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(In the name of Allah, the beneficent, the merciful)

Do they not look at camels, how they are created?
And at the Sky, how it is raised high?
And at the Mountains, how they are fixed firm?

And at the Earth, how it is spread out?

(Holy Quran, Sura Qashiyah, Verses 17-20)
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Abstract vi

ESTIMATING CHANGES IN MORPHOLOGY AND SEDIMENT SUPPLY
USING REMOTE SENSING AND FIELD TECHNIQUES IN THE LAR DAM
BASIN, IRAN

This research aims to establish land surface changes and sediment delivery using both
remote sensing and field techniques in the Lar Dam Basin, Northern Iran. The early
eruption of Damavand volcano approximately 60 000 years BP blocked the Lar River
with volcanic debris and created Lake Lar upstream of the natural dam. Lake Lar
became completely infilled with sediments before the natural dam was breached which
is taken to have occurred at about 40 000 years BP. At an elevation of about 2150m. a
spillway level formed at the southern side of the volcanic cone and then Damavand

produced basic lava flows which raised the dam in the Lar valley to about 2700m.

The potential of different remote sensing techniques for assessing land cover changes
in mountainous semi-arid areas has been examined in the Lar Basin. The study
considers morphological changes by sequential air photographs, KFA-1000, SPOT
(XS), Landsat (TM), topographic maps, echosounding survey, sampling and sediment
discharges measured at selected stations. Digital image processing of the Landsat TM
and SPOT subscenes for the study area was performed using the Dragon image
processing system. The land surface classification information derived from the air
photographs, KFA-1000, the SPOT and the Landsat TM has been linked to
morphological changes and used as an input into vegetation, soils, morphotectonic and

geomorphology maps of the Lar Basin.

The amount of sediment infill estimated from different methods as follows;
o from topographic maps amounts to about 1.58x10"'m’ for the old Lake deposits;

o from aerial photographs at three selected deltas estimated 8.5x10°m’;
o from echosounding this value estimated 13.9x10°m’ for same deltas,

e and by gauging stations at Gozaldarreh suggests is about 169t/km’a-1 which at
Polour shows a significant value about 223t/km’a™ before the dam reduced to
155t/km’a”.
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Chapter 1: Introduction 1

1.1 THE LAR BASIN

The Lar Basin in northern Iran lies in the Central Alborz range and is dominated by
Damavand volcano. The Caspian Sea is some 100 kilometres to the north and Tehran is
some 50 kilometres to south-west of the study area (Figure 1.1). This basin is the
highest watershed in Iran and reaches 2400 metres in the valley and 5671 metres at
Damavand summit. The area of the basin is 780 km” and the average discharge of the
Lar is about 14 m’/s. The total average annual discharge of the river is about 432
million m?,

Because of the mountainous terrain and harsh climatic conditions, Iran possesses only
limited regions suitable for agriculture. Of the total area of Iran (1648195 km®) about
20.7% 1is desert, 54.9% natural sparse grassland, 7.6% forest land, and only the
remaining 14.4% is potentially arable land, of which 11.6 million hectares go annually
under cultivation and the rest lie fallow. This short description indicates the importance
of the Lar Basin for future planning since it has good quality water and also a unique
situation between Tehran (needing for its increased population drinking water and
electricity) and the Caspian plain (for irrigation).

The Lar dam was built in 1974 to produce hydroelectricity and drinking water for
Tehran (179x10°m®) and supply water for Mazandaran province (249x10°m?®), but it
has not lived up to expectations owing to morphological changes in the dam area. The
loss of predicted water from the reservoir affects the life of millions of people due to
the reduction of water allocated for farmers in the north (about 3 million people) and
the urban dwellers of Tehran (over 10 million people). Future plans in this area need to
be reassessed and is one of the reasons for the establishment of this research project.
On the other hand conservation of the Lar Basin's natural resourées e.g. pastures,
water, soil, mines and wild life, needs to be accounted for in the face of future

development plans.



[A] Location of study area in relation to Iran

Figure 1.1: Location of the study area.



Chapter 1: Introduction 2

The limestones in the Lar basin form a series of prominent eastern-western trending
ridges that rise to heights of over 3000 metres above sea level and which have imparted
a strong east-west trend to the river basin. This is disrupted by a blockage to the valley
in east where it joins the Haraz valley. This blockage, caused by the Damavand lavas,
created Lake Lar which extended over 25 kilometres upstream of the lava dam. Some
hundreds metres of sediment were then deposited in the lake whilst continued eruptions
from Damavand gradually raised the elevation of the lava dam (Figure 1.2). The
process culminated in the outpouring of large quantities of predominantly intermediate
lavas which make up much of Damavand volcano today. Actually this process is the
starting point of morphological changes, in the Lar basin which are assessed in this
study. Major recent surface and subsurface changes like sinkholes and landslides in the
Lake area, influence the former Lake deposits. Similarly, sedimentation estimates show
that about 170x10° tonnes of soil are annually delivered from upstream, a serious

problem for infilling of the reservoir (about 960x10° m® capacity).

The Lar area has a rather barren appearance for the most part. The limestone formation
and Damavand volcano both have only a thin soil cover which supports only a sparse
vegetation and about 90% of the basin is covered by these natural pastures.
Nevertheless, this proves to be adequate to support the grazing of nomads each
summer time. The presence of animals in the valley has led to an almost complete
absence of trees. The animals prevent the young trees from becoming established by
eating the saplings but where animals are prevented from grazing, as at southern Lake
Lar, several trees flourish. The gravel terraces are again dry and barren in appearance
for much of the year, although many small plants thrive during the spring when the
ground is moist from the snow melt. On the flood plain of the River Lar and near spring
discharges, especially in southern side of the Lake the green appearance persists
throughout the year. The grass which grows here provides feed for herds of animals
brought into the valley each summer time. This grazing has resulted in vegetation
cover density decreasing year by year and this seems to have caused enhanced sediment

erosion downstream.
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Chapter 1: Introduction 3

1.2 AIMS OF RESEARCH

The aim of this research is to investigate the geomorphological changes in morphology
and sediment supply in the Lar Basin. The sediment supply to the river is controlled by
the changing nature of the catchment surface sediment and vegetation. In addition to
field mapping of geomorphology, remote sensing techniques are used to identify and

assess the observed changes at selected sites in the Lar Basin.

In order to achieve these aims the work was divided into two stages, each of which
stands alone on specific aspects of the physical environment, but which link together at
a later stage in order to achieve the overall aim of the research. The first of these is to
assess the extent of morphological changes in the basin and to produce an estimate of
sediment delivery into the Lake. The second is to identify the amount of sediment
delivery to gauging stations within the basin to allow comparisons through time. Figure '
1.2 shows the linkage between geomorphological changes, physical characteristics and
the techniques in this research which are eventually integrated within the discussion.

One of the objectives of this research is to examine the potential of remote sensing data
to identify land surface and morphological changes in the Lar Basin. As the Lar basin
surface types are very complex, a variety of soil/ground variables in combination are
required to explain the spectral response of surface cover types. The relative
importance of any one or more of these factors may vary within or among the land
cover types. Thus, a considerable effort is made to evaluate the spatial and spectral

characteristics of different sensors considered in the study.

The most common conventional way of assessing erosion potential is based on field
work which is time consuming and costly. Although using remotely sensed images to
evaluate a large area is more objective and efficient than comparing data from many
individual efforts, remotely sensed data and computer analysis cannot fully replace
conventional detailed ground surveys. However, these can help scientists and policy

makers to determine the scope of a problem and focus activities to where they will be
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most effective (Pelletier, 1985). Among remotely sensed data it has been shown that
aerial photography is a very good tool for recognition of all kinds of erosion features
and sediment estimation. As mentioned above some parts of the Lar basin are
inaccessible to field checking, so it seems that the best tool is remote sensing data.
Thus the KFA-1000, sequential aerial photographs, SPOT and Landsat TM imagery
will be analysed in order to identify areas of fluvial sediment, vegetation cover,
morphological changes and to classify and map the major surface types of the Lar
basin. The mapping information thus obtained is then used as an input into a

geomorphological and other maps at the study area.

