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Trends of Livestock Production by Private Farmers in Kazakhstan after Independence

Masahiro HiraTa*, Hitoshi SHINJO**, Masayuki KITAGAWA*, Jyoken ISHIDA*,
Takashi Kosaki** and Akira MIvAZakI*

After gaining its independence in 1991, Kazakhstan introduced a markel economy and has been faced with
economical disorder ever since. Agricultural production, especially livestock production, has continuously decreased
during the last several years. While production on state farms and agricultural cooperatives has fallen, private farmers
(Kristiyanskaya hazyaistova), on the other hand, have gradually developed various aclivities in the agro-pastoral
production. Such activities have begun to play a more important role in the agricultural economy of Kazakhstan. This
paper, therefore, reports the current situation of private farmers in Kazakhstan. The strategy of developing agro-
pastoral activities is summarized as, 1) trying to rely more on rangeland and harvested fields for ruminant grazing, 2)
accumulating the necessary techniques for management through various experiences, and 3) securing the market
system through personal relationships. In order to improve and encourage the production activities of private farmers,
rearranging the market system and providing financial support should bewarranted.
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Water and Salt Stress Mediated Induction of f-amylase:
Selection of Species for Arid and Semi-arid Areas Plantation

Rupali DATTA* and Sanjay KUMAR*

Resistance to water and salt stress is the most important factor to be considered in the selection
of species for plantation in arid and semi-arid areas. The function of the enzyme S-amylase ($-amy)
in plants is to degrade starch, and its activity is linked to the mobilization of nutrients within the
plant. In the present study, maize and pearl millet leaves were used to study the effect of stress on
Bamy. The results obtained show that water and salt stress, and the loss of chloroplasts, stimulate
f-amy activity and protein level by three fold over control light-grown seedlings and light is an
essential factor for the this enhancement. This indicates that plants with higher f-amy activity can
counter the damaging effects of stress by efficiently mobilizing nutrients in the stressed tissues.
This finding can be used in future to identify species and/or develop plants over-expressing f-amy
by bio-technological manipulation, having better rates of survival and growth for plantation in arid

and semi-arid areas.

Key Words: Pennisetum americanum, Zea mays, famylase, Norflurazon, stress

l. Introduction

Global environmental changes, population pressure,
unsustainable and unhindered exploitation of land at the
local level such as mining, deforestation, grazing etc.
have not only contributed to the expansion of the existing
deserts and known arid areas, but have also contributed
to the stress factors catalyzing the fast degradation of
land, destabilizing the eco-system and the micro-climate
in many regions of the third world countries. Many
traditionally known fertile lands now fall under the
category of arid and semi-arid lands. The soil micro-
organisms and either completely destroyed, or are on the
verge of it, rendering conventional means of reclamation
costly and ineffective.

The rate of expansion of these arid and semi-arid areas
are also alarming: which has been instrumental in
inviting and contributing to natural calamities such as soil

erosion, unreliable rainfall, depleting ground water

resources, etc., thereby straining and reducing options
for development. In the long run, people belonging to
the lowest strata of society are the ultimate sufferers due
to these changes. Planners too are increasingly being
burdened with the complexities of the present situation.
It is essential therefore to devise means, using the tech-
niques of biotechnology, to stop and revert this trend.

In the present paper, laboratory tests were conducted
to study the effect of stress on famylase (B-amy), using
maize and pearl millet leaves under artificially created
conditions of salt, water and light stress. Maize and pearl
millet were chosen as these are crops especially suited
for growth in semi-arid areas, and can be expected to
have efficient in built stress-tolerating mechanisms. In
higher plants, the principal product of photosynthetic
carbon fixation (transitory starch) is formed inside the
chloroplasts, where it is stored till it is mobilized. It is
thought that either the amylolytic or phosphorolytic
pathways, or a combination of the two, may mobilize
transitory starch in chloroplasts. Starch degradation in
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plants, particularly in storage organs such as seeds and
tubers, is carried out by the action of a-amylase, f-amy
and starch debranching enzymes. It is therefore reason-
able to expect that in green leaves, starch-degrading
enzymes such as amylases are localized in the chloro-
plasts, in order to carry out starch degradation. On the
contrary, in several plants, studies on intracellular
localization of amylases have indicated that the majority
of the amylolytic activity in leaves is localized in the
extraplastidic compartment.

In several species, f-amy activity is regulated by
factors causing stress to plants. Incubation of potato
tubers at low temperature caused sugar accumulation
and the induction of a new isoform of S-amy (NIELSEN et
al., 1997). In vegetative organs of sweet potato, S-amy is
either absent or present at very low levels, however,
stresses such as mechanical wounding, or incubation of
leaf petiole cuttings in solutions of elicitors such as
polygalacturonic acid and chitosan (which mediate the
induction of wound related defense reactions) induced
the expression of f-amy and sporamin genes (NAKAMURA
et al., 1991). Similarly in barley, stresses such as the
photooxidative loss of chloroplasts by Norflurazon (NF)
treatment, elevated temperature and low water potential
stimulated f-amy activity by 3 to 5 fold in leaf (DREIER ef
al., 1995).

In many species, exposure to light also causes a
stimulation in S-amy activity. In mustard cotyledons,
phytochrome induced de novo synthesis of f-amy by
elevating its mRNA level (SHARMA and SCHOPFER, 1987).
The mutants of Arabidopsis thaliana with altered starch
metabolism accumulated high levels of famy activity in
leaf only when grown in a 12 h photoperiod but not under
continuous light (CASPAR et al., 1989). In addition to light,
Bamy activity is stimulated by sugars in several species.
In Arabidopsis leaf (MITA et al., 1995) and in sweet potato
petiole cuttings (NAKAMURA e¢f al., 1991) incubation in 6%
sucrose significantly increased famy activity after 7 days
of treatment. However, in Arabidopsis, maximal induction
of sucrose-mediated f-amy activity was observed in the
presence of light (MITA et al., 1995).

Studies on the subcellular localization of f-amy have
indicated that in species such as pea and wheat (ZIEGLER
and BECK, 1986) and Arabidopsis (MONROE et al., 1991) it
appears to be localized in the vacuoles, and in spinach

and Chenopodium it is localized in the cytosol (ZIEGLER
and BECk, 1986). Immunocytochemical localization stud-
ies in Strepanthus tortuosus and Arabidopsis revealed that
Pamy is localized in the phloem cells (WANG ef al., 1995).

The localization of f-amy outside the chloroplast
indicates that it may have functions other than starch
degradation, and there has been a suggestion that Samy
are stress-induced proteins (DREIER et al., 1995). Also,
the fact that famylase is very stringently regulated by
several factors as mentioned above indicates that it may
play an important role in plant metabolism. In the
present study, we have examined the effect of water and
salt-stress and the absence of chloroplasts on f-amy
activity in maize and pear] millet leaves. We report that
in maize and pearl millet leaf, major portion of the famy
activity is localized in the vacuoles, and stress induces
amy activity and protein level in light.

2. Materials and Methods

1) Piant materials and treatments

Maize (Zea mays) var. Ganga-5 and pearl millet
(Pennisetum americamun) var. WCG-75 seeds were
obtained from AP State Seed Corporation, Hyderabad,
India. Seeds were first soaked in distilled water for 12 h
and then sown on moist germination papers. The
seedlings were grown in growth room maintained at
25°C with a relative humidity of 60% in continuous white
light (100 mmol m? sec) or darkness. White light was
obtained using four cool white fluoroscent tube lights of
40 W each. A set of seedlings grown in darkness for six
days were also transferred to white light for 24 h to study
the influence of light on Samylase activity. For Norflura-
zon (NF) treatment, maize and pearl millet seeds were
presoaked for 12 h in NF (0.4 mM) and sown on germina-
tion papers moistened with NF and grown as mentioned
above. The first leaf from these seedlings were harvested
by excising at mesocotyl junction for all analyses.

Four-day old seedlings grown in distilled water were
subjected to water and salt stress. Seedlings were
transferred to various concentrations (100-500 mM) of
sorbitol or NaCl solution. Thereafter, the seedlings were
grown under white light or darkness for four more days
and irrigated with the respective solutions. Control
seedlings were grown similarly, but in distilled water.



Since 300 mM sorbitol and NaCl were found to be
optimum for B-amy induction, all the subsequent
experiments were done using seedlings grown in 300
mM sorbitol or NaCl.

2) Isolation of mesophyll and bundle sheath protoplasts

Isolation of mesophyll and bundle sheath protoplasts
was done according to the procedure of LEEGOOD et al.
(1982). The first leaf was excised at base from 9-days-old
maize and pearl millet seedlings. The harvested leaves
were cut into 0.5 mm sections with a razor blade and
washed in the wash medium containing 0.5 M sorbitol
and 1 mM CaClz in 5 mM MES (pH 6). The tissue was
digested with digestion medium containing 0.5 M
sorbitol, 1 mM CaClz, 2% (w/v) Onozuka 3S (cellulase),
0.1% (w/v) Macerozyme R-10 in 5 mM MES (pH 5.5) for
2 h at 25°C in a petri dish. The tissue was washed with
20 ml of wash medium and filtered through a 500 mm
nylon mesh (a tea strainer). The washing was repeated
three times. The filtrates of all three washes were pooled
and passed through a 80um nylon mesh. The filtrate con-
tained mesophyll protoplasts and the residue contained
the bundle sheath strands. The filtrate was centrifuged at
100g for 5 min. The pellet was resuspended in 5 ml of
sucrose medium containing 0.5 M sucrose, 1 mM CaCly,
5 mM MES buffer (pH 6.0). The sucrose medium
containing protoplasts was transferred to a centrifuge
tube and 1 ml of wash medium was layered over it and
centrifuged at 250g for 5 min. The protoplasts at the
interface of the two solutions were collected using a wide
bore pipette and centrifuged at 100g for 5 min to obtain
mesophyll protoplasts. The residue left after filtration
through 80um nylon mesh contained the bundle sheath
cells. The residue was incubated in the digestion
medium at 25°C for 2 h. The procedure used to isolate
bundle sheath protoplasts was the same as that used for
the isolation of mesophyll protoplasts.

3) Isolation of vacuoles

Isolation of vacuoles was done according to the
procedure of ZIEGLER and BECK (1986). Two grams of
first leaf harvested from 9-d-old light-grown seedlings of
maize and pearl millet were cut into thin strips in buffer A
consisting of 5 mM MES (pH 6). 1 mM CaCl; and 0.5 M
sorbitol. The strips were incubated in dark for 3 h in 30
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ml of buffer A supplemented with 2% (w/v) cellulase and
0.1% (w/v) macerozyme. The pH of the digestion medi-
um was adjusted to 5.5 after addition of the enzymes.
The strips were washed three times with buffer A and the
solutions were pooled. The solution was filtered through
a 100pmm nylon mesh and centrifuged at 165¢g for 5 min.
The pellet was suspended in 7 ml of buffer B consisting of
5 mM MES (pH 6), 1mM CaClz, 0.5 M sucrose and 20%
(v/v) percoll. Over this suspension ina centrifuge tube, 2
ml of buffer C consisting of 5 mM MES (pH 6). 1 mM
CaClz 0.4 M sucrose, 0.1 M sorbitol and 10% (v/v) percoll,
and 2 ml of buffer A was layered. Intact protoplasts at the
interphase of buffer C and buffer A were collected after
centrifugation at 1,000g for 10 min. The protoplasts were
lysed in buffer A by mixing 4.5 ml of buffer D consisting
of 25 mM HEPES (pH 7.8), 2 mM EDTA and 20% (w/v)
ficoll (400) to every 3 ml of protoplast suspension and
shaken by hand occasionally. Two ml of buffer E
consisting of 10 mM HEPES (pH 7.6), 2 mM EDTA, 0.5
mM sorbitol and 5% (w/v)ficoll (400) and 3 ml buffer F
consisting of 10 mM HEPES buffer (pH 7.6). 2 mM
EDTA and 0.5 M sorbitol were layered on the mixture
and centrifuged at 1,000g for 10 min. The vacuoles
banded at the interphase of buffer D and E and the
chloroplasts sedimented at the bottom. The vacuoles
were collected using a wide bore pipette. The yield of
vacuoles was checked both microscopically, as well as by
the assay of the marker enzyme acid phosphatase.

