakan Desert. The two
typical loess, several river deposit, loess or lo-
ess-like deposit samples show quite similar La
concentrations to that of the UCC. One river
sandy deposit (DN18) has the highest La con-
centration, which is probably related to its en-
richment of dark and heavy minerals, such as
amphibole, biotite, epidote that are frequently
observable in desert sand (Zuu et al., 1986).

In addition, La/Lu ratios in these samples
generally increase with increasing La concen-
tration (Fig. 3), suggesting the REE fractiona-
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Fig. 3. Variation of La/Lu with La in the Qua-
ternary deposits of northern China.
Also shown are the average continen-
tal crust (UCC) (TayLorR AND
McLENNAN, 1985) and the two average
shales (NASC anp PAAS, 1976; Nance
AND TAYLOR, 1976; Haskin et al., 1968)
for a comparison.

tion. Thus, only the simple dilution due to
REE-poor minerals can not account for both
REE content variation and fractionation. The
dominant heavy minerals are almost the same
in loess and paleosol, and mostly composed of
opaque minerals (30-409%), epidote (15-259%)
and hornblende (10-15%) (WE1, 1985). In
desert sand substances, hornblende, mica and
epidote are also the majority of heavy miner-
als. The heavy mineral allanite is few but often
observable (ZHu et al., 1986). These heavy min-
erals, such as epidote and allanite, are very rich
in total REE and in light REE over heavy REE
(GROMET AND SILVER, 1983; SCHNETZLER AND
PuiLpoTTs, 1970), and hence, their contents
make a big influence on the absolute and rela-
tive REE abundances in these samples.

The samples that have both low La contents
and low La/Lu ratios are mostly the saline
lacustrine deposits, generally rich in clay-sized
fraction. The clay minerals accumulated in
these samples formed probably by weathering
of the crustal minerals, and were later trans-
ported and deposited in the lacustrine or other
environments. Thus, their relative abundances
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Fig. 4. Variation of La/Lu with Eu/Eu* in the
Quaternary deposits in northern China.

in the samples could be regarded as an mea-
surement of the intensity of crustal weather-
ing. Our observation that the samples rich in
clay-sized fraction show both low La and La/
Lu is consistent with the finding of CULLERSs et
al. (1975) that the more intense weathering
could have produced the lower absolute REE
content and the lower light REE/heavy REE
ratio than those caused by the less intense
weathering for the weathering residue. Be-
cause the lacustrine deposits contain many
precipitates of lacustrine water, their REE com-
positions might have influenced by the chemis-
try of the saline water. The aqueous inorganic
and organic complexes of the heavy REE are
more stable relative to the light REE (Ronov et
al., 1967), especially under a high pH condition
(GoLpSTEIN AND JACOBSEN, 1988), so that the
heavy REE are transported easier than light
REE. Consequently, the low La contents and
La/Lu ratios of the saline lacustrine deposits
could be partly the results of the differences in
chemical behavior of heavy and light REE.

2) Eu Anomalies

All samples have negative Eu anomalies, ex-
clusive of the sample DN1 that has no decisive
Eu depletion. In Fig. 4, the Eu anomaly is
plotted against La/Lu ratio. With only one
sample (DN1) exceptional, a general negative
correlation is observable between the lacus-
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trine deposit samples and one river sandy de-
posit samples (DN18). The Eu anomaly varies
from 0.57 to 0.73, with a mean value nearly
identical to that of the UCC. The Eu anomaly
found in sedimentary rocks was inherited ulti-
mately from source rocks in which the Eu anom
aly had been originally produced by igneous
processes (e.g., CULLERs et al., 1975; TALYOR AND
McLENNAN, 1985). The sand sample (DN1) col-
lected from northeastern China, which com-
prises mostly quartz and partly feldspar grains,
shows no Eu depletion. The positive Eu anom-
aly of feldspar can offset the Eu depletion to
some extent, so that the relative enrichment of
feldspar is accountable for the absence of Eu
depletion in this sample. Alternatively, it is
also possible that the DN-1 sample is the first

nearly normal Eu distribution. However, the
first possibility is preferred here, since the first
cycle volcanogenic origin can be hardly en-
visaged for such a sand sample.