Thus, the major objectives of the research are:

(@) to investigate depositional history and its effects on recent morphological changes

in the Lar basin;

(I@) to produce morphological, vegetation, lithology and morphotectonic maps of the
study area in order to identify changes;

(II) to estimate sedimentation in a former Lake and present sediment delivery in the Lar

basin;

(IV) to evaluate the usefulness of remote sensing data in identifying areas that contribute
to sediment delivery to the Lar basin.

1.3 THESIS STRUCTURE

The study first reviews similar work and investigation methods elsewhere in relation to
land surface cover interpretation, and explains the rationale of selection of the study
area followed by background information. Therefore, the aim of Chapter 2 is to review
similar works in traditional and remote sensing techniques with emphasis on river

basins in semiarid or mountainous areas elsewhere. This chapter also assesses the



Chapter 1: Introduction 5

methods used and their advantages and disadvantages. Remote sensing data including
aerial photographs are reviewed for different kinds of applications for land use, soil
characteristics and erosion, vegetation, landcover changes, fluvial, and lacustrine
applications linked to chapters 4 to 7. In Chapter 3, the investigation techniques are
described in two main stages: remote sensing interpretation, and field work. In this
chapter different techniques and data gathering procedures are explained aimed at

identifying land surface changes and sediment estimation in the Lar basin.

In Chapter 4 attention is directed at the physical environment of the basin (climate,
physiography, geology and vegetation) in order to provide a preliminary insight into the
characteristics of the major surface types considered. The characteristics of different

surfaces help to show how morphological changes might affect the Lar basin.

Following morphological changes in the study area in the past, more recent changes are
discussed in Chapter 5. This chapter also reports sediment characteristics and
classification of deposits in the study area derived from field, remote sensing data and

laboratory analysis.

Chapter 6 reports the results of classification of the land cover using a digital image

processing system to aid the development of prototype maps.

The results of this research are discussed and interpreted in Chapter 7. The degree of
success of the landcover analysis is assessed and related to those methods most useful
in identification of erodable areas. The sources and patterns of erosion are discussed in
relation to landcover and then linked to the deposition areas in the Lar basin. Finally
sediment concentration and volumetric data are compared as different methods for
estimation of sedimentation in the Lar basin. Chapter 8 comprises the conclusion and

summary remarks drawn from the whole thesis (Figure 1.3).
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Figure 1.3: Diagram showing the general stages of this thesis.
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INTRODUCTION

The aims of this chapter are: to review the rates and mechanisms of soil erosion and
sediment delivery in mountainous semi-arid areas, using both remote sensing and field
data; and, to identify the possible linkages between these two aspects of research.
The few studies which have been carried out on the geology and geomorphology of
the Central Alborz Range are also to be reviewed. Sediment yields are acknowledged
to reach peak values in mountainous semiarid environments (Clotet and Gallart,
1986; Bogen, 1995), largely because of poor ground protection offered by sparse
vegetation and the activity of soil fauna, which serve to reduce infiltration rates and

encourage overland flow (Langbein and Schumm, 1958; Scoging et al. 1992).

The chapter examines the literature and background of research involving: (1)
erosion rate estimation; (2) assessment of land surface morphological changes and

sediment delivery by remote sensing; and, (3) previous work related to this field area.

2.1 GLOBAL SEDIMENT BUDGET

Walling (1984) has estimated that 14x109 tonnes of suspended sediment and 1x109
tonnes of sediment transported as bed load are discharged into the oceans annually
by rivers. These two components of sediment transport are responsible for an average
rate of denudation of the land surface of approximately 57.5 mm per one thousand
years. This rate of denudation is distributed unequally over the land surfaces of the
Earth, and considerable variation is observed (Figures 2.land 2.2). Woodward
(1995) studied pattern of erosion in Mediterranian river basins and demonstrated that
soil erosion and sediment yield in this area are encouraged by the high erosivity of
precipitation, an active tectonic setting, steep topography, fissile sedimentary geology
and easily erodible soil mantles. Its natural vulnerability to erosion has been
morphogenic zone than in any other (Dedkov and Mozaherin, 1992). In consequence,
some rivers in this region have suspended sediment yields of >4000t km? yr’.
Sediment yield of almost an order of magnitude greater (39700t km> yr') are
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Chapter 2: Literature Review 8

reported by White (1995) for a small basin in the Magat catchment of the Philipines.
In this case, the very high transport rates can be attributed to the effects of rainfall on
soils exposed through the disturbance of natural vegetation. The annual suspended
sediment in four Alpine glacier basins located in the Val d, Herens, Switzerland, may
reach 3000t km? yr! (Gumell, 1995), although loads as low as 280t km? yr”' were
also recorded in this area. Walling (1995) collected and interpreted global databases
of sediment and solute concentration and yield, which currently reveal, for example,
that suspended yields range globally from a minimum of 0.9 to maximum of >53500t
km™ yr' (Figure 2.1). Seen in a world context, sediment concentration and yields of
the Lar basin, which are about 200t km? yr,” are very low.

2.2 EROSION ESTIMATION MODELS AND SEDIMENT YIELD

2.2.1 Predicting Soil Erosion Rates

Soil erosion studies can be traced back to the late nineteenth Century (Hudson,
1978). A basic understanding of the factors affecting erosion was developed early in
the 20th Century starting from the experimental work initiated by the US Forest
Service in 1915 (Ayres 1936). The importance of raindrop impact was first
appreciated by Low (1967) and later by Ellison (1944). Scientists began to develop
empirical equations as data were accumulated. For example, Zingg (1940) proposed
an emprical equation for soil loss, and the relationship of rainfall characteristics to the
amount of soil eroded was proposed by Musgrave (1947) to estimate gross erosion

from watersheds. This is;

E = (0.00527) IRS1.35 .0.35 P3¢1.75 [2/1]

E = the soil loss (mm/y), I = the inherent erodibility of a soil at 10% slope and 22 m
slope length (mm/y), R = a vegetal cover factor, S = slope angle, (%), L = length of
slope, (m), P30 = the maximum 30 minute rainfall (mm).

Lloyd and Eley (1952) provided a graphical solution of the Musgrave equation for
use in the North Eastern United States. Smith (1941) and Browing et al (1947)
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developed factor relationships which later provided a basis for the development of the
Universal Soil Loss Equation (USLE).

A=RKLSCP [2/2]

A= average annual soil loss per unit area (tons/acre), R= a rainfall erosivity factor,
K= the erodibility of the soil, L= slope length factor, S= slope gradient factor, C=
cropping management factor, and P= erosion control practice factor (see Wischmeier

and Smith 1965, for extended information on the equation).

Van Poren and Batelli (1965) evaluated the applicability of these factors as they
affected soil loss in Illinois. In 1954, a re-evaluation of the various factors affecting
soil loss was undertaken (Smith and Wischmeier 1957, Wischmeier and Smith 1958,
Wischmeier et al 1958) which resulted in the development of the USLE by
Wischmeier and Smith (1965). This equation was later refined as more data was
received from runoff plots, rainfall simulation, and field experience (Wischmeier and

Smith 1978).