4) B-amylase assay

One gram of leaves was homogenized in 2 ml of 10
mM sodium acetate buffer (pH 5.0) containing 4 mM
CaCl; and 500 mg of quartz sand in a prechilled mortar
on ice. The homogenate was diluted to 4 ml with
extraction buffer and centrifuged at 7,600g for 10 min at
4°C. The clear supernatant was assayed for f-amy
activity using smylose as the substrate as described
earlier (VALIAY and SHARMA, 1991). Total amylase activity
was assayed in a reaction mixture (final volume 4 ml)
consisting of 100mM sodium acetate buffer (pH 5.2), 4
mg/ml soluble starch, 4 mM CaCl; and 1 mM NaF. The
assay was initiated by adding 100yl of the crude enzyme
extract to the reaction mixture. The assay was carried
out at 30°C. Aliquots of 500 m! were withdrawn at 0, 15
and 30 min from the beginning of the assay and were
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mixed with 500ul of dinitrosalicylic acid reagent. The
resulting mixture was heated for 5 min on a boiling water
bath. After cooling, the mixture was diluted to a final
volume of 6 ml with distilled water. The increase in
reducing sugars was determined by measuring
absorbance at 540 nm using maltose as standard. After
assaying total amylase activity, S-amy activity was
calculated by subtracting the value of a-amylase activity
from the total amylase activity. o-Amylase assay was
performed after inactivation of -amy present in the crude
extract by heating equal volumes of the crude extract and
20 mM CaCl: solution in a water bath at 70°C for 10 min.
The assay mixture for c-amylase in a final volume of 4 ml
consisted of 160 mM sodium acetate buffer (pH 5.2) 1
mM NaF and 4 mg/ml BHimit dextrin. a-Amylase activity
was assayed as described earlier for total amylase.

Non-dissociating PAGE was done using 10% gels. The
gels were stained for activity after incubating them for 2h
at 37°C in a solution containing 1% (v/v) soluble starch in
100 mM sodium acetate buffer (pH 5.0) and 10mM CaCl..
The gels were then washed and stained using a solution
of 5.7 mM 1. and 43.3 mM KL

5) Western blotting

SDS-PAGE was carried out following the procedure of
LAEMMLI (1970) using 10% gels. Western blotting after
SDS-PAGE was done using antibodies against maize seed
Bamy and the bands were visualized using an alkaline
phosphatase conjugated anti-rabbit sheep antibody. The
first leaf or the leaf segments were homogenized in an
extraction buffer, consisting of 100 mM sodium acetate
buffer (pH 5.0) containing 4 mM CaCly. After centrifu-
gation (20,000g, 0°C, 20 min), the supernatants were
boiled after mixing with an equal volume of 2 X SDS-
PAGE sample buffer. The gel was electroblotted by semi-

dry blotting to a polyvinylidenedifluoride membrane
(Immobilon P, Millipore) following the protocol
described by TowBIN ef al. (1979). Anti-B-amy polyclonal
antibodies raised in rabbit for maize famy were used to
detect the corresponding antigens.

3. Results and Discussion

To discern the distribution of f-amy in maize leaves,
we examined its level in the mesophyll and bundle sheath
cells. Table 1 shows that B-amy activity can be detected
both in isolated mesophyli and bundle sheath protoplasts,
whereas famy is present only in the mesophyll proto-
plasts. Moreover, f-amy activity is not detectable in the
chloroplasts isolated from both mesophyll and bundle
sheath protoplasts. The possibility of a vacuolar localiza-
tion of famy was examined by isolating vacuoles from
the protoplasts of maize and pearl millet leaves. The
purity of the vacuolar preparation was checked by
assaying acid phosphatase activity as a vacuolar marker
enzyme. The loss of vacuoles during isolation from the
protoplasts was calculated by estimating percent recovery
of acid phosphatase in vacuoles by comparing with its
amount present in protoplasts. The observed values for
acid phosphatase recovery were used to calculate the
relative amount of S-amy present in vacuolar compart-
ment of intact protoplasts. The above estimation of
relative amount of S-amy present in vacuoles show that in
maize and pearl millet leaves, about 94% and 80% of S-amy
activity of the protoplast is present in the vacuoles
respectively (Table 2). The data reported represent the
average value of three independent experiments.

The activity staining of gels after non-denaturing PAGE
of extracts prepared from maize leal, protoplasts and
vacuoles showed a single band of S-amy (Fig. 1A).

Table 1. Distribution of amylase activity in mesophyll and bundle sheath cells of

maize leaves.
Cell Fraction Amylase Activity (nkat/mg protein)
c-amylase Pamylase
Mesophyll chloroplasts 0.26 (£ 0.02) n.d.
Mesophyll cytosol 0.81 (£ 0.07) 3.28 (£0.3)
Bundle sheath chloroplasts 0.25 (£0.02) nd.
Bundle sheath cytosol 0.37 (£ 0.04) nd.

n.d.: not detectable.
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Table 2. Recovery of famylase in different cellular factions of maize and pearl millet leaves.

Cell Fraction Amylase Activity

(nkat/mg protein)

activity (mM of pnp released)

Acid phosphatase % Pramylase

(corrected value*)

o-amylase famylase

- ﬁﬂiz[‘ o g =" o o o o o S
Crude extract 1.03 (£0.08) A.69 (4 0.5) 205 (x2) =
Protoplasts 0.83 (£0.08) 351 (+£04) 135 (£1:2) =
Vacuoles n.d. 0.78 (+0.08) 32 (£0.29) 93.7

Pear] Millet

Crude extract 1.15 (£0.1) 4.88 (+04) 217 (E2) =
Protoplasts 0.91 (+0.08) 386 (£04) 14.02 (£ 1.3) =
Vacuoles n.d. 0.81 (+0.08) 38 (£04) 80.3

n.d.: not detectable.

*The corrected value of Famylase represents the relative amount of famylase present in vacuoles of

maize and pearl millet protoplasts. The values were calculated by estimating the recovery of marker

enzyme acid phosphatase in vacuolar fractions.

R

Fig. 1. Localization of Famylase in vacuoles.
Extracts from different sub-cellular fractions of 9-d-old
maize leaves were subjected to either non-denaturing
PAGE followed by enzyme staining using amylose as
the substrate (A) or to SDS-PAGL followed by Western
blotting against Samylase antiserum (I3).

Lane 1, Vacuolar extract; Lane 2, Mesophyll protoplast
extract; Lane 3, Crude extract.

Likewise, the analysis of extracts prepared from maize
mesophyll cells, protoplasts and vacuoles by western
blotting analysis using polyclonal antibodies raised
against maize fFamy for the extracts showed a single 56
kD band corresponding to the molecular weight of maize
famy (Fig. 1B). There was no discernible difference in
the molecular weight of famy present in the leal, in the
vacuole and that in the protoplast (Fig. 1).

The location of famy outside the chloroplast in leaves

indicates that it may have function(s) other than starch
degradation, as leaves do not possess polymeric carbohy-
drates outside the chloroplasts. One potential function of
famy could be that of defense against putative pathogens
or an endogenous marker of stress expressed by plants.
Relatively few studies have examined these possibilities,
but there are few reports favoring the view that amylases
are induced by various stresses. For example, in tobacco,
infection by tobacco mosaic virus elevated c-amyvlase
activity located in the apoplast of leaves, along with
increase in levels of pathogenesis related proteins such
as hydrolases (Herrz ef al., 1991). Similarly, in barley
seedlings, exposure to water stress stimulated Samy
activity in leaves, and increased level of famy was local-
ized in extraplastidic compartment (JACOBSEN et al., 1986).

In order to check if the above is true for maize and
pearl millet leaves, experiments were conducted under
conditions of salt and water stress. Figure 2 shows that
dark-grown maize and pearl millet seedlings possess low
levels of f-amy activity compared to light-grown
seedlings, which possessed significantly higher activity.
The transfer of dark-grown seedlings to light for 24 h
stimulated framy activity to a level nearly equivalent to
light-grown seedlings. The application of the herbicide
NI', which inhibits carotenoid biosynthesis causing
photooxidation of chloroplasts under light, had no
significant effect on famy activity of etiolated seedlings.
In contrast, the NF-treatment strongly stimulated S

amylase activity in seedlings grown under continuous
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light and also in seedlings transferred to light from

darkness. Similarly, in seedlings subjected to water

stress by transferring them into sorbitol and sodium
chloride solutions, exposure to stress strongly stimulated
B-amy activity in light-grown seedlings and also in
seedlings transferred to light. Interestingly, for all three
stress treatments, NF, sorbitol and sodium chloride, the
maximal induction of S-amy was observed only in
seedlings exposed to light, and in dark-grown seedlings
the effect of these treatments was minimal (Fig. 2).

The view that light and stress mediated stimulation of
framy activity results from an increase in its protein level
was ascertained by western blotting of leal extracts from
the stressed and control seedlings, Western blotting
indicated that the stimulation of famy activity in stressed
leaves causes a strong stimulation of f-amy protein levels
(Fig. 3). In all cases, the stimulation of famy activity was
also accompanied by a similar increase in famy protein

level.
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Fig. 2. Effect of stress on famylase activity.
Maize (A) and pearl millet (B) seedlings were grown
for 4 d in distilled water and for d in 300 mM sorbitol
(SOR), 300 mM sodium chloride (NaCl), or for 8 d in
distilled water (DW) or in Norflurazon (NF).
Seedlings were grown either in continuous darkness
(D), white light (L) or for 7 d in darkness followed by
1 d in white light (D-L). The first leaf was assayed for
B-amylase activity,

In the present study, maximal elevation of f-amy
activity in water- and salt-stress treated seedlings could
be observed only when the seedlings were either grown
in light or were transferred to light. By contrast, the
same treatments had little effect on famy activity of dark-
grown seedlings. Apparently, exposure to light is
necessary for the full expression of stress-induced Bamy
activity in maize and pearl millet seedlings. Such an
interaction between light and sugar induced famy is also
observed in Arabidopsis, where light is required for the
maximal induction of Samy (Mita ef al., 1995),

The mode of interaction between light and stress at the
moment is not known and can only be speculated. it is
possible that the two responses, i.e. to light and stress,
act at two different levels, and when the plant is simulta-
neously exposed to both of these, there is a multiplicative
effect on famy accumulation. It is also likely that the
seemingly different stress responses such the loss of

functional chloroplasts and water stress may converge at

D
D-—L

Fig. 3. Effect of stress on Samylase protein level,
Maize seedlings were grown either in distilled water
or NF for 8 d or for 4 d distilled water followed by 4 d
in 300 mM sorbitol or sodium chloride in white light
(L), dark (D) or for 7 d in darkness followed by 1 d in
white light (D-L). First leaves from the seedlings
were harvested and subjected to SDS-PAGE followed
Western blotting using fFamylase antibodies. Lane 1,
Distilled water, Lane 2, NF; Lane 3, sorbitol; Lane 4,
sodium chloride.



a common mechanism which may be operational only in
light. It has been observed that stresses such as cold and
drought transmit the signal via the activation of a specific
mitogen-activated protein kinase (JONAK et al., 1996).
There is an evidence that protein phosphorylation is a
key element in sugar-mediated regulation of sweet potato
B-amy and sporamin in leaf petiole cuttings of sweet
potato, as it is inhibited by inhibitors of Ser/Thr protein
kinase (OHTO and NAKAMURA, 1995) and also of protein
phosphatase 1 and 2A (TAKEDA et al., 1994). At the
moment the level at which these factors regulate Samy
activity in maize and pearl millet is not known. Neverthe-
less, western blotting revealed that stress mediated
induction in B-amy activity was correlated with the
increase in S-amy protein (Fig. 3).

In barley, B-amy activity in NF bleached leaves was
higher compared to green leaves, and this induction by
NF was interpreted as a stress response to light in the
absence of pigments (DRIER et al., 1995). However,
results obtained in this study indicate that the role of
light is rather indirect, and it only amplifies the effect of
stress on the famy level.