The small negative Eu anomalies of the la-
custrine deposit samples would be attributed
to their relative enrichment of clay minerals,
because the clay minerals are most likely de-
rived from the weathering of Eu-rich, low-REE
feldspar, especially the plagioclase. The river
sandy deposit sample (DN18) shows both the
highest La/Lu and biggest negative Eu anoma-
ly, which need the enrichment of such minerals
that have both high La/Lu and big negative
Eu anomaly. The variation of La/Lu with Eu/
Eu*, together with the La versus La/Lu corre-
lation, could be best interpreted as a result of

cycle volcanogenic sediment, because of its the mixing of two end members. One end
100 N
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member should be enriched in clay minerals,
and the other is ehriched in weathering resist-
ant materials and relatively depleted in feld-
spar component.

3) Tetrad Effect

The chondrite-normalized REE patterns
shown in Fig. 5 could be grouped under two
main types; one type similar to that of typical
shales (PAAS anp NASC, 1976; NANCE AND
TayLor, 1976; Haskin, 1968) and the other
with a clear structure made up of two smooth
convex curves in the heavy REE span. Accord-
ing to Masupa et al. (1987), the REE patterns
with two convex curves in heavy REE section
could be due to the tetrad effect, because other
two smooth convex curves are probably ob-
scured by the relatively high contents of light
REE and the down-to-right slope of light, and
also possibly by the presence of Ce and Eu
anomalies.

The tetrad effect was proposed originally by
PepparD et al. (1969, 1970) based on their
studies on solvent extraction of trivalent lan-
thanides and actinides. About a decade later,
Masupa aAND IkeucHr (1979) firslty recognized
the lanthanide tetrad effect in nature, which
has later been confirmed by a series of research-
es on seawaters, marine phosphates, lime-
stones, fresh ground waters, leucogranites
(Kamioka aND Masupa, 1986; Masupa et al.,
1987; Masupa AND AkaAcl, 1989; KAwAEE et al.,
1991). Two complementary types of tetrad
effects in natural samples have been defined by
Masupa et al. (1987). One, called the W-type, is
often observable in natural water and the relat-
ed materials, and the other called M-type, is
frequently found in solid substances. The flu-
id-solid reaction has been invoked to explain
the origin of these two complementary types of
tetrad effects discovered in nature (Masupa et
al., 1987). The tetrad effect found here corre-
sponds to the M-type one. Although there are
some exceptions, the REE patterns with this
kind of tetrad effect are mostly found in the
samples of river deposits. One weathered
muddy or silty sandstone, one saline lacustrine
deposit and one loess-like deposit sample also
show the M-type tetrad effect. Probably, the
water-particle reaction is the leading mecha-
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nism to produce the tetrad effect in most river
deposit samples, whereas a long-term ground
or underground-water leaching process could
be responsible for the origin of the tetrad effect
of non-river-deposit samples.