The USLE model has also been applied outside the USA. For example, Hudson

(1961) proposed an erosion equation for subtropical Africa as follows;

E = TSLPMR [2/3]

E= erosion rate (tonnes/acre/year) and the remaining factors are functions of soil
type, slope gradient and length, agronomic or agricultural practice, mechanical
protection, and rainfall, respectively. Another soil loss equation for South Africa was
developed by Elwell (1977),

Z=KXC [2/4]

where Z = predicted mean annual soil loss (tonnes/acre/year), K = mean annual soil
loss, from a standard field plot 30mx10m at a 4.5% slope for a bare soil of known
erodibility, C = the ratio of soil lost from a cropped plot to that lost from the standard
plot, and X = the ratio of soil lost from a plot of length L and slope S to that lost
from the standard plot.
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Field observation at various times of the year suggested that surface water is the
principal agent of erosion on the Lar basin. After an extensive literature search for
previous work on the use of erosion models in mountainous areas in Iran or indeed
from a similar environment elsewhere, only one report, that of Banket et al. (1979)
from Moel Faman in Clywd, was found but this is for a humid environment. In this,
an essentially field based report, they compared the effectiveness of three predictive
models; USLE, Fournier and Kirkby and found that the USLE model gave the best
estimate for soil loss. But there is some difficulty to be encountered in assessing its

various parameters.

All of the mentioned models have been derived for the prediction of soil loss from
agricultural land. Therefore, without valid modification their application to the non-
agricultural land such as the Lar Dam Basin would be questionable.

In the many parts of the world, areas with annual precipitation close to the 400-500
mm of the study area, have semiarid vegetation communities. Langbein and Schumm
(1958,1965) argued that low sediment yield occurred in the lowest precipitation
ranges because there was not enough water and energy to deliver sediments. In the
higher precipitation ranges, they suggested that grasslands and forest provided
enough cover to retard the erosion process. Their oft-repeated diagram showing the
peak sediment yield in the 400-500 mm effective precipitation zone was plotted from
sample stations in subdivisions (Figure 2.3). Walling and Webb (1983) have a major
criticisms of the Langbein-Schumm curve which shows a decline in sediment yield
with an increase in precipitation. Walling and Webb indicate that the group-averaging
method causes the plot to be an abstraction of the data that is subject to alteration
given small amounts of new data. Although the relationship between sediment yield
and mean annual runoff developed by Judson and Ritter (1964) and Dandy and
Bolton (1976) reveals curves somewhat similar to the Langbein-Schumm model in
the lower precipitation ranges (Figure 2.3), additional data from a variety of climates
and conditions do not substantiate the original formulation.

Studies of the sediment yield and precipitation relationship provide three lessons for
researchers dealing with semiarid catchments; (i) data from one region, even one
large region, are not likely to provide valid generalizations for global use; (ii) the

construction of theory from grouped data appears to be risky. The conclusions drawn
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Chapter 2: Literature Review 11

from grouped data strongly reflect the grouping process which obscures the natural
variability in the data; (iii) successful theory must grow from the complexity of the
data and account for this complexity.

Estimation of catchment sediment yield requires integration of erosion export
processes. To predict sediment yield for areas where no sediment data are available,
various general models have been suggested. Most take the form of linear regression
equations relating sediment yield with one or more climatic and topographic
variables. Linear regression models were employed by Fournier (1960), Corbel
(1964) and Painter (1974) for the major climatic zones of the world and a similar
model was suggested by Flaxman (1972) for the western United States. Williams and
Berndt (1972) extended the USLE, to give an estimate of the delivery ratio, for small
catchments in part of Texas.

Negev (1967) attempted to simulate erosion-deposition processes by distinguishing
between the two main sources of sediment, the land surface and the channel system.
On the land surface the most important parameters are the rainfall intensity and the
overland flow rate and amount. The approach suggested by Painter et al. (1974) was
related to determining the influence of afforestation on erosion and sediment

transport from a grassland area.

Langbein and Schumm (1958) proposed a tenuous relation between effective
precipitation and sediment yield. Schumm (1956) expanded the relationship and
developed supporting theory, and finally a host of subsequent researchers provided
wider ranging data, criticisms, and further refinements of explanation. In addition to
vegetation and precipitation, soil characteristics directly influence erosion and the
contribution of sediment to channels. Generally, soils with low clay contents tend to
be most erodible. In a review of erodible soils from England, Canada (Ripley et al.
1961), India (Mehta et al. 1963), and the United States (Magahan 1975), Evans
(1980) found that soils with more than 30-35% clay are unlikely to be classified as
highly erodible (Figure 2.4). The stability of soil in semiarid areas is dramatically
affected by monovalent anions such as sodium, a relatively weak binding agent that is

associated with rapid erosion and piping.



(0861 suead 13Je)
1uuod Ke]d Jo soueoduir sy Suimoys J]qIpoId ATYSTY POWIap S[IOS 0§ SONSLISIORIEYD JZIS I[ONIE]. T AIN1

pueRsg %
06
A}
Euo. >vcaw
weo| IS weoj s %cnm
06
. Eco_ Aein’,
. . . . e .
weo \* b

Asjd >=.m

WS % AejD &%
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Finally, slope characteristics also control erosion. Slope angle controls the process of
splash erosion (Ellison 1944). Erosion increases with increasing slope angles,
especially at angles of less than 10 degrees. Erosion also increases as slope length
increases, especially in field-size areas because more runoff is available from upslope

areas (Wischmeier et al. 1958).

2.2.2 The Sediment Delivery Ratio

The sediment delivery ratio is the ratio between the amount of material exported from
a drainage basin to that eroded from slopes with the basin. If the ratio is equal to 1.0,
the amount of material lost from slopes equals the amount leaving the basin as fluvial
sediment yield. Sediment delivery ratios, like specific sediment yield values, generally
decline with increasing basin area. Because the ratio is dimensionless and does not
account for absolute magnitudes, there is increased likelihood that similar ratio/area
relationships will exist for different sized areas (Figure 2.5). There are many curves,
the most widely based is that by Roehl (1961). The curve by Renfro (1975) is from
data from Texas, while the ones by Piest et al. (1975) and Beer et al. (1966) are from
a humid-semiarid transition area. The shape of the curves probably reflect the
geomorphologic characteristics of the slopes and channels of the basins which
determine the nature and distribution of storage sites. There are probably limiting
curves determined by the combined possible basin and network geometries. As yet
these curves are undefined, and research from dryland areas is noticeably lacking. As
a general statement, the available data suggest that;

Rg=C A4-0.2 [2/5]

where Ry = sediment delivery ratio, Ad=drainage area (km’), and C=an empirical

constant.

The range of calculated sediment delivery ratios indicates varying amounts of internal
storage within drainage basins. The maintenance of this arrangement on a geologic
time scale would not be possible because sediment in storage would indefinitely

increase. Those materials stored along channels as valley alluvium eventually leave
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the basin during intensive erosion episodes as well known in semiarid area settings.
Schumm and Hadley (1957) established the process for small channels, and Graf
(1983) demonstrated that the cumulative effects of accelerated erosion episodes in
the upper Colorado river basin over 40 years produced sediment delivery ratios as

high as 1.5 for some semiarid area streams.

The most common methods of estimating sediment yield include analysis of sediment
discharge data, evaluation of volumes of sediment deposited in reservoirs in or close
to the basin under study, and the use of generalized sediment yield equations
(Rooseboom 1975).Attempts to estimate sediment discharge in rivers by using
sediment transport equations are usually less successful as availability of sediment
often limits the actual transport amounts (Rooseboom, 1975).

The discrepancy between surface erosion and yield can be interpreted in two ways.
Firstly it may based purely on the definitions. If all points in a catchment are sampled,
and deposition is treated as negative erosion, average erosion and yield must of
course balance. Thus delivery ratios less than 1.0 reflect the normal definition of
gross erosion as the total mobilization of material from the eroding sites within a
basin. Secondly if p is the proportion of a catchment eroding at rate e (measured as a
depth of erosion, ma™), and the proportion experiencing deposition at rate d is q (=1-

p), then for any time period;
s =pe-qd [2/6]
where s=annual sediment delivery and the percentage delivery ratio is ;
Rs= S/E = s/pe = [1-(qd/pe)] [2/7]

The second equation shows that delivery ratios can easily be much less than 100% if
q is large (>0.9) and/ or the ratio of deposition to erosion rates is high (>5). A local

deposition rate in only 10% of a catchment which is 8.5 times the average erosion

rate occurring elsewhere will result in a delivery ratio of 5.5% (Richards, 1993).
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Accurate sediment discharge data is one of the main inputs required for sediment
yield estimation. Apart from statistical requirements such as adequate sample size,
homogeneity and stationarity of data, the actual method used to sample also demands
consideration. The latter is very important in sediment transport as it is not always
economical and feasible to do detailed sampling in order to obtain measurements
which are representative of the total sediment discharge of a river at a particular
section. Sediment transport phenomena and sampling methods will therefore be
reviewed briefly in chapter 3 before proceeding to discuss statistical requirements and

methods of analysis.