4, Conclusion

The results obtained in this study indicate that, stress
caused by the loss of functional chloroplasts in NF-treated
seedlings in light, potentiates a strong stimulation of -
amy activity both in pear] millet and maize leaves. Such a
stress-mediated upregulation of famy appears not to be
restricted to the loss of chloroplasts alone. Exposure of
seedlings to other stresses such as water and salt stress,
in seedlings growing in solutions of low water potential,
or exposure to high (30 mM) concentration of salt, also
induce a similar increase in S-amy activity. These results
show that in maize and pearl millet leaves, famy level is
regulated by environmental stresses. This indicates that
plants with higher S-amy activity can counter the
damaging effects of stress by efficiently mobilizing
nutrients in the stressed tissues. This finding can be
used in future to identify species and/or develop plants
over-expressing S-amy by bio-technological manipulation,
having better rates of survival and growth for plantation

in arid and semi-arid areas.
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Carbon Sequestration in an Arid Environment Near Leonora,

Western Australia
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This paper tested the hypothesis that arid areas have the potential to make appreciable
contributions to global carbon sequestration. This is a preliminary result of a project which has the
aim of increasing the present level of carbon sequestration by 5-20 times by afforestation using
systems such as efficient water harvesting, irrigation, soil-improving cultivations, careful species
selection and development of systems to increase rainfall.

Near Leonora in Western Australia, where mean annual rainfall is 208mm, selected shrub species,
and tree species in four plant communities were destructively sampled to measure the contributions
to biomass of leaves, branches, stems and roots.

Total DM (dry material weight) in the shrub species ranged from 161-870g. Total DM in the tree
species that were root washed ranged between 1.45kg (height=1.00m) and 379.5kg (height=5.70m).
Roots contributed 17.2-24.9% of total DM in the shrub species, and 19.7-29.7% in the tree species.

Transects were established and sampled through each of the plant communities to record the size,
distribution and numbers of each perennial species. Data from the destructive sampling was used to
estimate the biomass of comparable plants found on these transects. Wood samples from the
destructive samples were analysed for their carbon contents and age estimations.

Trees contributed 12% of plant numbers but 88% of the biomass. The data suggest that in this area
plant communities contribute a range of 600kg DM/ha to 82t DM/ha of total standing biomass, with
a mean of 8.5t DM/ha (4.1t-C/ha) over the entire Sturt Meadows Station (299,250ha). Eucalyptus

— Original Article —

camaldulensis could sequester 16kg-C/plant-y and 10-C/ha-y.

Key Words: Afforestation, Arid land, Carbon sequestration, Biomass

1. Introduction

Kojima et al. (1995) proposed a project to sequester
atmospheric carbon through the planting of 1Mha of
trees in arid areas. They estimated that this planting
could sequester 0.15-0.2 Gt-C/yr, equivalent to 10% of the
carbon dioxide emissions from rainforest deforestation.

While arid areas by definition receive little rainfall, low
latitude receive high solar radiation (>1kW/ m?).
Therefore, arid areas have the potential to promote rapid
tree growth if water can be provided.

A collaborative study has commenced in Western
Australia to develop tree planting technology for arid
areas based on rainwater harvesting, careful choice of

species, the development of cultural techniques, soil
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improvement and systems to increase rainfall.

It has been estimated that about 54 % of the carbon
pool held in trees in Australia should be found in its arid
parts (CAMAHAN, 1976; GIFFORD et al., 1992; GRIERSON et
al., 1992; NATIONAL PLANTATION INVENTORY, 1997). Yet
little work has been undertaken to establish the annual
rates of carbon sequestration. This is important to verify
the sequestration estimates above, and to provide a
baseline from which to judge the effectiveness of future
research and development.

The research reported in this paper investigated the
dry matter, carbon contents and ages of various
constituent species of woodland and shrubland
communities in the Leonora area of arid Western
Australia. The project tested the hypothesis that arid
areas have the potential to make appreciable
contributions to global carbon sequestration.

2. Methodology

1) Location

The research site is located on the 299,250 ha Sturt
Meadows pastoral sheep station, centred 45km north
west of Leonora in the North Eastern Goldfields sub-
region at latitude 28° 53” S; longitude 121° 45" E.

2) Description of the environment

Geologically the sub-region is part of the Yilgarn
Craton, built on Archaean rock. It comprises linear to
arcuate north-west trending belts of greenstone and local
gneissic rocks, intruded by granitoid rocks of Archaean
age. Overlying all the rock units are alluvial, colluvial,
aeolian and lacustrine deposits of Cainozoic age, which
are generally thin and variable. Some of the surficial
sediments are deeply weathered and laterised (ALLEN,
1994).

The sub-region ranges from about 350-550m above sea
level. It is generally of low relief with erosional
escarpments bordering some areas of laterite, local
ranges and isolated hills, formed by more resistant rocks,
and small to very large playa lake systems in the lowest
areas (ALLEN, 1994).

The mean annual rainfall is 208mm (median rainfall=
195mm), and is characterised by high variability (50-
500mm). The area receives 46% of its rainfall in winter

and 54% in summer. Winter rainfall is more reliable and
generally occurs in lighter falls; summer rainfall is often
associated with thunderstorms or decaying cyclones, and
is more unpredictable and generally occurs in heavier
falls. Annual pan evaporation is approximately 3,400mm.
Together these give the area a bioclimate description of
‘Desert: Summer and winter rainfall’ (after BEARD, 1990).

A computer prediction of available soil moisture, based
on rainfall, evaporation and likely runoff (ARWATBAL
after FITZPATRICK ef al., 1967) indicates that in 71% of
years the area can expect a winter growing season of at
least 6 pentads (five day periods), but in only 19% of years
the area can expect a summer growing season of 4
pentads. The average length of growing season is 50
days (+/-32) in winter, and 10 days (+/-7) in summer
(GILLIGAN, 1994).

The hottest month is January (mean monthly maxi-
mum=37.1° C, mean monthly minimum=21.6" C), and the
coldest month is July (mean monthly maximum=18.2° C,
mean monthly minimum=6.0°" C).

3) Site selection and site descriptions

Seven sites covering four plant communities were
chosen for sampling. These were an Eucalyptus
(Eucalyptus camaldulensis) drainage line community, a
Tea Tree (Melaleuca sheathiana) salt lake margin
community, a Chenopod shrubland community, and a
Mulga (Acacia aneura) over hardpan community.
Certain site types were selected secondarily on the basis
of their hydrology (run on, run through, and run off
sites). The essential characteristics of the seven sites are
laid out in Table 1.

4) Species selection for destructive sampling

The species were chosen for destructive sampling on
the basis of their importance to the composition of their
plant community. Individual plants of average size were

chosen for sampling on the basis of visual appraisal.

5) Plant sampling

(1) Lower, mid and upper story sampling

These vegetation storeys were measured using the
transect recording and processing system (TRAP
System: BACK et al., 1996), which involves identifying,
locating, and measuring each plant along a minimum of
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SITE GENERAL SOIL TYPE HYDROLOGY VEGETATION
DESCRIPTION
1 Banks of incised Alluvium over clays Major watercourse & Productive, fringing
drainage channel Hardpan exposed in distributary in floods riparian woodland
channels
2 Tree grove over Clay loam over hardpan Site receives and Acacia aneura tall
drainage focus concentrates run on shrubland
3 Gently inclined Saline alluvium over Run through/Run off Shrubs < 1.0m
plain/Margin of salt hardpan area
lake system
4 Plains subject to Shallow red earth soils Sparce, un-incised Acacia aneura
sheet flow over hardpan drainage zone, Run shrublands
off area
5 Broad drainage Red earthy sands over Natural run-on Acacia aneura
track hardpan diverted by road for shrublands
100 years ?
6 Saline plain Shallow red sandy Subject to flooding Acacia & Melaleuca
fringing salt lake clays over hardpan after heavy rain over low holophytic
shrubs
7 Mulga thicket in Clay loam over hardpan Run on area Acacia aneura
water-course dominant. Little
depression ground story

three fixed transects per site. Transect length and width
was varied to allow measurement of at least 100 plants of
the dominant species on each site, where measurement
of upper story species required a larger sampling area.
This area was arranged so that the lower and mid story
transect fell within the centre of the upper story sampling
area. The height of all woody plants was measured. The
circumference or diameter of trees and large shrubs was
measured at 30cm above ground level, and at 1.3m for
plants over 2m in height. For the larger multi-stemmed
plants each system was recorded separately and it was
noted whether it was alive or dead. Canopy cover was
assessed from two measures of the canopy diameter, one
parallel to the transect and the other at right angles to it.
Transect data was standardised as plant numbers per
hectare.

(2) Ground story sampling

Ground vegetation (annual and short-lived bunch
grasses, ephemeral forbs, perennial grasses, and sedges)
at each site was sampled using 20 fixed 1m? quadrats at
5m intervals along a transect. The plant material was cut

to ground level, dried and measured as dry matter/m?.
Litter was split into two categories, that of leaves and
decaying plant material, and that of woody material and
sticks. Some of this woody material consisted of branch-
es and tree trunks that had fallen to the ground and were
intercepted in the quadrats. Leaves and decaying plant
material were oven dried; wood and sticks were assumed
to be dry due to the extremely dry conditions at the time
of sampling.

The ground story was also sampled using 2,000 wheel
point strikes per site. Leaves, sticks and decaying plant
material were all recorded as litter.

(3) Destructive plant sampling

Plants at six of the seven sites were sampled destruc-
tively to provide the guides for Dry Matter (DM) content
of the total plant community.

The area around the felling site was cleared of plant
debris, and tarpaulins were laid out to ensure the purity
of the sample. The whole plant was measured as for all
plants found along transects. Stems of trees and shrubs
less than 1cm in diameter were then harvested from the
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plants, cut up into manageable portions and placed on a
tarpaulin. This sample was weighed to determine the
fresh weight of the section of each sampled plant that was
less than 1cm in diameter. A 10kg sub sample was
stripped of leaves, and the leaves and twigs were fresh
weighed separately, and then dried and reweighed.

The remainder of the plants were sampled in the
categories: branches 1-4cm, branches > 4cm, and trunk.
All parts were fresh weighed, sub sampled, dried and
reweighed. Total dry weight of each component of the
plant was calculated and recorded. Similarly the root
systems of some plants were washed out of the ground,
drained, fresh weighed, sub sampled, oven dried, and
reweighed to give the weight of the root systems.

(4) Calculating biomass per hectare

The Dry Matter values per hectare, and over the entire
Sturt Meadows are estimates. The estimates are based
on the following method:

1. Measure the dry matter of a reference sample of
shrubs, grasses and trees of different sizes (this is the
work that was done in the destructive sampling). These
provide reference samples. Other plants of the same size
and growth form as the reference plants are assumed to
contain the same Dry Matter.

2. Knowing the Dry Matter and density of grasses from
reference areas on Sturt Meadows an estimate can be
made for this which will be the lowest DM/ha. Identify-
ing the maximum tree densities and heights allows an
estimate to be made of DM/ha for this which will be the
largest standing biomass/ha.

3. Other estimates can be made for areas of Sturt
Meadows which have shrub vegetation and no trees, or
Mulga woodland. A limited number of classes of each
vegetation type are established to represent different
plant densities.

4. A value for DM/ha is calculated for each vegetation
type and density class based on the estimate of plant
density, and the mix of plant types and sizes. For each
vegetation type multiply the estimated number of plants/
ha of each particular size by the measured DM of
reference plants. Add the calculated totals of DM/ha for
each type or size of plant on a site together to arrive at
the total DM/ha for that vegetation type.

5. Using aerial photographs identify areas of land
which support grasses only, shrubs and grasses only, or

trees and shrubs in the chosen density classes. These
different areas are delineated and measured.

6. To arrive at an estimate of total DM for Sturt
Meadows multiply the calculated DM/ha for each of the
vegetation types by the area of Sturt Meadows that it
covers. Then add the DM totals for each vegetation type
together.

7. The average DM/ha for Sturt Meadows will be the
total DM (calculated in 6. above) divided by the size of
Sturt Meadows.