4) Non-chondritic Y/Ho Ratios

KAwaABE et al. (1991) noted that the Y/Ho
ratios in some limestones, seawaters, and mar-
ine phosphorites are clearly higher than that of
chondrite, and that the higher Y/Ho ratio rela-
tive to the corresponding chondrtic value is
coupled to the W-type tetrad effect. Y/Ho
ratios in these samples studied here change
from 28 to 40, significantly higher than those
of chondrite and the upper continental crust
(Fig. 6). Moreover, the Y/Ho ratios of the river
deposit samples that often show a M-type
tetrad effect are generally higher than those of
other samples with no tetrad effect. As a result,
the positive deviation of Y/Ho from the chon-
dritic ratio could be a feature of not only
W-type tetrad effect but also M-type tetrad
effect, since Y is not a pseudo-lanthanide that
behaves like Ho in natural conditions (KAwABE
et al, 1991). If the M-type tetrad effect is
originated from the water-solid reaction that
results in the removal of Ho from a solid to a
liquid phase, Y is probably less soluble in water
and favorably hosted in or adsorbed on a solid
phase in comparison with Ho. Alternatively,
the high Y/Ho ratios of most samples were
inherited from their source materials. The data
distribution in Fig. 6 approximately displays
two mixing trends (A and B in this figure)
consisting of three components. One mixing
component is characterized by chondritic or
crust-like Er/Ho and Y/Ho ratios. The second
must have had moderately high Er/Ho and
very high Y/Ho ratios. The best candidate for
this component might be the limestone or the
river water, because some limestone and sea-
waters often show very high Y/Ho and slightly
high Er/Ho ratios (Kawaskg et al., 1991). The
calculated result using a simple two en-
dmember (UCC and limestone) mixing model
for the mixing trend A in the Fig. 6 shows that
about 409% of limestone is needed to account
for the highest Y/Ho ratio in these samples,
given that the limestone used as one of the two
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endmembers has Y/Ho ratio of 80, Er/Ho ratio
of 3.3 and 0.06 ppm Ho. However, the carbon-
ate minerals in desert sand and loess do not
sum up to more than 20% (WEn, 1989; Zuu et
al., 1986), and so, a kind of limestone that has
both much higher Ho concentration and Y/Ho
ratio is required to serve as this mixing en-
dmember. In fact, we now do not have any
knowledge about the corresponding chemical
compositions of the carbonate minerals in
these deposits. It is hence still unknown whe-
ther the mixing of the average continental
rocks with limestone can best explain the dis-
tribution of Y/Ho rations in these samples.
Another possibility that could be considered
here is that some kind of heavy mineral that is
expected to have very high Y/Ho ratio and
Ho concentration acts as the high-Y/Ho en-
dmember, but it is more unclear than the
former explanation. The final mixing compo-
nent for the mixing trend B in Fig. 6 is of low
Er/Ho and slightly high Y/Ho ratio, and the
origin of this kind of material remains un-
known.

5. Conclusions
Some sediments are relatively rich in clay

mineral and some deposits are rich in weather-
ing-resistant and/or transportation-resistant

mineral and detrital components, such as
quartz and some heavy minerals, owing to the
weathering of feldspar and other aluminium
silicate minerals into clay minerals, the remov-
al of the clay minerals by wind or water and
their deposition in a lacustrine or other envi-
ronments. As a consequence, these geological
processes yield various kinds of crustal materi-
als that have different chemical compositions.

REE concentrations in these samples are var-
iable mainly because of the differences in min-
eral compositions and weathering intensities,
which are mutually related. La/Lu ratios
change within a range from 50 to 200, and this
ratio generally increases with increasing La
content. Moreover, the La/Lu ratio is also
correlated to the Eu depletion, and decreases
with increasing Eu/Eu*. These two correla-
tions are best interpreted as the mixing of two
end members that can be considered comple-
mentary as the differentiated products of crus-
tal matters. The smallest negative Eu anomaly
is generally coupled with the lowest La/Lu
ratio and La content in these samples. The
enrichment of clay minerals is favorably ac-
countable for the low-La, low-La/Lu and high-
Eu/Eu* signatures for this mixing component.
The high-La, high-La/Lu and low-Eu/Eu* de-
posit is expected to contain a relatively large
amount of heavy minerals that have high La



and La/Lu, and large Eu depletion.

Chondrtie-normalized REE patterns, as a
whole, tend to be fairly similar to those of most
shales, but the heavy REE differs a great deal
in the Quaternary deposits studied here. The
M-type (or solid type) tetrad effect of REE com-
positions found mainly in the river deposits
probably resulted from a water-particle inter-
action. Y/Ho ratios in these samples are totally
higher than that of Chondrite and the UCC.
These high Y/He ratios may be primarily at-
tributed to enrichment of carbonate minerals,
and possibly also to the different chemical be-
haviors of these two elements during water-
solid reaction processes.
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A Personal Computer System for Construction of a Tank Model for
Water Resource Management

Takuji Kiura*, Ryusuke HaTano** and Tomoyuki HakamaTa*®*

Abstract

The tank model has several advantages for the outflow analysis in hydrology. To
analyze water budget in a local region we developed a personal computer application
program (TANK.EXE) for construction of a tank model. The outline of the TANK.EXE is
introduced and an example of hydrograph simulation by TANK.EXE is shown.