Total sediment transport in a stream can be divided into bed load and suspended load.
Bed load is the sediment that moves by saltation, rolling and sliding in the bed layer
of a channel, whereas suspended load is the sediment that is supported by upward
components of turbulent currents and which stays in suspension for an appreciable
length of time. Measurement of the bed load component of sediment transport, which
is generally considered to be small (in the order of approximately 5 percent) (Walling,
1984, Rooseboom, 1975), is a difficult operation and depends on the nature of the
sediment. No single apparatus or procedure, has been universally accepted as
completely adequate for determination of bed load discharge (Gregory and Walling
1976). Suspended sediment on the other hand is easier to measure and a wide range
of instruments including instantaneous, point-integrating, single stage and pumping
samplers, as well as continuous monitoring apparatus (Gregory and Walling, 1973),
have been developed for this purpose.

2.3 SUMMARY AND DEFINITION

Not all of the models described above are appropriate for estimation of the sediment
yield of the Lar basin, because this area includes some factors which are absent from
many models, e.g. stream bank erosion and gully erosion. The nature of the material
transport in the rivers and soil particle size data are gaps in existing knowledge for
this site. .

The construction of volumetric estimates of depositional areas from topographic
maps for the Lar basin has not been previously attempted and forms a significant

extension to the results of this work (Chapter 5). It is clear from the literature that
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very little work has been attempted in the field of estimation of delivered sediment in
semi-arid river basins. Therefore the only model which was selected for sediment
estimation in the Lar basin is that used for Lake Mead reservoir in USA (Smith et al.
1966). The application of this model is justified because of its inclusion of factors

relevant for the Lar basin.

Thus in the light of the models described above, the aims of this part of the thesis are
to: i) establish a depth of accumulated valley fill which was measured by seismic
exploration and suggests that the channels were occupied by a large lake prior to
valleys filling, and also to estimate sediment yield from sediment concentration data,
and terrace and river deposition area volumes; ii) examine former lake limits and to
calculate an estimate of sediment eroded from the Lar basin, iii) attempt to link aims i
and ii through a paleosediment budget in order to assess morphological changes in

the Lar basin.
2.4 USING REMOTE SENSING DATA FOR LAND SURFACE CHANGES

Remote sensing is the science of obtaining information about an object, area, or
phenomenon through the analysis of data acquired by device that is not in contact
with the objects under investigation (Lillesand and Kiefer, 1987). In the interpretation
of information for the environmental sciences, it usually refers to the use of
electromagnetic radiation sensors to record images of the environment (Curran,
1985). The eye can only capture visible radiation which occupies a very small part of
the electromagnetic spectrum. To overcome these deficiencies various instruments or
systems have been developed (Figure 2.6). Table 2.1 shows the electromagnetic
radiation regions used in remote sensing including; near ultra-violet ‘UV’ (0.3-
0.4um), visible light (0.4-0.7um), near shortwave and thermal infrared (0.7-14pum)
and mirowave (Imm-1m) . Short wave infrared has more recently been used for
geomorphological classification and thermal infrared is primarily used for temperature

measurement, while microwave is utilized for radar and microwave radiometry

(Figure 2.7).

During the 1940s and 1950s large scale, complete coverage of many countries

(including Iran) was undertaken using black and white panchromatic aerial
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class

wavelength frequency
ultraviolet 100A ~04um 750 ~3,000THz
visible 04 ~07pum 430 ~750THz
near infrared 07 ~13um 230 ~430THz
short wave infrared 1.3 ~3um 100 ~230THz
infrared intermediate infrared 3~8um 38 ~ 100THz
thermal infrared 8 ~14um 22 ~38THz
far infrared 14gm ~Imm 0.3 ~22THz
submillimeter 0.1 ~imm 0.3 ~3THz
micro millimeter  (EHF) 1 ~10mm 30 ~300GHz
wave centimeter  (SHF) 1 ~10cm 3 ~30GHz
radio decimeter (UHF)| 0.1 ~1m 0.3 ~3GHz
wave very short wave (VHF) I ~10m 30 ~300MHz
short wave (HP) 10 ~ 100m 3 ~30MHz
medium wave (MF) 0.1 ~lkm 0.3 ~3MHz
long wave (LF) 1 ~ 10km 30 ~300kHz
very long wave (VLF) 10 ~ 100km 3 ~30kHz

Table 2.1: Classification of electromagnetic radiations
(source: Japan Association on Remote Sensing 1993).
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Figure 2.7: The bands used in remote sensing

(source: Japan Association on Remote Sensing 1993).
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photography. By the 1960s aerial photography had been operative long enough to
allow for the study of temporal variations in the environment. The period from the
late 1950s has been extremely active for Remote Sensing, with developments in the
whole applications field occurring at an increasing rate. With satellite launches
occurring regularly, following SPUTNIK-1 in 1957, the interest in Remote Sensing
concentrated on the use of this new and unique platform. In 1959 the first earth
images were transmitted from EXPLORES-6 and the first meteorological satellite,
TIROS-1, was launched in 1960.

Computer technology advances have been vital for all aspects remote sensing and
have allowed the huge data streams to be handled efficiently. Remote sensing has also
been aided by the influx of new ideas from a variety of related disciplines, by the
availability of funding for space related activities and by access to an increasing range
of software and hardware. Remote Sensing has a number of positive advantages over
other sensing systems. Jackson and Mason (1986) argue that modern remote sensing
has now successfully overcome the problems which it had in the 1960s and 1970s of
being "technology pushed". As useful applications of Remote Sensing imagery have
been developed, especially in the field of environmental awareness, remote sensing is
now also being "user pulled". This recent trend has been helped by the growing ability
to successfully integrate remotely sensed data into Geographical Information Systems
(GIS). If it was not for the functionality offered by GIS, then the future for Remote

Sensing might be rather uncertain.

In this research, satellite data at different resolutions is employed. This includes
SPOT multispectral, Landsat TM and KFA-1000 satellite photograph (see Appendix
Chapter 6 for system technical information). These were usefully applied for mapping
of vegetation cover, soil characteristics, erodibility and depositional areas, especially

on inaccessible areas of the Lar basin.

2.4.1 A Review of Landsat (TM) and SPOT (MSS) For Environmental Sciences

An unmanned, earth orbiting series of satellites, was initiated by NASA that transmit
images to earth receiving stations. They were desined primarily for collection of earth

resources data. The current Landsat satellites contain two sensor systems; a 4 channel
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multi spectral scanner (MSS) and 7 channel thematic mapper (TM) system. The first
Landsat (Earth Resources Technology Satellite ‘ERTS’) was launched in 1972,
Landsat 2 and Landsat 3 were launched in 1975, and 1978.

With the launch of Landsat 4,5 and SPOT satellites in 1982, 1984 and 1986,
respectively, a new generation of satellite data have been introduced. Although the
geographic area covered by both the Landsat TM and SPOT sensors is virtually
identical, SPOT has greatly improved spatial, spectral and radiometric resolutions.
These sensor refinements enhance the usefulness of SPOT data relative to MSS and
TM (Landsat).