6) Carbon analysis

Dried wood samples of each of the plants that was
destructively sampled were tested for their carbon con-
tent by measurement of residue following combustion.

7) Plant aging

Cross sections of plant trunks were analysed at the
Australian National University to determine plant ages.
The method compared counts of growth rings with
rainfall records to correlate years of good rainfall with
large annular rings. These correlations provided fixed
points in the aging analysis.

3. Observations

1) Relative contribution to total biomass of different

plant parts of sampled species

Table 2 shows the dry weight of the parts of the
destructively sampled plants, and gives the percentage
contribution of the plant parts. Total dry matter (DM) in
the shrub species ranged from 161-870g. Total DM in
the tree species that were root washed ranged from 1.45
kg to 379.5kg. Roots contributed 17.2-24.9% of total DM
in the shrub species, and 19.7-29.7% in the tree species.
The largest Acacia aneura (Site 2), Acacia tetragonophyl-
la and Eucalyptus camaldulensis trees were only sampled
to ground level. Branches >1cm diameter and trunks
contributed 91.8%, 76.4%, and 91.3% of the above ground
DM (89.2kg, 20.9kg and 623.2kg) respectively.
2) Estimates of biomass per hectare for the different

sampling sites and vegetation storys

Table 3 provides the estimates of above ground
biomass provided by vegetation above and below 4m in
height for each of the sampling sites. Taken overall for
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SPECIES SITE HEIGHT ROOTS TRUNK BRANCHES LEAVES TOTAL
Roots sampled m kg kg kg kg kg o
Acacia ramulosa 3 2.09 15.95 3199 19.48 13.44 80.86
Lawrencia squamata 3 0.40 0.16 0.5 0.04 0.692
Acacia aneura (1) 4 5.70 98.76 138.09 131.12 11.56 379.53
Acacia aneira (2) 4 1.55 1.70 32 1.20 6.10
Acacia aneura (3) 4 1.00 0.43 0.92 0.09 1.45
Eremophila forrestii 4 0.50 0.040 0.097 0.024 0.161
Eremophila macmilliana 4 1.00 0.15 0.46 0.26 0.87
Melaleuca sheathiana 6 2.94 75.57 105.44 155.09 25.82 361.92
Roots not sampled
Eucalyptus 1 16.40 494.20 158.15 30.07 682.42
camaldulensis (Note 1)
Acacia aneura 2 7.80 55.37 38.41 3.39 97.17
Acacia tetragonophylla 7 4.20 8.44 17.8 1.13 27.37
Table 3. Plant numbers and biomass per hectare.
SITE HYDROLOGY PLANTS PLANTS TOTAL BIOMASS  BIOMASS TOTAL
<4 m height >4m PLANTS PLANTS  BIOMASS
<4m >4m
stem/ha stem/ha stem/ha kg/ha kg/ha kg/ha
1 Stream bank 155 205 360 1,068 86,807 87,875
2 Run on/ natural 1,719 672 2,391 1,233 86,230 87,463
depression
3 Run through/ 6,750 0 6,750 610 0 610
run off
4 Drainage line/ 3,488 263 3,751 8,766 38,725 47,491
runroff
5 Drainage but water 4,013 175 4,188 7.914 21,750 29,664
diverted
6 Run through/ run 6,535 33 6,568 10,362 11,744 22,106
off
7 Broad drainage 1,500 1,825 3325 14,553 87.396 101,919
floor/run on
Mean 3451 453 3,905 6,358 47,522 53,880
Percentages 88.4% 11.6% 100% 11.8% 88.2% 100%

the seven sites these data indicate that vegetation above
4m in height contributes some 11.6% of the total number
of plants but contains 88.2% of the above ground biomass.
Conversely vegetation below 4m in height contributes
some 88.4% of the plant population, but these plants only
contain 11.8% of the biomass.

Aerial photographic analysis provided an estimate of
8.5 tons DM per hectare for the above ground biomass

and 10.5t DM including roots for the whole of Sturt
Meadows Station (299,250 ha).

3) Carbon content of wood samples of various species

The carbon contents of fresh wood samples (Table 4)
were similar (43.3-51.7%), and reflect the low moisture
contents found in the material. Moisture contents of the
total above ground parts of the sampled plants varied
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Table 4. Dry matter, carbon content, estimated age of individual plants and estimates of

annual production.

SPECIES SITE ABOVE CARBON  ESTIMATED ABOVE CARBON
No, GROUND AGE GROUND SEQUESTERED
DRY DM
MATTER PRODUCTION
kg % years kg/year (mean)kg/year (mean)
Eucalyptus camaldulensis 1 682.42 47.7% 19-22 31.0-35.9 14.8-17.1
Acacia aneura 2 97.16 47.0% 42-55 1.8-2.3 0.8-1.1
Acacia ramulosa 3 64.92 43.3% 22-34 1.9-3.0 0.82-1.3
Lawrencia squamata 3 0.53 47.8% N/A N/A N/A
Acacia aneura (Specimen 1) 4 280.77 51.7% 61-123 2.3-4.6 1.2-24
Acacia aneura (Specimen 2) 1 4.40 48.6% 23-26 0.17-0.19 0.08-0.09
Acacia aneura (Specimen 3) 4 1.02 418.2% 21 0.05 0.02
Eremophila forestii 4 0.12 47.0% N/A N/A N/A
Eremophila macmillaniana 4 0.72 47.8% 10 0.07 0.03
Melaleuca sheathiana 6 286.35 49.9% 43-83 3.5-6.7 1.8-3.3
Acacia tetragonophylla 7 27.36 46.0% 24-31 0.08-1.14 0.40-0.52
Mean
47.7%

from 37.8% in the Eucalyptus camaldulensis to 13.5 % in
the Melaleuca sheathiana. The moisture content of total
above ground parts for all the sampled Acacias showed
little variation from a mean of 19.38% (sd +/-0.43%).

4) Estimated mean annual dry matter production
and carbon sequestration of selected plants

Age estimates for some of the samples are quite broad,
reflecting the difficulty involved in aging species of arid
land plants. Five of the samples have an indicated age of
around 20-22 years. Germination and plant establishment
in arid areas tends to be episodic, occurring in years of
above average rainfall. The NE Goldfields sub-region
received particularly high annual rainfall in 1974-75 (i.e.
22 years ago). This appears to validate some of the ages
estimates. The age of the older Acacia aneura trees and
the Melaleuca sheathiana are more problematical. Local
observation would suggest that the plants are more likely
to be nearer to the older end of the age range.

Annual dry matter production estimates (Table 4) are
based on the total DM measurements divided by the
indicated age. Under natural conditions the majority of
the sampled species have grown slowly, producing
between 50g and 6.7kg DM per year. The exception is

Eucalyptus camaldulensis, which produced some 30-35kg
DM per year, which is 9-10 times more than any of the
other species sampled. This is thought to reflect both a
species difference and site difference.

Carbon sequestration rates follow the same pattern as
dry matter production. The estimates for the species
sampled range from 20g to 3.3kg Carbon per plant per
year. E. camaldulensis is the exception, indicating a

carbon sequestration rate of 15 to 17kg Carbon per year.

4. Discussions

Little or no replication of sampled trees was attemped
in this study due to the scale of the undertaking of
destructive sampling. Thus, although the (unpublished)
transect records are numerous, the results of this work
must be seen as preliminary and indicative only until
further research is carried out in the same area.

Arid areas do make large contributions to global
carbon sequestration by virtue of their extent, making up
some 40% of the land mass of the globe. However, the
carbon sequestration rates measured in this study are
low. The exception to this is the Eucalyptus species.

Estimations based on our measurements from a single



tree suggest that one hectare of FEucalyptus
camaldulensis, grown at a plant density of 625 trees per
hectare, could be expected to sequester 10t-C/ha-y. If
Carbon credits trade at $20 per tonne of Carbon
sequestered this would represent an annual gross return
of $200 per hectare, or $4,000 per hectare over a 20 year
rotation. This is far higher than any other form of
primary production presently practised in arid areas of
Australia. Present levels of annual net return per hectare
in Western Australia are said to be $0.3 for 200-250mm
rainfall area and $90 for 300-350mm rainfall area. This
provides an indication of the economic level of funding
that could be allocated to establishing areas of trees for
Carbon sequestration. This work requires verification.

Table 3 further indicates that while shrubs are far more
numerous, growing at higher plant densities, arid land
rehabilitation using shrub species will not produce a
concomitant benefit in terms of carbon sequestration.
For land rehabilitation and carbon sequestration to go
hand in hand the only option will be to plant trees that
have the potential to grow rapidly.

The next consideration will be to develop technologies
that will promote rapid growth. The Eucalyptus
camaldulensis in this study grows along water courses
where it can root deeply. A problem for much of the trial
area is the presence of a massive siliceous layer
(hardpan’) at soil depths varying from a few centimetres
Lo one metre, and varying in thickness from 10 to 100cm.
This limits root penetration, and, therefore, limits the
moisture available to plants. In the root washing exercise
it was noted that the majority of plant roots did not
penetrate the hardpan. In places ‘sink holes’ were found
in the hardpan, and plant roots grew towards and into
these holes, which afforded the roots and plants
additional soil moisture. Trials are needed to study the
effect on the growth of selected tree species that would
result from mechanically breaking through or fracturing
the hardpan layer.

The species of vegetation which are the subjects of this
paper are well adapted to survival in times of low rainfall
and very low soil moisture. Yet some species also have
the ability to grow rapidly when moisture is available. E.
camaldulensis has been observed to germinate and grow
rapidly when soil moisture is plentiful, as was the case

following heavy cyclonic rain in 1995. The growth

149

potential of this species is higher than the data would
suggest. The long term growth rates that we have
calculated in this paper are a resultant of periods of rapid
growth followed by periods of slow growth in dry times.

Growth rates can be promoted by increasing soil
moisture availability by harvesting runoff water. The
biomass totals in Table 3 give a clear indication of the
benefit of additional water. Sites 1,2 and 7 receive
additional moisture by virtue of their position in the
landscape. The biomass production from each of these
sites is at least twice the biomass of sites 3, 4, 5, and 6.

Systems for ponding runoff water have been in use in
the region for a number of years (e.g. LAU 1993; ADDISON
et al., 1997). At Sturt Meadows Station annual rainfall of
208mm results the biomass of 8.5t DM/ha. When the
saturation period of biomass growth is assumed to be 20
years, the annual biomass growth rate becomes 0.4t
DM/ha/y. The growth rate of 2t DM/ha/y at the annual
rainfall of 200mm is reported (LixTH and WHITTAKER,
1975).

Using this reported value the actual usage rate of the
rainfall for the biomass production is calculated to be
20%. It means the rate of biomass production can be
increased by 5 times by improving the havesting method
of run off water and soil structure.

Water ponding has the additional benefits of
controlling erosive runoff, and aiding in the leaching of
salt, particularly sodium salts (MINCHIN, 1995). Field
tests of growing trees with harvested runoff water in arid
environments are needed to indicate the full carbon
sequestering potential of tree species adapted to arid
environments.

Through new research, incorporating the careful
choice of species, soil-structure improvement,
appropriate land preparation, water harvesting,
application of biotechnology, and regional climate control
it might be possible to reach the production per hectare
that underpins the bold estimate and target set for us
(KoJiMA et al., 1995). This target set could lead a
possibility of carbon sequestration of 4 billion t-C in arid
land of Western Australia with the annual rainfall less
than 300mm.
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5. Conclusion

Afforestation in arid land was considered as a measure
to reduce atmospheric carbon dioxide.

Biomass and sequestered carbon were measured in an
arid land in Western Australia, where the annual rainfall
was 208mm.

Primary observation results indicated that above
ground biomass and sequestered carbon per hectare
were 8.5t DM and 4.1t-C, respectively. These values
were increased by 28% by including roots.