TANK.EXE has the advantages of the flexible design of a tank model, the easy operation,
the interactive model construction, etc. The simulation of hydrograph for lysimeter study
reveals that TANK.EXE has several problems to be improved. The problems are the existence
of the tank models which can not be constructed, the lack of the automatic parameter
estimation function, and the processing speed. Their desirable answers are also described.

Key Words:

1. Introduction

In the arid and semi-arid areas, it is impor-
tant to analyze water budget on a spatio—tem-
poral scale to optimize water resource manage-
ment. For example, it is indispensable to ana-
lyze how water, which is supplied to the soil
surface by precipitation and/or from the
ground water, moves in the soil layers and
flows out. It is also important to understand
how hydrographical condition of river, foun-
tain, “qanat”, etc. vary when the amount of
water due to rainfall, snowfall or glaciers in
high mountains changes in a region. The tank
model (SucawaRra, 1972) offers great advan-
tages for such purposes.

Advanced technology including computers
is increasingly used for research in recent
years. Scientists and engineers may easily op-
timize water resource management by using
such a personal computer and software for the
data analysis in a local area with local manag-
ers, administrators, and inhabitans.

We developed a program named TANK.EXE
running in a personal computer which helps us

Tank model, Water resource management, Personal computer

to build tank model structures. In this report,
we show an application of TANK.EXE analyz-
ing the data gathered from our experiment and
outline the functions and usage of our system.

2. Methods

1) The Personal Computer System
The personal computer system was support-
ed by the following hardware and software:
Personal computer: NEC PC-9801RX21
Operating system: NEC MS-DOS ver.
3.30
Devices: 40 MB hard disk drive, and bus
mouse
We developed this system using Lattice C
ver. 3.1 (LirFeBoaT, 1986 a). We also used
C-TOOL/98 (LiFeBoaT, 1986b), C-ISAM (LAT-
TICE, INC., 1984), and Windy (HasHio, 1988) for
improvement of system operation and pro-
gram development.

2) The Case Study

Two lysimeters (4 mX4 mX1.2m depth)
filled with River sand (RS) or volcanic ash soil
(humic andosol; HA) were used for the case

* Research Information Division, Tropical Agriculture Research Center. Ohwashi 1-2, Tsukuba-shi, Ibaraki, 305 Japan.
** Department of Agriculture, Hokkaido University. Kitakujyo-nishi 9, Kita-ku, Sapporo-shi, Hokkaido, 060 Japan.
= National Institute of Agro-Environmental Sciences. Kaunohdai 3-1-1, Tsukuba-shi, Ibaraki, 305 Japan.
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study of water budget and put under the field
conditions of the National Institute for Envi-
ronmental Studies, Tsukuba, Japan (HaTaNo et
al, 1986). We measured the daily rainfall and
effluent at the depth of 1.2 m of the.lysimeters
from August to December, 1981; as well as the
soil water suction at the depths of 5, 40, 100 cm

in the lysimeters were measured by tensiome-

ter from September 12 to October 6 in 1984.

3. Results

1) Analyses of Water Budget in Soil Layers

We analyzed the precipitation pattern
during the observation period (Fig. 1). The
cumulative precipitation in July was low (62.7
mm), and it did not rain during the latter half
of the month. The soils were considerably dry
in the first ten days of August. Rainfall in-



creased from the middle of August to October,
and decreased again in November and Decem-
ber.

Figure 2 shows the relationships between
cumulative precipitation (Pr) and cumulative
drainage (D) during the observation period.
Total drainage was 458 mm in height for
humic andsol (HA) and 222 mm for river sand
(RS), respectively. This difference was attribut-
ed to the following two factors.