SPOT data, with it’s favorable high spatial resolution (20m TM; 10m PA), offered
possibilities for the assessment and mapping of vegetation and erosion in the Lar
basin. Landsat TM data have also been utilized in the basin, for erosion mapping as
well as for classification of land cover. Broad classification, delineation and mapping
of some features, such as wet land has been more successful with MSS (Carter 1978,
Emst and Hopper 1979, Caster and Richardson 1981, Bartlett and Klemas 1982),
although there was some difficulty with the classification of other aspects. For
example, Landsat MSS was less successful in the classification of rangeland region
(Beaubien 1979, Harris et al 1978, Bryant et al 1980, Latty and Hoffer 1981,
Markham and Townshend 1981) and problems have also been encountered in
delineating urban and suburban land cover (Carter and Jackson 1976, Jensen and Toll
1982). These limitations are generally attributed to the poor spatial resolution (79m)
of the Landsat MSS (Haak et al 1987).

The critical aspect of the TM data based land surface classification lies in the
classification accuracy which in general is a function of the number of boundary
pixels and the spatial resolution (30 metres) of the image data (Ioka and Koda,
1986). Extensive effort was made by Williams et al. (1984), Toll (1984, 1985) and
Irons et al. (1985) to explain the effects of the Landsat TM improvements on
classification accuracy. These studies concluded that TM digital classification can be

useful in vegetation and soil identification especially in large areas.
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Thus, it appears that the relationship between spatial resolution and classification
accuracy are closely integrated. Townshend and Justice (1981) and Markham and
Townshend (1981) explained the high spatial resolution effect on classification
accuracy. They suggested that increased spatial resolution generally results in an
increase in the variance of pixel values. Conversely, increased spatial resolution
reduces the number of mixed or boundary pixels, and hence higher accuracy may be

achieved (Thomson et al 1975, Pitts and Badlaras 1980, Jackson et al 1983).

2.4.2 Kosmos Satellite Photography (KFA-1000)

Until the end of the 1980s data from the Landsat-TM and SPOT systems were the
international leaders in non-military remote sensing applications. The efficiency of
both systems (operation and reliability) has not yet been achieved by any other
system. The political changes in the former Soviet Union, however, have enabled
access to the photographic satellite systems of the Kosmos satellite. Originally
designed for military purposes, this system has become a serious competitor for
Landsat and SPOT, at least as far as geometric resolution is concerned (Sollner,
1993).

In this project KFA-1000 (Kosmos) images were used for mapping the
geomorphology and vegetation of the Lar dam basin. Its camera system acquires
colour spectrozonal photography from an average height at 270 kilometers, with an
average scale of 1:270 000 (Longoria et al. 1993). The frame size is 30x30 cm which
covers an area of 6400 km’ with 60% longitudinal overlap of photographs. The
ground resolution is stated to be 5 meters (Figure 2.8). It's spectral ranges are 570-
680nm and 680-810nm. The camera number, focal length and exposure number

appear in each frame.

2.5 APPLICATION OF AERIAL PHOTOGRAPHS AND SATELLITE DATA
FOR LAND SURFACE CHANGES AND SEDIMENT DELIVERY

Aerial photographs have been used to map sediment delivery processes and to locate
changes in the land surface in relation to soil properties. In ideal circumstances,

photographs record differences in reflectance from vegetation or the soil surface
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Figure 2.8: Geometric imaging arrangement of the KFA-1000
(after Almer and Buchroithner, 1990).
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which can be correlated directly with the boundaries of geomorphological and
pedological units. Aerial photographs are considered to be a data collecting and
analytical tool (Lo 1976), which provide a basis for mapping soil erosion and
evaluating soil erosion potential. Most erosion features are visible in stereoscopic

images, and those which are not can be inferred from tonal variation (Bergsma 1974).
2.5.1 Soil Characteristics

Kiristof et al. (1980) have shown that variations in soil reflectance can be affected by
the relative proportion of clay, silt and sand in the soil. Spectral data showed a
distinct decrease in reflectance with increasing clay content. On the other hand, there
were significant increases in reflected energy when the amount of silt and sand
increased. Seubert et al. (1979) revealed that despite of differences in soil parent
material or in geographic locations, certain soil properties relevant to soil erosion
may give similar spectral responses. Cihlar et al. (1987) considered three aspects of
remotely sensed data for soil erosion assessment in southern Ontario: optimum
spectral bands, optimum spatial resolution, and the feasibility of organic matter
estimation. It was found the best three bands were centered at wavelengths 0.487nm,
0.650nm, and either 0.664nm or 0.843nm. A statistical approach to selecting the
optimal bands is preferable, particularly since it permits optimization for a particular
group of soils. Organic matter concentration, could be estimated using a band centred
at 0.573nm with an average absolute residual error of 1.4% over the entire range of
1.1% to 50%. This relationship was not highly wavelength-sensitive, although some
bands were better than others. Pixel sizes between 6.25 m. and 12.5 m. appear

adequate to provide within-field information on the soil.

Soil scientists have used remote sensing data to map different soil classes (Cipra
1973, Eara et al. 1984, Kirschner et al. 1978, Weismiler 1978), and for the
identification of soﬂ types and soil properties (Al-Abbas et al 1972, Kiristof and
Zachary 1974, Kristof et al. 1974, Mathews et al 1973, Zachary et al. 1972).

Abdel-Hady et al. (1989) utilized MSS for soil survey, in the SW Sinai, Egypt. The
first step consisted of a visual analysis of context and colour on Landsat images. Data

processing consisted of several parts: (a) selection of the optimal channels for a
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multispectral classification of Landsat digital data; (b) determination of the
thresholds, by different methods, (frequency histograms, radiometric transits and
radiometric characterization of the zones of 10x10 pixels); (c) multispectral
classification of digital data represented by a computer-assisted multicoloured
thematic map; and, (d) drawing of a remotely sensed map of the soil surface. The
computer map provided a basis for mapping the soil surface conditions of the study
area. Soil profiles and their surface conditions were described in the field with
particular attention to the presence or absence of crusted surfaces, sandy surfaces
and surfaces covered with coarse particles. The diagnostic values of FAO (1975)
were used to determine the different textural types. These analyses allowed the
grouping of the soil surface condition classes into phases (Abdel-Hady, 1987). This
study concluded that the visual interpretation of remotely sensed images enables us to
identify the principal geomorphologic units and is also a good means of locating the
subimages. Processing remote sensing digital data facilitates soil surveying,
supplying: remotely sensed maps for soil sampling that are efficient guides for
pedological prospection; computer assisted maps as bases for the mapping of soil
surface conditions of the aﬁd regions; and, radiometric characterizations of selected
areas, important for the study of relationships between remote sensing digital data

and soil surface conditions.
2.5.2 Soil Erosion

Certain limitations are inherent in the use of aerial photography for erosion mapping.
The effects of erosion may have been masked by vegetation cover at the time of over
flight. Recent aerial photographs at a suitable scale are not always available for the
area in which erosion is to be assessed. Correlating the grey tones of black and white
photography with the soil properties is sometimes difficult. Variation in film exposure
and development can also cause interpretative problems. To overcome the vegetation
masking an eroded area, colour infrared photographs have been used with reasonable
success (Totterdal and Mehauer 1973, Tueller and Boott 1975, Pihan 1980, Morgan
et al 1979). Such photography was used to delineate homogeneous erosion mapping
units, crop rotations, and management practices in a potato farming area in New
Brunswick, Canada by Stephen et al. (1982). This approach produced accurate soil-

loss estimates when combined with slope data taken from a topographic map, and
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improved the soil erodability map. In addition, the use of air photos allows a year-
round analysis which had been limited to about 120 days by traditional methods. In
the above cases soil erosion has been identified by remote sensing techniques. In all
cases, a surrogate of erosion related to land use has been determined. The available
spatial resolution limits its use in this type of application, but for most surveys of

large areas it is adequate.