The sequestered carbon might be increased to 5~20
times by incorporating the careful choice of species, soil-
structure improvement, appropriate land preparation,
water harvesting, application of biotechnology, and
regional climate control.
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Environmental Changes Deduced from Satellite Data in Arid Regions
— A Case Study in the Lower Reaches of the Hotan and Yarkant Rivers, China—

Muhtar QoNG* and Tamotsu IGARASHI*

Two scenes of Landsat MSS (acquired in 1973 and 1977) and three scenes of JERS-1 OPS
images (acquired in 1992, 1993, and 1995, including one scene of SAR data) were used for land
cover change detection analysis. Among various transformations such as Normalized Difference
Vegetation Index (NDVI: RoUsE et al., 1973), Perpendicular Vegetation Index (PVI: RICHARDSON
and WEIGAND, 1977), and Soil-Adjusted Vegetation Index (SAVI: HUETE, 1988), SAVI has been used
for land cover change detection analysis with relation to vegetation coverage. For this analysis,
image interpretations involving co-registration, radiometric normalization, statistical normalization,
image differencing, density slice, and color display have been carried out.

In general, radiometric normalization is necessary when multitemporal data from different
sensors are used in the change detection analysis. In order (o compensate for differences in the
calibration of different sensors, Landsat MSS and JERS-1 OPS data are radiometrically calibrated
and converted to radiance values using the specific sensor’s gain and offsets. However, even when
each image was radiometrically normalized prior to image processing (for example calculation of
SAVI), some invariant targets, particularly between different sensors, show relatively large
differences in the range of Digital Numbers (DN). In order to eliminate this undesirable effect,
statistical normalization (an image-to-image normalization method) was carried out. As a result,
the DN values in the several (invariant targets such as clean water, bare land and dense
vegetation) on both images were made equal, and the images became more alike.

Finally, difference images were generated by subtracting one SAVI image from another. From
the histogram of difference images, we found that unchanged pixels were centered around the
mode, and the changed pixels were located in the tail regions on either side. Consequently, all
pixel values within mode (near the mode) are assumed to be unchanged pixels, while tail regions
on either side contain information about the positive (gain) and negative (loss) changed pixels.
The area in the Tarim Basin, China, where three large rivers join, was selected for the study area.

Key Words: Change detection, Radiometric normalization, Statistical normalization, SAVI,
Image differencing, Density slice

1. Introduction

Land degradation is often considered to be a serious
global environmental problem, especially in arid and
semi-arid regions. According to a UNEP assessment,
about 3,600 million ha, or 70% of the 5,200 million ha of

drylands used worldwide for agriculture, are already

degraded (KADOMURA, 1997). According to the United
Nations Conference on Environment and Development
(UNCED), Rio de Janeiro, Brazil, June 1992, the latest
definition of the desertification (land degradation) means
land degradation in arid, semi-arid, dry sub-humid areas
resulting from various factors, including climate
variations and human activities (UNEP, 1996). However,
it would appear at present that land degradation including

* Earth Observation Research Center (EORC), National Space Development Agency of Japan (NASDA). 1-99, Roppongi, Minato-ku,

Tokyo 106-0032, Japan.

(Received, November 4, 1998; Accepted, March 10, 1999)
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land cover changes are caused by either natural or
anthropogenic factors.

In this paper, we use remote sensing techniques to
monitor the development of land cover changes in arid
and semi-arid regions. With the availability of Landsat
satellite data collected since 1972, numerous studies
(e.g., TsucHIYA and OGURO, 1996; FRIHY ef al., 1998;
WASHINGTON-ALLEN et al., 1998; SUNAR, 1998; MILLER ef
al., 1998; PrakasH and GuPTA, 1998) have estimated the
variation of the land cover types and land cover changes.
We can use remotely sensed data for land cover change
studies, particularly in fragile ecological systems such as
arid and semi-arid regions, and obtain information on
land degradation. Land cover change detection has been
a major application of collected satellite data since 1972.
This involves the use of data collected on different dates
to discriminate areas of land cover changes between
dates of data acquisition. Moreover, studies of land cover
changes by conventional methods are very time
consuming and expensive, and field investigation may be
tedious in some areas (PrakasH and GUPTA, 1998).

Numerous studies of land degradation were limited to
statistical descriptions only. However, we can use
remotely sensed data in land degradation studies to
obtain quantitative data. If remote sensing techniques
are applied to map and monitor vegetation cover
changes, various land use classes, composition and status
of vegetation, and time-sequential changes in land use
patterns in the area of interest will be identified. This
information, when supplemented with data obtained from
field investigations and previous reports, provides the
most useful quantitative data for land cover changes. For
example, MILLER ef al. (1998) used multitemporal data of
Landsat MSS to characterize land cover types, land cover
changes, and landscape patterns in the Northern Forest
Region of Vermont. QonG (1998) used multitemporal
JERS-1 SAR data to recognize and distinguish dense
forests, forests, sparse forests, shrub lands and bare
lands in arid regions of China. However, due to the
development of satellite imagery, many new scientific
findings on the environment have emerged(e.g., IGARASHI,
1997). Satellite data thus provides a wealth of informa-
tion that is not available from other data sources.

The objective of this study is to document land cover
changes which have occurred in the lower reaches of the

Hotan and Yarkant Rivers over 22 years (between 1973
and 1995). The detected land cover changes include
areas of land cover changes, such as an increase of
mobile dunes and decrease of fixed and semi-fixed dunes;
drying up of the rivers and lakes; and variations of salt-
affected areas. In all of the cases above, the extent of
changes in the vegetation cover and ground water level
plays an important role. There are many transformations,
for example, Perpendicular Vegetation Index (PVI)
(RicHARDSON and WIEGAND, 1977), Soil-Adjusted
Vegetation Index (SAVI: HueTE, 1988), and Normalized
Difference Vegetation Index (NDVI: Rousk et al., 1973)
that have been used to exploit information on vegetation
coverage. In our study, we found the Soil-Adjusted
Vegetation Index to be appropriate for generating useful
(land

information on environmental changes

degradation).

2. Study Area

In order to detect land cover changes with multidate
data sets and to make a comparative assessment, a test
site with an area of about 82.4 km by 76.8 km (a rectangu-
lar area of 1,030 pixels by 960 pixels), was selected. The
area is drained by the Aksu River, Hotan River and
Yarkant River. Owing to the joint location of the three
large rivers in the Tarim Basin, the surface drainage is
very amenable to agricultural activities in the site, and the
famous Tarim River north of the Tarim Basin starts here
(Fig. 1).

The Aksu River, the Yarkant River and the Hotan River
originate from melted water of glaciers in the Tianshan
Mountains, Pamir Plateau and Kunlun Mountains,
respectively. The river discharges are mainly concentrat-
ed in the spring and summer seasons, which account for
60 % to 70% of the annual discharge. Floods sometimes
occur during the snow melt seasons, resulting in flooding
and alluvial deposition in the study area’s lower-lying
areas (QONG, 1998).

The Tarim River is located on the foreland plain of the
Tianshan Mountains. The annual discharge of this river
is composed of 72.0% from the Aksu River, 22.5% from the
Hotan River and 5.5% from the Yarkant River (WANG,
1991). However, the annual discharge is relatively stable

and makes up the main part of the water resources. As



155

River
"—\_,_/“‘0030'

Reservoir B

J
ervoirs

Legend

Fig.8 —.

¢
%

3

TR,
o
}\ [,
bl
=
a8

Study arca

®

i 0 25 s0 km

E|

Fig. 1. Location of the study area in the Taklimakan Desert.
A, B, C, and D indicate the corresponding places in Fig. 2 image (a). (Modified from ZeNG, 1985).

such, it plays an important role in maintaining the
ecological environment in the north part of the Tarim
Basin. The study site is located where the above three
rivers join.

The mean annual precipitation, temperature and
evapotranspiration from the Aksu, Awat and Aral weather
stations, which are close to the study area, are shown in
Table 1. The precipitation is mainly concentrated
between June and September and is very favorable for
the growth of vegetation. There are abundant ground
water resources along the river in the alluvial plain areas,
where shallow ground water is richer and springs are
concentrated.

The site contains a wide range of land cover types, and
it has changed over several decades. The Shangyou
Reservoir, located in the north, is a source of irrigation
water for the farmlands. About 20 years ago, the Yarkant

River was one of the water sources of the reservoir, but at
present the lower reaches of the Yarkant River have
shrunk near the reservoir. The reservoir water is mainly
supplied from the Aksu and Hotan Rivers.

The vegetation communities of the study area are
mainly divided into the following vegetation types: (1)
natural forest (dense and sparse forest), mainly domi-
nated by Populus euphratica and Populus pruinosa,
distributed along the river banks and alluvial plain; (2)
oases (including farmland); (3) steppe, mainly dominated
by Phragmites communis, Poacynum hendersonii and
Alhagi sparsifolia; (4) shrub land (fixed and semi-fixed
sand dune), mainly dominated by Tamarix ssp. and
Halimodendron halodendron; and (5) bare land (including
heavily salt-affected areas and mobile dune areas) (MuIT,
1997; QoNG and TAKAMURA, 1997; QONG, 1998).

Table 1. Meteorological data at selected stations near the site. (modified from WANG, 1991)

Place  Annual January July Annual Annual Altitude Longitude Latitude
temperature  temperature  temprature  precipitatation  evaporation (m) (E°') (N°")
(€) ©) (C) (mm) (mm)
Shayar 10.5 -9.0 243 37.0 2,006.7 980 82 47 41 13
Aksu 9.8 -9.4 25.0 63.0 1,890.1 1,130 80 15 41 10
Awat 10.5 -8.3 24.2 46.7 1,887.0 1,067 80 24 40 38
Aral 10.7 -9.2 26.1 428 2,044.6 1,040 81 14 40 30




3. Data Used

Landsat MSS data and JERS-1 OPS/SAR data were
used in this study in order to maintain a consistent data
set for the 22-year period and to minimize the data costs
for regional and multi-temporal studies. Landsat MSS
data employed in this study were acquired in 1973 and
1977, and JERS-1 OPS/SAR data were acquired in 1992,

1993, and 1995 (Fig. 2). In addition to image data sets,
some field investigation data from previous investigators
who performed two field investigations in the study area
in 1991 and 1993 were provided. Images were selected
for the data available between July and September in the
growing season of the study area. These data sets were
selected based on data quality and minimum cloud

coverage (Table 2).

Fig. 2. False color composite images of the study area,

(a) Landsat MSS image of 16 September 1973, (b) Landsat MSS image of 12 July 1977 (bands 7,
5, 4 shown in RGB for MSS), (c) JERS-1 OPS image of 19 September 1993 and (d) JERS-1 OPS
image of 24 August 1995 (bands 3, 2, 1 shown in RGB for OPS).

A, B, C and D indicate the corresponding places in the each image. Red represents highly
vegetated areas black and blue areas represent water, and white and light yellow areas
represent salinized or bare lands including dunes (the strong white tones represent clouds on
the northeastern part of the image (d)). The area within the box on image (c) corresponds to

Fig. 8.



Table 2. Satellite data used in the study.

Scnsor
LANDSAT-1 MSS 16-09-1973
LANDSAT-2 MSS 12-07-1977
JERS-1 OPS 19-09-1993
JERS-1 OPS 24-08-1995
JERS-1 SAR 28-07-1993

Acquisition datc Path Row _ Sun clcvation angle

157 32 46.70
157 32 55.11
175 233 49.00
175 233 58.00
175 233 -

4. Methods

1) Image registration

Data processing was performed using ERDAS imagine
software on an HP workstation. All the image data were
registered to 1973 Bulk and System corrected Landsat
MSS image data through an image-to-image registration
algorithm using a second polynomial transform to a
subpixel (within 0.4 pixel RMS error) accuracy with over
40 tie points. Finally, a common subarea of 1,030 pixels
by 960 pixels (nearly 82.4 km by 76.8 km) was extracted
from the data sets for further analysis.