(1) We determined the initial loss of rain-
fall, that is, the rainfall that did not cause an
outflow, analyzing the data during the dry
period of the beginning of August. Pr (D<5
mm) calculated from the regression analysis
was 15 mm for RS and 180 mm for HA. The
drainage remained low in HA during this
period.
(2) The dependence of D on Pr was repre-
sented by straight line during the days with
continuous rainfall. The slope of the regres-
sion line represents the drainage per unit
precipitation (drainage rate). Since this rate
was 0.56 for RS and 0.36 for HA, the drain-
age was little in the latter.

The drainage in soil layers is controlled by
the water holding capacity and water evapora-
tion capacity of the soils. The total pore space
was 74.7% in HA, and 41.8% in RS, respective-
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ly. The water holding capacity was higher in
HA than RS because there were more capil-
laries in the former low suction pressure (pF)
conditions.

It can be pointed out that the crude pore
space was wider in RS because the drainage
rate was higher than for HA. Figure 3 shows
the diurnal variation of the suction pressure in
soil layers at the depths of 5, 40 and 100 cm.
The effect of rainfall or drought can be detect-
ed with the data detected at the depth of 5 cm
and 40 cm in HA. The diurnal variation of the
suction pressure in RS was small and no de-
pendence on the depth was observed. The pF
value in RS remained always low, presumably
due to the sand mulching effect (Iizuka et al,
1982). These results indicate that the evapora-
tion capacity of HA is much greater than that
of RS. The mechanism of soil moisture loss
was found to be different between the both
soils. That is, in the sandy soil (RS) the soil
moisture decreased by drainage, while in the
fine particle soil (HA) it decreased by evapora-
tion.

We examined the diurnal variation of drain-
age immediately after rainfall in RS. The curve
of the diurnal variation was expressed by the
sum of two exponential functions. Drainage
(D) which is a function of the number of days (¢)

3
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Fig. 3.

Daily change of soil water suction from 12 September to 6 October 1984,
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Fig. 4. Construction of a tank model.

after rainfall can be expressed by the following

equations,
D =D1 +D2 (1)
D,=aq,e™ (2)
Dy=a,e ™t (3)

where a,, a,, 7, and 7, are constants. Equations
(2) and (3) are the same as those of river
outflow analysis by the storage type of tank
models. Therefore, the equation (1) shows that
the two tanks are arranged in parallel. Let X
denote the quantity of water in the tank, X,
denote the initial value of X. Then D is ex-
pressed by the equation D= —dX/dt With the
equation D=a-e™", we obtaine r=D/X,a=r-X,.
These equations say that the constants r, and
7, are the velocity coefficients of drainage and
the constants a; and @, are the initial drainage
amounts.

2) Functions of the System

We show the functions of the system by
constructing a tank model based on the results
of the analysis described above.

(1) Preparation of data file

The files include the data of discharge/river
flow, precipitation, irrigation, evapotranspira-
tion as for input information, and the es-
timated quantity of discharge/river flow for
output information. Since the data of irriga-
tion and evapotranspiration are not indispens-
able, they are not used in this study. The
application program requires the dBASE III
data files. We inputted the data of discharge

and precipitation obtained by the observation
into the Lotus 1-2-3 files and converted to
dBASE III file format.

(2) Construction of model

The editing screen of the tank model is dis-
played, when TANK.EXE is executed. Icons
are displayed on the left side of the display
screen. You can operate various processes by
moving a mouse cursor to an icon and clicking
the left button of the mouse. When you move
the mouse cursor to the icon of “TANK” and
click the left button, the icon is reversed and
the mouse cursor changes to a square repre-
sented a by dotted line (Fig. 4). Move the
square to the position where you want to put
the tank, and click the left button. Then the
system supplies a new tank there and gives a
particular number to the tank. If you click the
right button, you can return to the original
screen. You can define up to 20 tanks in the
present version.

When you click the left button on the icon of
“PIPE,” you can connect a tank to another tank
by a pipe. Five pipes can be derived from one
tank. You can arrange two tanks in parallel.
However you must not make any loop in the
network of tanks.