Schecter (1976), Oki (1975), and Rangan and Rogers (1978), have used Landsat data
to estimate land cover. The Oki model estimates the erosion and sediment

contribution from sub-catchments and uses the universal soil loss equation.

Soil erosion can also be measured directly using close-range stereopairs. Welch et al.
(1984) report on a method of registering digital data from the stereopairs from two
dates to measure soil loss. This method can provide the spatial data necessary to
develop and calibrate physically based erosion models. These data are predominantly
obtained from ground-based systems that can permit millimeter accuracy to be

obtained.

Poodle (1969) utilized aerial photography for erosion and slope analysis. The basic
premise of this study is that aerial photography can supply detailed information about
slope failure forms, including sheet wash, rills, and gullies which result from sheet or
channelized flow, and creep, flow, slide, and fall which result from gravitational
movement. This study shows that aerial photographs are useful for identifying

erosion patterns and their sources especially for limited areas of large scales.

In recent years remote sensing data have been used to derive a number of coefficients
of the USLE (equation 2/2). In particular the crop management factor has been
successfully estimated using remote sensing data for a variety of environments in the
USA (e.g. Berger and Jensen 1980, Degane et al. 1979, Morgan et al. 1978, 1979,
1980, Morgan and Nalepa 1982, McAdams 1980, Singher et al. 1982). For these
studies the cropping management factor, C, and the erosional practice factor, P, were
combined into one parameter estimated from Landsat data. A similar approach was
used for an eight-county study group in Central Indiana (Campbell 1981). In this
study a non-point pollution potential (NPP) index was defined as: NPP=f (soil
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characteristicsxagricultural land use intensityxproximity to water). This index was
applied to cells of approximately 25ha (35 Landsat pixels). The agricultural land use
mtensity data were derived from the geocorrected Landsat data. Soil characteristics
were determined from erodibility data in soil surveys, and proximity to surface water
was measured by cell counting from water bodies identified on topographic maps. A
GIS system was utilized to combine the data from the different data sets and assess
the NPP index. Pelletier (1985) describes a GIS adaptation of the universal soil-loss
equation which uses data from either the Landsat (MSS 79m resolution) or Landsat
(TM, 30m resolution) to determine the land cover, and subsequently the cropping
management factor. He provided a good discussion of some of the accuracy
limitations that may be encountered by automating the procedure with satellite and
digital elevation data. Figure 2.9 shows the various data sources and data files
managed by the GIS. In the case cited above, soil erosion has not been measured
directly by remote sensing techniques. In all cases, a surrogate of erosion related to
land use has been determined. The spatial resolution available from common remote
sensing products limits its use to this type of application and for most large area
surveys and inventories it is quite adequate. However, soil erosion can be measured
directly using close range stereopairs. Welch et al. (1984) report on a method of
registering digital data obtained from the stereopairs from two dates to measure the
soil loss. This method can provide the spatial data necessary to develop and calibrate
physically based erosion models. These data are prodominatly obtained from ground

based systems that can permit millimetre accuracies to be obtained.

Morris-Jones et al. (1979) estimated soil erosion potential in a 6136 ha watershed in
Wisconsin. Comparison of the experimental 1977 USLE study, which employed
remote sensing data collection methods, with the traditional 1975 USLE study based
primarily on field survey methods yields the following results: air photo interpretation
was successful in gathering all of the basic land use/land cover data needs associated
with the erosion factor; remote sensing data collection techniques were less labour
intensive than the traditional methods based primarily on field studies. Approximately
50 hours were required to compete the study with remote sensing methods while 93

hours were required with the traditional methodology.
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A model for estimating splash and sheet erosion on a regional scale has been
developed by Mueksch (1984). This approach, based on an empirical equation, uses
slope areas and lengths from Landsat imagery. The method has been tested in the
East Africa coastal zone. Application to other climatic and geographic areas should
be carried out with caution but the method demonstrates how remote sensing data

may be used in areas where other data may not be available.

Alam and Harris (1986) studied moorland soil erosion by spectral reflectance. The
study area was divided into three pedological groups based on the Soil Survey of
England and Wales map, each of which was further subdivided into five substrata on
the basis of tonal characteristics on the aerial photography. A stratified random
sampling scheme was then used to identify sites at which a number of soil
characteristics were measured in May 1985 (soil texture, moisture, organic matter,
biomass and slope). At each of 70 field sites the reflectance of the surface was also
measured with a Milton Multiband radiometer equipped with 4 wavebands
comparable to those of the Landsat MSS (0.5-0.6, -0.6-0.7, 0.7-0.8 and 0.8-1.17m).
Although the discrimination analysis did not give clear results it indicated that the
best band for overall discrimination is channel 4, followed by channels 1 and 3. Thus
any conclusive remarks about the discriminating power of the ground radiometer data
cannot be made without reservation. There was no clear relationship between
individual wave bands and single ground variables, but grouping and stratification

have shown that aggregate effects can be determined.

Palylyk et al. (1992), utilized multidata Landsat TM digital imagery and digital soil
survey information integrated within an ARC/INFO GIS to monitor temporal soil
erosion risk for a portion of the county of Flagstaff, Alberta. Land cover
classifications derived from each data of Landsat imagery were converted to vector
format as GIS data layers. Soil erosion risk was analysed spatially through selective
query and overlay of temporal land cover and soil information. The resulting
temporal-sequential soil erosion risk assessments have considerable potenti;f for
county-level conservation applications, while GIS capabilities can enhance their utility

for conservation planning.
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Wind erosion is usually one of the major erosional process in semi-arid areas,
however it has a limited role in soil erosion in the Lar basin mainly because the area is
surrounded by mountain ranges. Aeolian transport of sediment is thus insignificant in

the Lar basin.

2.5.3 Land Use and Land Cover Changes

Aerial photographs, have been used extensively in the mapping of eroded areas
(Stallings 1957, Buringh and Vink 1961, Emer, 1975, Jordan 1984) as well as for
other qualitative assessments of landuse changes which may affect soil erosion (Ishaq
and Huff 1974, Williams and Morgan 1976). Some attention has also been directed at
quantitative evaluation of soil loss using aerial photographs (Buringh 1961, Jones and
Keech 1966, Keech 1972, Atukum 1976, Welch et al 1984, Thomas et al 1986,
Aniya 1985). Sequential aerial photographs have been used to determine the nature,
location and timing of soil management changes and how those changes effect soil
erosion on cropland (Stephen et al 1982). This information used in conjunction with
detailed topographic maps and the USLE, permits the estimation of past and present

rates of erosion and how these relate to present landuse (Stephen et al 1982).

Biswas and Singh (1990) utilized TM data for evaluation of soil resources in the
Malwa plateau, India. They attempted to prepare soil resource maps by visual
interpretation of a false colour composite from the TM at an average scale of
1:250000 in conjunction with field checks covering an area of 340 000 ha. Nine soil
mapping units were established as well as four physiographic units, seven land use
units and three waste land mapping units. This study showed low Landsat TM data
can be useful for general identification of the land surface over large areas.

Sharifi (1978) applied remote sensing to the study of the agricultural and natural
resources in the Qazvin area of Iran. He prepared land use maps, developed a crop
yield forecasting system, and predicted the quantity of water available from melting
snow and vegetation. Boundaries were determined using 4 different bands as well as
the colour composite of these bands. Then a map was prepared at 1:500 000 on

which the following levels were distinguished: agricultural land, forest, barren land,
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hills, snow, surface water and settlement area. The result was succesful when

combined with large scale aerial photos at 1:5000.

Morris et al. (1979) investigated methods for gathering the land use and land cover
information required by the USLE from medium altitude, multi-date, colour and
colour infrared positive transparencies, using both human and computer-based
interpretation techniques. Successful results which compare favorably with traditional
field study methods were obtained within the test watershed. Computer-based
interpretation techniques were not capable of identifying soil conservation practices,
but were successful to varying degrees in gathering other types of desired

information.