2) Radiometric normalization

Radiometric normalization is very important when
multitemporal data from different satellites are used in an
analysis. In the present study, the Landsat MSS and the
JERS-1 OPS data are radiometrically calibrated and
converted to radiance values using specific sensor gains
and offsets, in order to compensate for differences in the
calibration of different sensors (MARKHAM and BARKER,
1987; HiLL and SurM, 1991; SHIMADA, 1993; BrIAN and
BAKER, 1987). For Landsat MSS data, the absolute
radiance at the satellite L. (mWem ™« sr™! oym™') was then

calculated from the DN values of image data using the

following equation:
_ ﬁ’max - Aznin (1)
1= (Fon o\ o+ Ry,

where, DN is the digital number of MSS data, and Rumin
and Ruax (mWem 2+ sr! e m™!) are the upper and lower
limits of radiance for the MSS sensor (Table 3).

The equation for converting JERS-1 OPS DN to input
radiance Q is

- A
V=DN—%

+85 2

where, DN is the eight-bit, integer-type digital number in
OPS products; A’, the conversion coefficient, A, the
absolute calibration coefficient, aznd B (mWem2-sr!+
u m'Y), the offset (Table 4: SHIMADA, 1993).

In addition, speckle noise in JERS-1 SAR images was
reduced prior to image processing. The original image
was filtered with the Gamma-Gamma Map filter with a 7-
by-7 adaplive window.

3) Image processing
In this study, four image data sets are found to be

particularly well suited for land degradation study as the

Table 3. Conversion coefficients for converting Landsat MSS DN to radiance.

Sensor Acquisition datc Gain* Offset* Band
LANDSAT-1 MSS 19-09-1973 0.972349 0.000000 4
0.784314 0.000000 5
0.690196 0.000000 6
0.522874 0.000000 7
LANDSAT-2 MSS 12-07-1977 0.999900 8.000000 4
0.666667 6.000000 5
0.572549 6.000000 6
0.449673 3.666670 7

*These data are recorded on the .wo (extension) file in the CD-ROM of

Landsat MSS data.
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Table 4. Coefficients for converting JERS-1 OPS DN to radiance.
(modified from SHIMADA and NaKal, 1993).

Sensor Acquisition Normal gain Band
date A B
JERS-1 OP  19-09-1993 0.7099  1.1460 -0.6928 1
09200 1.1840 -4.4450 2
09597 11760 -4.0660 3
JERS-1 OP  24-08-1995 0.7099 1.1460 -0.6928 1
0.9200 1.1840 -4.4450 2
09597 1.1760 -4.0660 3

study area is morphologically plain and the solar
elevation angle is similar for these images. The images
were acquired in nearly the same season (from mid July
to mid September) and under similar atmospheric
conditions (clear) on the acquisition dates. Therefore,
atmospheric correction was not performed prior to image
processing, and the DN values were converted to
radiance values.

According to Pickur (1989) and BEHNKE and SCOONES
(1994), land degradation can be quantified in terms of (1)
soil loss; (2) loss of soil quality, e.g., nutrient loss and/or
soil compaction; (3) a decline in vegetation (forage)
production; or (4) a change in vegetation species compo-
sition contrary to management goals (WASHINGTON-ALLEN
et al., 1998). Therefore, in this study we focus on the
changes in land cover types from 1973-1995 using SAVI
as an index for land cover changes. SAVI is a normalized
ratio of near-infrared (NIR) and red (RED) radiance of
sensors and has been related to an arid area’s vegetation

coverage. SAVI is given as:

NIR- RED

SAVI = 3 RED- I

(1+1) 3

for vegetation with intermediate density; the adjustment
is obtained for L=0.5 (ISHIYAMA ef al., 1996). The Landsat
SAVI images were generated using Band-4 (NIR) and
Band 2 (RED). The JERS-1 OPS SAVI images were
generated using Band-3 (NIR) and Band-2 (RED) (Fig. 3).

5. Change Detection

1) Statistical normalization

As mentioned above, images used in this study are
composites of two OPS images and two MSS images.
MSS has four channels and OPS has three channels in

the visible and infrared ranges. Therefore, even if each
image were radiometrically normalized prior to image
processing (for example calculation of SAVI), some
invariant targets, particularly between different sensors,
would differ in the range of DN values. For example, the
difference in SAVI values derived from different sensor is
larger than the difference in SAVI values derived from
the same sensor. Since the differences in SAVI values for
the same invariant target are very small, they can be
neglected for data from the same sensor, but not for data
from different sensors. Therefore, in our study the SAVI
images of 1977 and 1973 are assumed to be well suited
for image difference analysis as the data were acquired
with the same sensor (MSS). In contrast, SAVI image
pairs of 1995 and 1977, 1995 and 1973, and 1993 and 1977
are not well suited for image differencing as the data
were acquired with different sensors (even through
radiometrically normalized prior to image differencing).
To remove the difference of SAVI values in the same
invariant target between different sensors, we used
statistical normalization methods. For example, for
SAVI93 (SAVI image derived from image of 1993) and
SAVI77, the SAVI77 was considered as a reference image
(for example code it as image 1), then the SAVI93 was
considered as the image to be normalized (image 2). To
maltch the SAVI values of several representative invariant
targets in image 2 (images to be normalized) to image 1
(reference images), linear transformation was applied to
all the SAVI images.

The main objective of the statistical normalization
procedure is to have the DN value of each selected
invariant target in image 2 match that of the correspond-
ing invariant target in the reference image, provided that
the surface type represented by the invariant target did
not change. The procedure involves the following steps:



Fig. 3. Time series images of the study area.

(a) SAVIT3, (b) SAVITT, (¢) SAVIYS, (d) SAVIYS. Bright areas represent highly vegetated areas
including farmlands, and dark areas represent water or lowly vegelated areas including bare
land and mobile dunes. Note that there were significant changes in land surface including water
area and vegetation coverage during the period of 1973-1995 (note the places labeled A, B, and
Cin image (a) and the corresponding places on the other images).

(1) The linear correlation coefficients between the
SAVI values of selected invariant targets in two
images were calculated.

(2) The linear regression equation between the SAV]
values of selected invariant targets was then comput-
ed (Fig. 4). The agreement between the two images
(reference image and image to be normalized) was
very good.

(3) Images to be normalized were transformed on a
pixel-by-pixel basis using the regression equation
obtained in step (2).

(4) This procedure was carried out belween images
acquired by different sensors only.

As a result, the DN values in the several {eight invari-

ant targets including clean water, bare land and dense
vegetation) invariant targets on both images were made
equal, and the images to be difference processed became

more alike.

2) Image differencing

For the time series changes in land cover types,
particularly in vegetation coverage, an image differencing
method was adopted for pixel-by-pixel comparison of the
changes that have taken place between image acquisition
periods (between 1973 and 1995). As mentioned above,
for four image data sets, which include two MSS images
and two OPS images, it was possible to generate 12
different image differencing combinations. Since the
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Fig. 1. Linear regression models between SAVI images.
a) SAVI73 vs SAVI77, b) SAVI93 vs SAVI77,
) SAVI95 vs SAVIT7 and d) SAVI73 vs SAVI95.

objective of this study was to clarify the dynamics of
vegetation coverage between 1973 and 1995, only four
effective SAVI difference images were generated from
interannual image data sets. Four combinations of image
differencing products were thus used to detect change
between these difference images at intervals of 4 (1977-
1973), 16 (1993-1977), 18 (1995-1977) and 22 years (1995-
1973), where image differencing was calculated as:

LATER IMAGE — FORMER IMAGE+10  (4)

where, 10 is a constant to remove negative values.
Subsequently, four SAVI difference images were
generated by subtracting the former images from the
later images (Fig. 5).

6. Results and Discussion
In many remote sensing applications, change detection

analysis has proven suitable for observing land cover
changes and land cover type changes. Based on the

method described above, the land cover change detection
method presented here permits the quantitative analysis
and comparison of transformed image data (SAVI),
obtained from the same or different sensors, at different
image acquisition times. Land cover type changes,
particularly SAVI changes, could thus be estimated for
the study area over the 22-year period between 1973 and
1995. Finally, four maps of SAVI index changes were

produced from the analysis.

1) SAVIimages

Various vegetation indices have been developed based
on discrete RED and NIR bands, for example NDVI, RVI,
and SAVIL. According to ELvipGE and CHEN (1995), the
estimation of some vegetation indices and percent green
cover based on vegetation indices can be highly
inaccurate in broad-band data sets of regions having
discontinuous plant canopies and spectral variations in
background rock, soil, and litter materials. The back-
ground effects are most pronounced in NDVI and RVIL
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Fig. 5. Comparison of SAVI difference images of the study area.

(a) SAVITT-SAVIT3, (b) SAVIOZ-SAVITT, (¢) SAVIOS-SAVITT and (d) SAVISSF-SAVITS.

White represents positive changes, and black represents negative changes as derived by image
differentiation between SAVI images. Gray represents no changes or least changes. Note that
the places labeled A, B, and € in image (a) changed significantly during the period of 1973-1995
(note corresponding places with A, B, C on the other images).

Background effects can be reduced using the TSAVI,
PVI, and SAVI vegetation indices. In this study, we used
SAVI as a vegetation index in the study area to overcome
the above described soil background effects (ISHIYAMA ef
al., 1996).

The vegetation coverage was estimated from equation
(3). In the resultant SAVI images (Fig. 3), highly
vegetated areas such as dense forests, farmlands and
oases areas appear in bright tones, The relatively poorly
vegetated areas, including fixed, semi-fixed, and mobile
dune arcas, appear in gray tone. Water areas exhibit
different characteristics due to differing depths and
clearness of the water. Clear and deep water such as

reservoirs, rivers and lakes in the study area are dark in
the SAVI images. Some wel areas after floods appear in
gray tones. However, the range of SAVI values in the

four images is different.

2) Image differencing

The image differencing procedure was performed on a
pair of SAVI images of the same area using formula (4).
Generally, the early image was subtracted from the later
image. The resultant SAVI images do not include
negative SAVI values since a constant (10) was added
during the image differencing. Additionally, some of the
simple statistics and histogram data plots which were
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extracted from images are depicted in Fig. 6.

According to PrakAsH and GupTA (1998), when the
difference image is Gaussian in nature, unchanged pixels
are centered around the mean while the tail regions on
either side of the histogram contain information about
the changed area. In this study, however, we focus on
the properties of the histogram of the difference images,
the widths of the two tail regions of the histogram are
quite different (Table 5). Misregistration is a major
problem in image differencing because it may generate
artifact changes during the change detection procedure.
This problem can be addressed by statistical methods.
According to SINGH (1989) and WASHINGTON-ALLEN et al.
(1998), the standard deviation of a difference image
establishes a threshold level at which changes were
deduced (SiNGH, 1989). Singh recommended a threshold
level of + & (standard deviation) to contain any misregis-
tration (around the mean value). For image differencing,
unchanged pixel values should be equal to 0 in theory (in
this study they should be equal to 10). In fact, however,
most of the unchanged pixel values did not equal zero
(10) due to misregistration of the image as well as
atmospheric and sensor variations. From Table 5, it can
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Table 5. Statistics of the difference SAVI images.

Image differcnce  Mcan  Medi Modc Standard deviation
SAVI77-SAVI73 9.99 9.99 9.99 0.11
SAVIY93-SAVI77  10.07 1002 10.00 0.16
SAVI95-SAVI77  10.11  10.02 9.99 0.23
SAVI95-SAVI7T3 1006  10.01 9.99 0.14

be seen that the mode of each image histogram is most
coincident with 10 (than other values such as the mean),
which equals the value of unchanged pixels in theory (10
in this study). Therefore, we found that the unchanged
pixels were centered near the mode, while tail regions on
either side retain information about the changed pixels
(Fig. 6).

In this study, we realized that the threshold level range
of = § (around the mean value) is not ideal for accounting
for the misregistration. When we use a threshold range
of, + § many substantially changed pixels are categorized
as unchanged pixels, therefore some artifact categoriza-
tion of pixels was generated. As mentioned above, since
many unchanged pixels are centered around the mode,
we used the mode + § threshold level of each difference
image instead of the mean + § threshold level. All pixel
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Fig. 6. Relations between mean and mode of the histograms.



values within mode : § (near the mode) are thus
assumed to be unchanged pixels, and tail regions on
either side are assumed to contain information about the
positive (gain) and negative (loss) changed pixels. The
difference images are shown in Fig. 7.