Figure 5 shows the model structure con-
structed in this study by using this application.
The top row refers to the rainfall tank and the
second to the fourth rows show the water
preserving function of soil layears. Outflow
from the bottom of each tank shows the flow to
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another tank, infiltration, or drainage. The
outflow from the lateral part of a tank indicates
evapotranspiration, water flow to a stroage
tank, or redistribution. The outflow starts
when the water level in a tank is higher than
the position of the lateral outlet. However,
backward flow must not occur.

You can erase a tank or a pipe by clicking the
icon of “ERASE" by the left button of the
mouse. When a tank is deleted, pipes connect-
ed with the tank will be also deleted. If you
want to delete a pipe alone, you must click near
the starting point of the pipe arrow.

(3) Prameter estimation

It is necessary to initialize parameters, that is
coefficients or constants of a model, before pro-
ceeding to calculations. Select the icon of “PA-
RAMETER” and specify the object that you

want to initialize by clicking the left button. It
is very difficult to solve nonlinear simultane-
ous equations of the model which has many
parameters. As the pattern matching of ob-
served hydrograph and calculated one is diffi-
cult, the coefficients or constants should be
determined by trial and error.

There are several coefficients and constants
that affect considerably the results of the cal-
culation. For instance, the distribution of pre-
cipitation to a soil tank can be adjusted from
the view point of water budget. A delay in the
drainage peak appearing after rainfall can be
adjusted by reallocating tanks (right three col-
umns of tanks shown in Fig. 5). Moreover, the
initial loss of rainfall at dry period can be
adjusted by storage tanks, the left column of
tanks shown in Fig. 5. Initial values can be
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Table 1. Parameters of pipes of the first row of
soil tanks in River Sand.

clckecty,  reight
Tank 1 — Tank 2 1 115
Tank 1 — Tank 17 (upper) 0
Tank 1 — Tank 17 (lower) 0 0
Tank 1 = Tank 5 0.035 0
Tank 2 - Tank 3 1 38
Tank 2 — Tank 5 0.35 0
Tank 3 — Tank 4 1 88
Tank 3 - Tank 5 0.75 0
Tank 4 — Tank 5 1 0
Tank 5 — Tank 5 0 0

Table 2. Parameters of pipes of the first row of
soil tanks in Humic Andosol.

Velocity

Coefficient Height
Tank 1 — Tank 2 1 12.1
Tank 1 — Tank 17 (upper) 0.095 114
Tank 1 — Tank 17 (lower) 0.006 5.0
Tank 1 — Tank 5 0.005 0
Tank 2 — Tank 3 1 3.0
Tank 2 - Tank 5 042 0
Tank 3 - Tank 4 1 45
Tank 3 - Tank 5 0.69 0
Tank 4 - Tank 5 0.97 0
Tank 5 — Tank 5 0.5 38

obtained based on such judgments or experi-
ences.

All the parameters for an entire model can be
given by specifying “RAIN" or “WATER
SUPPLY" located on the top of the display.
The parameters consist of the area size of a
watershed, name of the watershed, and the
names of files such as rainfall, water supply,
and evaporation file. When you click the left
button on the file name, a dialog box is opened
to select the data file.

Other procedures are carried out from the
“Main Menu” (Fig. 6). We can open the “Main
Menu"” by clicking the right button when there
is no reversed icon.

To identify un-initialized structures, you
may select “Parameter check” from the “Main
Menu”, then you can see the numbers of tanks
and pipes which are not initialized on the mes-

sage line. You may check the loops in the
model after initialization of all parameters. If
there is a loop, you can see the numbers of
tanks forming the loop and the length of the
loop. If you estimate the coefficients and/or
make caluculations for the model while you do
not initialize any parameter or leave any loop,
you can calculate but can not expect to obtain
correct results from the system.