In the English Lake District, Anderson and Tallis (1981) successfully mapped land
cover changes and the aerial extent of erosion features from aerial photographs.
Singh (1986) has identified three aspects of using aerial photographic data in relation
to the assessment and mapping of landcover changes. The first is that of detecting
changes in landcover; the second lies in the identification of the nature of the change,

and the third involves mapping the aerial extent of the changes.

Acton and Stonehouse (1972) used 70mm photography in conjunction with the 1971
program of the Canada Centre for Remote Sensing in a soil survey program. The
photography included green (0.39-0.52;sm) and red (0.56-0.70um) bands on
panchromatic black and white film as well as infrared on black and white and colour
film. This imagery was evaluated for suitability for soil resource mapping in
comparison to conventional panchromatic photography. Low reflectance from bare
soils restricted the usefulness of infrared black and white to vegetal and drainage
interpretations. There was no significant difference between the red, green and colour
infrared for general soil interpretations and none of these was of equal suitability to
the panchromatic black and white, especially for topographic evaluation. Infrared
photography, either black and white or colour, appears to be more meaningful later in
the season, such as mid to late July and into August when native vegetation or crops
are more advanced and likely to be reflected by soil features. From 70mm images it

was difficult to single out any one of the red or green visible or colour infrared bands
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as being generally superior to the onothers. Black and white infrared was suited only

for distinguishing drainage and vegetation features.

Prasad et al. (1988) used Landsat data for mapping soil and land resources in
northern Kamataka, India. They prepared a false colour composite of Landsat
imagery at 1: 250 000 supplemented by field investigation. The soil and land
resources map thus prepared formed the basis for determining land capability, land
irrigability and suggested land use. A false colour composite was visually interpreted
for physiography, based on differences in tone, texture, or a combination of these,
and a pre-field physiographic map was prepared. For each Landsat scene of 185x185
km, about 15-20 sample strips were selected and 30 soil profiles were recorded in
each, giving about 500 profile observations per scene. They concluded that by
adopting remote sensing techniques supplemented by adequate field investigations, a
reasonably accurate soil and land resource map at 1: 250 000 scale could be prepared
speedily and economically. For the Lar basin SPOT (20m) , KFA-1000 (5m) and
aerial photographs with Landsat TM were used to increased the results accuracy.
Thus, against this background, aerial photographs have been employed in this
research to obtain precise information on the extent of landcover changes in the Lar
Dam Basin. The approaches described above show low high resolution space imagery
in combination with conventional aerial photographs provide useful, fast and

inexpensive means of classifying and forecasting changes in large watersheds.

2.5.4 Fluvial Features

Stream flow is one of the most prominent agents of landform sculpturing, whose
effects are seen almost everywhere large quantities of sediment are removed,
transported and deposited by rivers, thus modifying the land surface configuration
(Baker 1986). The fluvial landscape comprises valleys, channelways and drainage

networks.

Gugan and Dowman (1988) demonstrated, using maps at 1: 50 000 and 25m
contours, that the enhanced spatial resolution available from TM and SPOT data
allows significantly greater geomorphic information to be obtained than from the
Landsat MSS. Frances and Hedges (1986) compared MSS and TM data and showed
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that the latter provided much more information. Table 2.2 shows a comparison of
channel lengths and drainage densities discernable from TM and MSS data when
compared to black and white aerial photographs and maps in North Wales, UK.

Table 2.2: Comparison of channel lengths and drainage density from
different data (after France and Hedges, 1986).

250000 22.2

|
|
100000 T 88.8 o 038
T1:50000 1 1215 T 052
| |
T1:50000 1 222 s

Rahn (1979) used aerial photographs and satellite imagery to determine areas of bank
erosion along the Missouri River, USA. Cloud-free Landsat images were obtained in
1973 and 1976 and in an 88 km reach, total erosion of 890 hectares and total
accretion of 810 hectares were estimated. Imagery was enlarged to 1:62500 for
determination of temporal changes. In order to quantify the eroded area it was
required that discharge was about the same at the time of both aerial surveys. This
study concluded that it is possible to periodically assess areas of erosion and
deposition and it is anticipated that more researchers will be able to utilize satellite
imagery for temporal fluvial studies as more data become available. Holz and Baker
(1979) utilized Apollo photographs for a study of the fluvial morphology of western
Amazon streams. Imagery from the ASTP Earth observations and photography
experiment MA-136 was found to be useful for a variety of morphological
measurements. They were able to distinguish three major river types on the basis of
sinunosity (P) and other properties. Channel widths and meander wavelengths were

also easily determined.

Barber et al. (1990) measured historical sediment concentrations from archived
| Landsat MSS imagery. The study site chosen for this investigation was Southern
Indian Lake, located in northern Manitoba, Canada. Three satellite images were used,

two acquired on July 1, 1988 and one on May 24, 1977. Their results show that
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standardization of tonal distributions between different image dates, within a single
band, do not meet their requirements of the concept of universality. However,
standardization combined with a transformation to spectral radiance provided a

technique which could be considered statistically universal.

Somma and Francois (1987) used remote sensing from a geomorphological
reconnaissance of a semiarid mountainous region in northern Canada, including
deposits and erosion features of glacial, periglacial, marine and fluvial origin. They
present the results of a supervised classification with twenty one themes. It was a
preliminary stage before trying to correct for topographic effects. In fact, the rugged
relief of the region presented numerous problems for the automated analysis which

could be minimized.

Roberts and Liedtke (1985) used colour and colour infrared photography to identify
digitally, with an Eseco transmission densitometer, suspended surface sediment
concentration in the Fraser River plume Canada. The photographic resolution of
sediment concentration was satisfactory providing good separation of sediment
differences as small as 30 mgl”. Liedtke et al. (1987) used a video system to provide
separation for sediment values to within 5 mgl™.

Franklin et al. (1987) interpreted the geomorphology of a high relief, glaciated
environment in the southwestern Yukon. A discriminant procedure was used and the
results compared between a Landsat MSS classification, a geomorphometric
(variables were elevation, slope, aspect, relief and convexity) classification, and an
integrated classification. Overall classification accuracies were 60%, 75% énd 85%
respectively, based on 650 pixels from control areas. These results support and
confirm the important role of ancillary data sources such as elevation models in the

analysis of complex terrain using satellite imagery.

Royer et al. (1984) utilized Landsat images for geomorphological interpretation of an
area of southern Quebec, Canada. For all of the area there was a Landsat image
geometrically corrected to a scale of 1: 50000, a multispectral and panchromatic
simulation of the SPOT HRYV detector, a thermal inertia image generated from an
albedo image, two thermographs (diurnal and nocturnal), and 20 high-resolution
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synthetic aperture radar images in the X and C bands (H polarization). A digital
comparison of the spectral signatures is given for 15 test sites defined by the type and
nature of the loose deposits, and by their physical characteristics. Variations in the
signature obtained with a Transformed Vegetation Index (TVI), thermal inertia and
the radar return echo in the X and C bands were examined with respect to water
content and /or drainage and relief parameters. Thermal inertia allowed bare ground
having a high water content to be distinguished, but in areas of vegetation cover it
seemed to be more closely related to the total biomass or the water content of the
plants. Low amplitudes, which were due to saturation, did not allow indirect analysis
of drainage conditions related to granulometry.

Pickup and Chewings (1987) used Landsat MSS data for forecasting patterns of soil
erosion in central Australia. They presented a model based on the erosion cell mosaic
approach, which exploits the high degree of temporal and spatial autocorrelation in
the erosion process on flat alluvial plains. This model expresses each pixel value as a
function of those of its neighbours plus a noise term. Testing of the model against
observed change indicates that it is reasonably accurate as long as the underlying
pattem series is obtained from imagery in which there is sufficient vegetation cover
for the soil stability index to be a sensitive indicator of the state of the landscape. This
study has shown that predictable changes occure in the variance and spatial
autocorrelation function of soil stability index values derived from Landsat MSS data
as a landscape degrades or recovers. The changes do not occur randomly in space.
Instead, they accentuate existing erosion and deposition structures in the landscape.
These processes can be simulated and forecasted using simple simultaneous
autoregressive (s.a.r.) models making it possible to identify areas most susceptible to

change.