3) Density sliced images

The difference images were density sliced and color
coded using the above threshold selection method to
distinguish unchanged pixels from changed pixels. The
threshold boundary between changed pixels and
unchanged pixels is determined according to the
following rules:

Mode = o =DN value of SAVI difference image
unchanged pixels

Mode + o < DN value of SAVI difference image
positively changed pixels (gain)

Mode — ¢ > DN value of SAVI difference image
negatively changed pixels (loss)

In this study, we used one-standard-deviation density
slice SAVI difference images as resultant images. The
positive changes in the difference images denoted that
the SAVI values of the former image were larger than the
later one. Similarly, the negative values denoted that the
SAVI values of the former image were smaller than the
later one. Positive changes that represent an increase in
vegetation cover between the two image acquisition
periods (e.g., acquisition time of each image). Negative
changes represent a decrease in vegetation cover or an
increase in lower SAVI values, such as bare land, water
area, salt accumulation (including salinization), and
mobile dunes (Fig. 7). The resultant images indicated
that significant land cover changes have occurred
between 1977 and 1973 (Fig. 7 (a)). However, the
difference in vegetation coverage (SAVI) from 1973 to
1977 and from 1995 to 1973 suggested that natural
vegetation has decreased in the image acquisition
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periods. Additionally, Fig. 7 (a) and (d) images suggest
that the lower reaches of the Yarkant River (including
some small lakes and ponds) have dried up markedly
over 4- and 22-year intervals (Table 6).

4) Causes of land degradation

The relationship between the distribution of rivers and
the location of oases is very important. Generally, rivers
exist where oases exist in the desert areas. In the Tarim
Basin agriculture, grazing and many other kinds of
production activities are all linked with the limited
volume of river water (QONG, 1997).

It can be seen that the discharge of the Yarkant River,
which flowed to the lower reaches, decreased sharply
from 1973 to 1977 (Fig. 2 (a) and (b)). As a result, the
discharge of the Yarkant River entering the Tarim River
was almost cut off in 1977, and the water area of the
reservoir was reduced because of the water supply
shortage (Fig. 2 B in image (a) and corresponding places
in other images). In the study area, the river discharge is
mainly concentrated in the spring and summer seasons
and accounts for 60% to 70% of the annual discharge.
Sometimes floods occur during the snowbreak season.
However, the annual discharge is relatively stable. It
makes up the main part of the water resources and plays
an important role in maintaining the ecological
environment in the study area. There are many lakes in
and around this site. These lakes (including reservoirs)
are important surface water resources. In particular,
fresh water lakes can be used as irrigation water for
agriculture. Additionally, some river water infiltrates into
the groundwater along the channels. The river water
leakage thus plays adjustment and supply roles in
supplementing groundwater along the river channels.
However, the lower reaches of the Yarkant River,
especially in and around the study area, have almost
dried up. Consequently, vegetation coverage character-

Table 6. Land cover changes in the study area during 1973-1995.

Image Total area No change arca Positive change area  Negative change area
difference km' km' % km' % km' %
SAVI77-SAVIT3 6,328 5,536 87.5 446 70 346 55 -
SAVI93-SAVI7?7 6,328 5,232 83.0 967 15.0 129 20
SAVI9S-SAVI?T 6,328 5,116 81.0 1,169 184 43 0.6
SAVI9S-SAVI73 6,328 5,129 811 1,167 184 31 0.5
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Class Names Unchanged

Loss (negatively changed)
B Gain (positively changed)

Fig. 7. Comparison of density sliced SAVI difference images of the study area.

(a) SAVIT7-SAVIT3, (b) SAVI93-SAVITY, () SAVI9S-SAVITT and (d) SAVI95-SAVIT3.
Note that there were major changes at A and B and corresponding places on the other images.

Fig. 8. Comparison of the JERS-1 OPS and SAR images of the study area.
(a) JERS-1 OPS image of 19 September 1993 (bands 3, 2, 1 shown in RGB), (b) JERS-1 SAR image of 28 July 1993. Note
that a buried channel, not discernible on JERS-1 OPS, is shown by JERS-1 SAR image in the area within the boxes. The
intensely bright area on the south of the SAR image is a district of strongly salinized area, a powerful reflector of radar
energy. Dark areas represent zones where the radar signal was mainly scattered or absorbed.



istics will change due to the lowering of the groundwater
level, since most of the vegetation is composed of
phreatophytes in the study area. In Fig. 2, accumulated-
salt areas in the lower middle part of the images appear
in different tones in different images. In particular, the
salt accumulation appears dark gray in images except in
1993 where it appears in bright tones. By comparing
these four images, we can see that the river discharge
(the Hotan River flowing from south to north on the right
of the images) during the image acquisition period in
1993 is less than in other years. These phenomena
decreased the ground water supplement, and lowered the
ground water level in the accumulated-salt area. As a
result, the land surface became drier during this period
than in other periods and appears in bright tones.

The above land cover changes were derived from SAVI
only, but many substantially land cover changes have
occurred, particularly in poorly vegetated areas such as
semi-mobile and mobile dune areas, in the study area
between 1973 and 1995. For example, some mobile sand
dunes invaded the wadi and filled old channels with sand.
This kind of underground information will be obtained
when we use the Synthetic Aperture Radar (SAR) images
especially in arid areas (Fig. 8). In this figure, old
channels that are already buried under the sand appear a
darker gray than the other areas, and we cannot
distinguish corresponding objectives (those buried
channels in the SAR image) in the optical sensor images

of the same area.

7. Summary

Four optical sensor images and one SAR image were
used in the land cover change detection analysis in this
study. The following section summarizes this study.

(1) Important components in change detection are
radiometric calibration and image correction (KWARTENG
and CHAVEZ, 1998). In this study, we conducted statistical
normalization using the calibration coefficients of each
data set prior to image differencing (radiometric normal-
ization was performed prior to statistical normalization)
in order to perform image differencing between images
acquired from different sensors. Consequently, the DN
values of several invariant targets (clean water, bare land
and dense vegetation) on both images were made equal
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and became more alike. To account for uncertainties in
change detection analysis, especially between different
sensors, we conducted statistical (image-to-image)
normalization.

(2) When we use * § around the mean value, as recom-
mended by WASHINGTON-ALLEN ef al. (1998), PRAKASH and
Guprra (1998) and others, many substantially changed
pixels are categorized as unchanged pixels, resulting in
some artifact categorization of pixels. In this study, we
realized that since many unchanged pixels were centered
around the mode (in the histogram of the SAVI differ-
ence images), we should used the mode * § threshold
level of each difference image. All pixel values within the
mode ¢+ & range (near the mode) are thus assumed to be
unchanged pixels, while tail regions on either side are
assumed to contain information about the positively
(gain) and negatively (loss) changed pixels.

(3) Our study provides estimates of land cover changes
(land degradation) in the study area. The rates of land
cover changes were larger between the 1977-1973 image
and the 1995-1973 image than between the 1993-1977
image and the 1995-1977 image, and the land degradation
was concentrated in the periphery of oases, along the
river channels, and in poorly vegetated areas. The above
changes were related to vegetation coverage and were
derived from SAVI difference images. In addition, we
could detect some land cover (surface) changes such as
sand invasion using SAR images.
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Table 1. Experimental conditions for saturated infiltration
measurement.

Item Conditions
Size of plantation area 6m w X 43m 1 X 0.5m d
Quantity of irrigation water L4m'/h in average
Flux 0.21 ~ 175 Lss
Time of irrigation 7.0h
Particle size of sand 0.125 ~ 0.25mm
Void fraction A 0.45 for sand
Hydraulic conductivity, k 1.5 X 10" m/s for sand

Initial water level Ho 0.Im

Water level 11 (1=0) 0.5m

Depth h (length=0) 0.5m
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Table 3. Relation between irrigation water and salinity.

Item

Values

Quantity of irrigation, gi
Inlet salt concentration, Ci
Outlet salt concentration, Co

9.5m’/h In casc of Seawater 3%
In case of Saline water 1.5%
Salt concentration of upper limit for Halophytes, 5%
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Analysis and Experiment of Lateral Flow in Saturated Sand for Halophytes Plantation

Tsuyoshi MATsuMoTo*, Toshinori KojiMA* and Hiroaki WAKABAYASHI**

Global scale desertification problems are still aggravating. In case of large desert greening, excess irrigation often
causes salt accumulation in the top soil layer, some years after the start of irrigation. Water level is raised by capillary
action under high evaporation rate condition in desert. Ideas of greening desert by Halophytes (Salt tolerant plants)
have so far been presented. Halophytes are characteristic plants that grow using seawater or saline water. They can be
used for alternative biomass fuel, animal fodder, food, soil fertility improvement, and CO fixation.

This paper describes the design method of irrigation of Halophytes using saline water. In the layer of the
conglomerate, water horizontal infiltration behavior through saturated soils is essential for designing of Halophytes
plantation.

Using a horizontal infiltration model, the necessary quantity of irrigation water and relation between irrigation water
and salt concentration are discussed.

Experiments were also conducted using a Halophytes plantation site established in Ishikawa, Japan. In the present
experiments, we measured the time variation of water level in the plantation area during irrigation.

The results well agreed with the model prediction. It was confirmed that these model can be applied to horizontal
infiltration, and can be used to estimate the quality of drainage.

Transient flow analysis was also made for the water flow for a plot scale field with its length of 70m. It was estimated
that 33 hours are required for water to reach the end. It was also found that the evaporation rate should be limited to
3.8m®/h to keep the salt concentrate less than 5% which is the upper limit of Halophytes plantation.

Key Words: Desertification, Halophytes, Irrigation, Transient flow, Drainage
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Life-cycle Evaluation of Solar Home System
and Small Engine System in Rural Areas

Kazuhiko Kato* , Hiroshi FUKUNAGA* and Koichi YAMADA**

Photovoltaic (PV) power generation system is an almost maintenance and fuel free technology,

and independent of efficiency on system capacity. These advantages of the PV system suggests an
application for rural areas isolated far from utility grid, which is called the “Solar Home System”.
The Solar Home System consists of small capacity of PV modules (50-200W) and standard car

batteries.

In this paper, energy-effectiveness, environmental impact and economics of the Solar Home
System were discussed from a life cycle viewpoint. Comparing it with a small engine generator
that is often used in that area, we evaluated the Solar Home System using three kinds of life-cycle
indicators, that is, “energy payback time”, “CO2 emission payback time” and “cost payback time”.
The result suggested that the SHS was an attractive energy source even with the existing
technologies and could be much better in the future.

Key Words: Photovoltaic solar cell, Solar Home System, Life-cycle assessment

1. Introduction

Recently the interest in the global warming is growing
in the world and a great deal of CO-, which is one of major
greenhouse gases, is released from energy use. In Japan
various efforts are being made to reduce CO» emissions
and photovoltaic (PV) power generation system is expect-
ed to be a candidate for a sustainable energy source.

As the PV system requires considerable energy to be
manufactured, however, the life cycle of the PV system
must be taken into consideration so as to understand its
net CO2 mitigation potential. For this purpose authors
previously carried out the life cycle assessment (LCA) for
residential rooftop PV systems installed in Japan
(KOMIYAMA ef al., 1995). The result clarified that the PV
system had a high potential for CO: reduction though the

generation cost was not as cheap as electricity charge in
the residential sector.

On the other hand the PV technology has other
advantages: almost maintenance and fuel free operation,
and independence of efficiency on system capacity.
These advantages suggest a variety of applications; one of
the applications is a PV system for rural areas isolated far
from utility grid, which is called the “Solar Home System
(SHS)". In this area, candles, oil lanterns, batteries and
small generators are currently used for lighting, radio
and TV at night. The SHS consists of small capacity of
PV modules (50-200W) and standard car batteries.
Electric power generaled by the PV modules in the
daytime can be stored into the batteries and supplied to
the household appliances at night.

In this paper, we evaluated the SHS from a lifecycle
viewpoint by comparing with the small generator.

* Department of Chemical System Engineering, Graduate School of Engineering, The University of Tokyo. 7-3-1, Hongo, Bunkyo-ku,

Tokyo 113-8656, Japan.