You must initialize some prameters correctly
because the system uses them to determine the
caluculation order of tanks. “Assist level i (i=
1,2, 3, 4)" in “Main Menu" contains the support
routines for parameter estimation. The
number of the assist level shows the level of
tanks for calculation. When you initialize pa-
rameters, you must specify the levels of tanks.
The level of a tank into which rainfall is
poured directly can be automatically set to 0.
The levels of the other tanks, however, are not
automatically set. The program uses the level
when it decides the order of tanks for the calcu-
lation of evaporation. The calculation is re-
stricted to such tanks that have a smaller level
than or an equal level to the assist level. A
small hydrograph is displayed on the left-lower
side of the screen showing the process of the
calculation. If the observed data is considera-
bly different from the calculation, you can in-
terrupt the calculation by pushing down the
ESC key.

We applied the tank model shown in Figure
5 to simulate the observed data at the lysime-
ters. Tables 1 and 2 show the parameters select-
ed. The velocity coefficient from the rainfall
tank to the soil tank in RS, which exhibited a
large runoff coefficient, was larger than that in
HA. The velocity coefficient related to a water
storage tank was small in RS which experi-
enced a low initial loss of rainfall.

(4) Calculation

When you select “Calculation” in the “Main
Menu” the program analyzes the structure of
the model, determines the order of calculation
of each tank automatically, calculates the
outflow of each tank and preserves the results
in a work-file named $TANK.DBF. A small
hydrograph is displayed on the left-lower side
of the screen. You can interrupt by pushing
the ESC key whenever you want.
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Fig. 7. The submenu of “Disk”.

When the calculation ends normally, an
dialog box is opened to store the results to a
permanent file. The data remain in a tempo-
rary work-file even if you select “Cancel” and
finish without storing the data as a permanent
file. You can use the data and display the hy-
drograph, unless you execute another calcula-
tion.

(5) Display of Hydrograph

When you choose “Hydrograph,” the input
dialog box showing the names of the data files
appears. You can see the last result on the
screen by specifying the work file. You can
choose a logarithmic scale or a normal scale for
the left vertical axis and set the range of each
axis arbitrarily.

Figure 1 shows the comparison between the
calculated results by our tank model and the
observed one in the case of RS. The actual
drainage rate under the dry conditions de-
creased faster than the estimated ones. The
position of peaks and the pattern of decrease
coincided comparatively well under the wet
conditions. It may be necessary to introduce
other tanks for better matching. The tank
model, however, should be used mainly to sim-
ulate and estimate the outflow of water from
the watershed. If it is important to obtain a
strict agreement between the estimated values
and the observed ones, more detailed observa-
tions in scale and time should be performed.

(6) Storage of Model

To store the model, click the icon of “DISK"

by the left button of the mouse. “DISK” is
reversed and the menu pops up. If you want to
store the model as a new file, you must revers
“save As” and click the left button (Fig. 7). If
you want to overwrite a file, input the file name
by using the keyboard or clicking the left
button on a file name in the list. The asterisk in
a file name indicates that it is a directory and
you can change a directory by clicking the left
button. The file name should be written in less
than 28 characters in total in the present ver-
sion. By clicking on arrows on the right side of
a file name list, you can scroll the list. The
currrent drive can be changed by clicking the
left button on “Drive.” You can store the model
structure by clicking the left button on “0.K."

4, Discussion

The characteristics of this application pro-
gram are as follows:

1) the structure of a tank model, ie., the

number of tanks and the connecting struc-

tures among tanks to analyse various condi-

tions of watersheds can be defined.

2) a graphical and interactive user inter-

face offers an easy operation of the program.

3) a hydrograph can be shown on the

screen during the calculation.

4) a compatibility of the data with widely

used software is guaranteed by the adoption

of the dBASE III format as a data file.

We have developed this application to be a
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user friendlly one in paying so that beginners
can use it easily. Users can improve the struc-
ture of a model by operating a mouse in all
steps by on the screen. An abnormal point of a
calculated hydrograph can be easily detected
because it is displayed during the calculation.
If users find any discrepancy in the structure
and coeficients of the model, they can termi-
nate the calculation without waiting for the
end of the calculation.

Computer software is not aliround but shows

advantages and disadvantages. Our applica-

tion developed here also has some problems to

be improved. The followings are problems (P)

that should be solved for further advantage,

and their desirable answers (A).