** Department of Fine Materials Engineering, Shinsyu University. 3-5-1, Tokida, Ueda, Nagano 386- 8567, Japan.
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2. Assumptions

1) Installation area

We assumed the SHS was installed in Indonesia.
Indonesia is one of island countries and has a lot of areas
isolated from utility grid. Actually the Indonesian govern-
ment is recently promoting to install a great deal of the
SHS to these areas.

2) System configuration

For the life cycle evaluation of the SHS, we needed to
compare it with other alternative electricity sources,
presuming the same amount of electric power was
supplied to household appliances. In this study, it was
assumed that the SHS would substitute for a small engine
sysiem that is often used in the area isolated from utility
grid. As the power output of the engine generator
available in the present market are not as small as the
SHS for an individual house (50-200W), we supposed the
daily electricity demand that a 350VA-output engine
generator could supply for four hours, or 1.4kWh/day.

(1) Small Engine System

Table 1 shows assumptions for the small engine
system. It was assumed that annual energy output of the
small engine system was 511kWh/year (thermal efficien-
cy=5%), and its lifetime was one year although the annual
operation hours (=1,460hours) were more than the life-
time of the engine generator (about 1,000hours). The
cost of the engine generator supposed 4 X 10* Yen/unit,
considering its market price in Asian developing coun-
tries. In addition, 3% of the initial cost was regarded as

the annual expenses for operation and maintenance.
Annual fuel consumption was approximately 721/ to
generate the annual electric power and 460kg-C of CO2
was released into atmosphere annually. Energy require-
ment to produce the engine generator was neglected.

(2) Solar Home System

As previously described, the SHS consists of small
capacity of PV modules and batteries. Table 2 gives
assumptions for the SHS and the associated LCA data.

1. PV module

In this study polycrystalline silicon (poly-Si) PV
modules were used. We have already carried out LCA
study on the production of the poly-Si PV modules
(KoMIYAMA et al., 1995).

Figure 1 shows the process flow of the poly-Si PV
module production that we evaluated. In our LCA study
on the production of the poly-Si PV module, two kinds of
new production technologies were assumed. One was
the “Direct Reduction Process” that could produce Solar-
grade silicon (SOG-Si) directly from raw silica. The other
was the “Electro-magnetic casting process” that was able
to produce high-quality poly-Si ingots for solar cell. We
estimated energy requirement, CO2 emissions and cost
for the poly-Si PV module production for different
production scales (10MW/year and 1GW/year) and
different production technologies. The latest production
technologies and cell efficiency were supposed when the
annual production scale was 10MW/year, which is nearly
the same as the commercial production scale at present.
On the other hand, the progress in production technolo-
gies and improvement of cell efficiency were assumed

when the annual production scale was 1GW/year. The

Table 1. Assumptions for small engine system.

Power output
Dimensions (LX W X H)
Dry weight

Lifetime

Cost (market price)
Annual O&M rate
Annual energy output

Annual fuel consumption

Annual COz emissions due to fuel consumption

Fuel cost

350VA
0.3m X 0.2m X 0.3m
9kg
1 year
4 X 10* Yen/unit
3.0%/yr.
511kWh./yr. (=1.4kWh/day)
721i1-gasoline/year (=25.4G)/year)
460kg-C/year
30 Yen/tgasoline




Table 2. Assumptions for Solar Home System.
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Annual production scale 10MW/yr. 1GW/yr.
PV module
efficiency % 11.8% 14.2%
dimension (W X L) m 045X1 0.65X 1.3
weight kg/module 6 10
capacity W/module 519 118
lifetime year 20 20
energy requirement for production GJ/module 1.39 1.14
CO: emissions due 1o production kg-C/module 20.8 17.9
production cost (market price) Yen/module 29.8 X 10° 228X 10°
Battery
capacity (at 12V) Ah/unit 50
lifetime year 4
energy requirement for production GJ/unit 0.72
CO; emissions due to production kg-C/unit 13.8
cost (market price) Yen/unit 72X10*
Solar Home System
annual irradiation kWh/m?/yr. 2,050
performance ratio - 0.6
numbers of PV modules modules 8 4
total capacity of PV modules w 415 482
numbers of batteries units 7
total capacity of batteries kWh 4.2
annual O&M rate %/yr. 1
annual energy output kWh/yr. 511 582
lifetime of the PV modules supposed twenty years. ———— Silica
Considering the average irradiation in Indonesia is I
2,055kWh/m?/year (JAPAN WEATHER ASSOCIATION, 1992) 5
and assuming the performance ratio was 0.6, eight PV g [ Extraction/ Pu"ﬁca"on]
B v
modules (=415W) were required to generate annual g High-purity Silica
energy output not less than the small engine generator @B High-purity carbo
when the annual production scale was 10MW/year. In 8 SiO, reduction an-p

the case of 1GW/year four PV modules (=482W) were
required. The exact energy output could be calculated to
be 511kWh/yr and 582kWh/yr, respectively.

2. Battery

A standard lead-acid battery was used, for which
technological and LCA data are also shown in Table 2.
Energy requirement for manufacturing the battery was
based on a literature (AISEMA et al., 1998), and we esti-
mated the life cycle CO2 emissions by supposing the
energy requirement was entirely derived from oil.
Assumed cost is a target of lead-acid battery for the
residential PV system that is now being developed under
a Japanese R&D program on energy technologies. This
cost is in the range of present market price of standard

Carbon removal

[ Directional solidiﬂcatioﬂ

—Jq_

Wafer
production

—3—— poly-Si waffer-

v
SOG-Si

Ingot casting

Wafer slicing

Texture formation

[ pn-junction formation l

AR-coating

[Back surface etching I

Cell processing

I Eleclrodelfonnatjon ]
[
I Performance evaluation I

poly-Si solar cell

Fig. 1. An evaluated process flow of the poly-Si solar cell production.
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car batteries in Japan.

We assumed that a Solar Home System needed seven
batteries to secure three-day demand, or 4.2kWh, and the
battery has four-year lifetime. Since the lifetime of the
batteries was much shorter than the PV modules, they
were regarded as the running component. Furthermore
1% of the initial cost of the SHS was regarded as the

annual expenses for operation and maintenance.
2. Life-cycle Assessment and Indicators

“Life Cycle Assessment (LCA)” is a comprehensive
method to evaluate environmental impacts of products by
analyzing detailed material and energy flow associated
with their life cycle. Other than an environmental issue,
economic and energetic issues are also important for the
realization of PV system.

Therefore we used three kinds of payback time as
evaluation indicators, namely, “Energy Payback Time”,
“CO2 emission Payback Time” and “Cosl Payback Time”.

1) Energy payback time

“Energy Payback Time (EPT)”, which means the
period to recover energy requirement for producing the
PV system by energy avoided by its own electric power
output, is an indicator for evaluating energy-effectiveness
of the PV system. The lower EPT means the higher
energy-effectiveness and its EPT should be lower than its
lifetime. Generally the EPT can be defined by following
equation:
where EPT [year] is energy payback time, Ei, [M]] is
energy requirement for initial installation of the PV
system, E4v [M]/year] is annual energy avoided by
utilizing the PV system, and E,» [M]/year| is annual
energy requirement for operation and maintenance of the
PV system.

If this definition is applied to the SHS, E;, is the energy
requirement for the PV module production. Eavis annual
energy avoided by using the SHS in substitution for the
small generator, that is, annual fuel consumption. And
Fom is energy requirement for the battery production
equivalent to annual operation.

2) CO2 emission payback time

“CO2 emission payback time (CO2PT)” can be obtained
in the same manner as the EPT. The CO2PT represents
the years taken to recover CO: released through the life
cycle of PV system by COz emissions avoided by its own
energy output.

Eq.(2) shows the definition of the CO2/PT.

cos,
oz, - (02, @

om

CP2PT =

where CO2PT [year] is CO2 emission payback time,
C02iy [kg-C] is CO2z emissions due to initial installation of
the PV system, CO24v [kg-C/year] is avoided annual CO2
emissions by utilizing the PV system, and CO2,.» [kg-C/
year] is annual CO2 emissions by the operation and
maintenance of the PV system.

If this definition is applied to the SHS, CO2;, is the CO2
emissions due to the PV module production. CO2sv is
avoided annual CO; emissions by using the SHS in
substitution for the small generator, that is, the annual
CO3 emissions due to fuel consumption. And CO2,, is
CO2 emissions due to the battery production equivalent

to annual operation.

3) Cost payback time
Economic issue is also a significant life-cycle aspect to
discuss feasibility of the SHS and we evaluated this issue
with an indicator, “Cost Payback Time (CPT)”. In this
study, we defined the CPT as the years to recover the
initial installation cost of the PV system, that is,
C

CPT= <l @3

om

where CPT [year] is cost payback time, Cj, [Yen] is initial
installation cost of the PV system, Cayv [Yen/year] is
annual cost saved by utilizing the PV system, and Com
[Yen/year] is the annual expenses for operation and
maintenance of the PV system. Cav and C,, should be
discounted back to the beginning of the life-cycle by
using the interest.

If this definition is applied to the SHS, Ciy is the PV
module cost. Car is annual cost saved by using the SHS
in substitution for the small generator, that is, the annual
cosl of the gasoline generator Cay, ¢ [Yen/year], the
annual fuel cost Cav, et [Yen/year], and the annual



expenses for operation and maintenance of the generator
Car, oM |Yen/year). Com includes the annual cost of the
batteries Com, 5 [Yen/year] and the annual expense for
operation and maintenance of the SHS Coas, sys. There-
fore eq.(2) can be converted to the following equation
with respect to the SHS:

¢,

CPT =
(Cau +Cor e C:zr,all) - (Cauﬁ+ Co,u/_s//s)

@

In this study, the interest of 3%/year was assumed
based on the “soft loan system” that is recently intro-
duced for promotion of renewable energy in developing

countries.
4, Results and Discussion

Based on the assumptions and the definitions as
described above, we estimated energy payback time, CO2
emission payback time and cost payback time of the Solar
Home System in substitution for the small generation
system as shown in Table 3.

1) Energy payback time and CO2 emission payback
time
Very short EPT and CO2PT were estimated as compar-
ed with the lifetime of the PV modules, that is, less than
half a year even if the existing production technologies
and cell efficiency were supposed at the production scale
of 10MW/year. Furthermore they decreased to approxi-

Table 3. Evaluation results of Solar Home System.

Annual production scale 10MW/year 1GW/year
Ein GJ 111 6.2
Ea GJ/year 25.4
Eon GJ/year 1.26

EPT year 0.46 0.26
CO2i, ke-C 166 97
CO240 kg-C/year 460
CO20: kg-C/year 24.2

Cco2prT year 0.38 0.22

Cin 10*Yen 239 117
Carg 10°Yen 383
Car fuel 10°Yen 16.6
Comn 10°Yen 10.8
Con.shs 10°Yen 2.89 1.67
Car.0M 10°Yen 1.5

CPT year 5.6 27
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mately three months when the progress in production
technologies and improvement of cell efficiency would be
realized at the production scale of 1GW/year.

This result was due to low efficiency of the small
generator and suggested that the introduction of the SHS
in isolated areas disconnected to utility grid had a high
possibility 1o use energy more efficiently and reduce CO2

emissions.

2) Cost payback time

CPT was calculated at 5.6 year at the production scale
of 10MW/year, which was also shorter than the lifetime
of the PV modules. This means that the SHS is already
economically feasible even with the PV modules that are
produced by current production technologies at the
present production scale. If the production technology is
advanced and the annual production scale is expanded to
1GW/year in future, it will take only 2.7 years to recover
the initial installation cost of the SHS.

5. Conclusion

In this paper, we discussed energy-effectiveness,
environmental impact and economics of the Solar Home
System introduced in the isolated area far from utility
grid. Three kinds of life-cycle payback times (EPT,
CO2PT and CPT) were estimated based on the com-
parison with the small engine generator. The result
suggested the SHS in the area was a very attractive
energy sources for the life-cycle aspects even with the
existing PV technologies and could be much better in the
future. Therefore the installation of the SHS should be

promoted much more.
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