P: Only one kind of a tank and one kind of a
pipe are prepared. Consequently, the tank
model described by OnuTA AND SHINOGI (1990),
where evaporation was handled as another
kind of pipe related to water potential, can
not be constructed.

A: The function of tanks and pipes should be
freely defined by users. This is the most
important point for revision. The object ori-
ented programming can realize it.

P: The system does not have any effective indi-
ces for the determination of coefficients.
Users have to determine them based on their
own experience.

A: The indices should be developed for the
determination of the coefficients or we
should employ the artificial intelligence for
pattern matching.

P: Drawing speed of a hydrograph may be slow.

A: It is recommended to use a floating proc-
essing unit and/or a highspeed machine.
This application program is characterized by

a flexible construction of a tank model struc-

ture for the analysis of the water resource man-

agement not only in arid and/or semi-arid
areas but also in other areas. However, this
system is not applicable for either a compound
type of tank model (MARUYAMA et al, 1979) or

a distribution type of tank model (HAYASE AND

Horikawa, 1990) used in a wide area where

land use types and other conditions are com-

bined. An another application program is re-
quired to combine tank models according to
each land use type. It is necessary to divide the

objective watershed into sevral land use forms
and then combine them together. Krysanova
et al. (1989) developed a useful concept con-
cerning the division of an area into land use
type or spatial scale. Our model in this paper
deals with a comparatively small scale of the
land use type. In any case we must determine
the coefficients in each land use type (TAKASE
et al., 1989). With such a program we will be
able to analyze the change of the outflow after
the land use type is altered.
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A Short Visit to Libya: Searching for Academic Co-operations
Hisao WusHikr* and Takeshi Gotou**

As a mission sent by the Japan-Libya Friendship Association, the authors visited Libya for two weeks in
September last year (1991).

The task of the mission was to seek for the possible scheme of academic co-operations in the field of
archaeology and earth sciences in the prevailing hostile mood in the West.

The mission visited major archaeological sites in Tripolitania, Cyrenaica and Fezzan. The particular site
names are as follows,

Leptis Magna and Sabratha in Tripolitania; Cyrene and Apollonia in Cyrenaica; Jerma in Fezzan.

In addition, Libyan host arranged visits to Wadi Mit-Khandash in Fezzan and Ghadame near Algerian-
Tunisian border.

The authors were impressed by the magnificent scale of the Phoenician and Greco-Roman remains on the
Mediterranean coast, but at the same time their attention was directed to the uniqueness of the endemic or,
seemingly, Afro-genic development of the ancient culture in the desertic area inland.

Under the strong political tension, the Libyan government has been investing the wealth to develop the
remote part of the country. Local cities looked to have developed greatly with the surprisingly well-
constructed infrastructure. This positive aspect seems to facilitate a greater range of field activity in the
previously inaccessible places for the research workers.

Several sites of earth scientific worth were visited and current topics were discussed with the Libyan earth
scientists. ‘Ain Dhuban, a mid-desert lake near Ghadames, palaeo-lake geomorphology in Sebha district and
Wadi Mit-Khandish, palaeoclimatological site in Edehan Murzugq, both in Fezzan, seem to be related to the
global environmental changes.

Finally, the authors were reminded of a fact that a pioneering work had been achieved in Fezzan by the
cultural anthropologists of Kyoto in 1968 at the edge of the final stage of the Libyan royal regime. The
three-member team, headed by Prof. T. Umesao, carried out field work as a consequence of the preceding
massive work of African studies and set up various research fields. The initiation of Japanese activity,
however, has been frozen till now unfortunately. The defrosting is strongly waited for.

Key Words: Libya, Archaeology, Earth Sciences

* RIKEN (The Institute of Physical and Chemical Research). Hirosawa 2-1, Wako-shi, Saitama, 351-01 Japan.
** Tokyo National Museum. Ueno Park 13-9, Taito-ku, Tokyo, 110 Japan.
(Received July 30, 1992; Accepted Aug. 21, 1992)
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