Biwas (1978) utilized a Landsat false colour composite at 1: 250 000 to obtain data
on catchment and land resources in the Rengali river catchment, India. Visual analysis
was used to delineate the easily distinguishable land units and the most important
image characteristics in conjunction with field validation. Visual analysis was also
used with field checks of the Landsat FCC (band 4, 5 and 7) at 1:1 000 000 scale for
the delineation of physiographic units, and the area was interpreted on the basis of

image characteristics to produce the recognition keys and their corresponding
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geomorphic units, and soils were examined in the field to prepare a soil map. This
study was useful for classification of various geomorphic units for a large area (about

168 000 hectare).

Chidley and Drayton (1986) used simulated SPOT imagery in hydrological mapping
in Wales. Imagery with a variety of landscape unit characteristics alone was found to
be inefficient, and the use of the thematic information was found beneficial. The sites
were over flown on several different times and days. Subscenes of 512x512 pixels of
particular areas of interest were then extracted and enhanced. Streams were drawn
directly from the SPOT photoprints at 1:50 000 (10m resolution). The images were
sufficiently clear for cultural features to be easily recognized and for the
interpretation to be similar to that for aerial photography. Drainage maps were drawn
for the three spectral ranges independently. One major catchment boundary was
drawn using drainage and topographic details interpreted from the images. The
drainage network for each catchment was compared with the network extracted from
1:50 000 Ordnance Survey maps. They found that the technique of density slicing in
band 3 was extremely effective for identifying bodies of open water. The most
efficient approach was to do this interactively, roaming through the image in zoom
mode, noting the line and row numbers and the bodies of water which were
identified. Using this method they could map bodies of water of less than 0.5 ha. in
area, which compares favorably with the figure of 24 ha. achieved using Landsat
MSS (NASA 1977). The SPOT system could map drainage networks to an order of
magnitude better than the Landsat MSS, mapping better at 1:50 000 than Landsat at
1:250000 but the percentage of the network mapped by SPOT was lower than
expected.

Chidley and Drayton (1985) observed British catchments and found that drainage
networks could not be mapped reliably from Landsat data at 1:250 000.
Nevertheless, they found that main rivers could be mapped with an acceptable level
of confidence, and that catchment areas and stream frequencies could be estimated to
an accuracy appropriate to simple hydrological models based on geomorphic
parameters. In contrast to earlier work they found that although winter imagery gave
the greatest detail of stream networks, the detail was not consistent over the whole

area and could not be relied on to give good estimates of dramage density. Summer
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images showed far less detail, but provided much improved correlations with

accepted values.

Govindarjan (1985) used remote sensing for identification of hydrogeological
conditions in the southern part of Tamil Nadu, India. His method includes two
phases. In the first, a satellite remote sensing survey was carried out during 1977-79.
This was followed by systematic ground water investigations in the above area. The
satellite remote sensing survey was carried out using 1:250 000 Landsat data.
Landsat imagés of 1:250 000 scale in bands 4, 5, 6 and 7 and false-colour composites
were analysed visually. Using the results of Landsat analysis and ground data,
thematic maps (such as land use, soil, geomorphology) were prepared. Using the
above results, hydrological conditions were evaluated for the different geomorphic
units and potential groundwater zones were delineated. The second phase was carried
out for 4 selected test sites, and involved mapping of the microlevel hydrological
features, which were correlated with the findings from the first phase. Aerial photo
interpretation was made at 1:60 000 scale. Geological and geomorphological maps
were prepared and detailed field checks and collection of ground data were made. By
integrating the above results, hydrological conditions were evaluated for the different
geomorphic units and the potential groundwater zones were identified. The field
check supplorted the remote sensing data and produced satisfactory results after their

combination.

Astaras et al. (1990) carried out a drainage system analysis and compared Landsat-3
RBV (Return Beam Vidicon), Landsat-5 TM and SPOT PA (Panchromatic)
imageries covering the central Macedonian district, Greece. The main findings were:
(A) SPOT PA stereopair diapositives at 1: 20 000 can be used to map drainage
systems to within an order of magnitude, slightly more readily than TM imagery at 1:
125 000, but significantly more than RBV imagery at 1: 25 000 scale. This slight
superiority of SPOT imagery over TM implies that the greater spectral range of TM,
vastly outweighs the advantage of SPOT's superior resolution, but not the superiority
of it's stereoscopic view; (B) TM imagery can be used to map drainage systems to
within an order of magnitude significantly better than RBV imagery; and (C) RBV
imagery can be used to map drainage systems to an order of magnitude, less than

topographic maps at 1: 50 000 but better than those at 1: 100 000. The interpretation
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of the RBV, TM and SPOT images was accomplished by the incorporation of a
technique similar to that used in photointerpretation. The near-infrared band 7 was
used as this offers the best detection of drainage lines.

Gardner et al. (1988) used SPOT PA data for fluvial network analysis. Euclidian
distance classification of the data was used to delineate ephemeral fluvial networks on
low-relief, alluvial fan surfaces in an arid basin in the SW U.S.A. The SPOT classified
channel network was registered to a universal transverse mercator (UTM) projection
and compared to data extracted from US soil survey topographic maps and black and
white aerial photographs. One-pixel and two-pixel proximity searches of the SPOT
classified image correctly classified over 8% of the area of channelized flow, 77% of
the second order and greater channel network, and 98% of the fourth order and
greater channel network. The SPOT channel network was simplified by elimination of
lower-order channel segments to produce a network closely resembling (in terms of
number of channel segments and total channel length) a network created for

hydrological modeling from topographic maps or aerial photographs.

Sgavetti and Ferrari (1988) utilized TM data, in the Po and Adige rivers, Italy for
investigation of a deltaic depositional system. Several interactive processing
techniques were applied to a large volume of TM data relative to different spectral
bands and acquisition dates, to enable identification of sedimentary bodies. The
results showed association of genetically related depositional elements, so allowing

the interpretation of developmental stages of depositional environments.

Ali et al. (1988) utilized Landsat MSS at 1:50 000 and aerial photographs (1:70 000)
for water resources investigations in Tone river basin, India. Stream networks were
clearly picked up in the mountain region and to some extent in the piedmont zone.
This information can be better extracted from aerial photographs because of stereo
viewing capability. Digital analysis of CCT data provides discrimination of landuse

and landcover types along with estimation of their areas.

An important consequence of identifying fluvial features is investigation of erodible

areas in a basin. Drainage networks, slope, channel characteristics and physiographic
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conditions are significant features for this assessment. This information can also be

useful in estimation of depositional areas and volumes.

Hutton and Dincer (1979) used Landsat imagery to study the Okavango Swamp,
Botswana. This was used to calibrate a mathematical model of the area and the flow
distribution. By using the imagery to measure the area and observe the shape of the
Swamp and its subsystems, it was possible to estimate the depth and flow rates, since
these were correlated with the horizontal dimension of the Swamp. The imagery was
also useful in assessing the relative importance of evaporation from surface water and

transpiration from Swamp vegetation.
2.6 SUMMARY

This section has demonstrated that, by using imagery and available large scale
topographic maps, estimation of sediment delivery can be made some extent with a
limited amount of field checking for assessment of soil loss and prediction of
depositional and eroding areas, SPOT and TM can be particularly useful when
combined with aerial photographs or any high resolution (<10m) satellite data.

Remote sensing data including aerial photographs have been reviewed for the
different types of land surface features and changes which are found in the Lar basin.
Aerial photographs are of most use for mapping soil erosion because most
geomorphological features were visible in stereoscopic images. Sequential aerial
photographs, can also be used to determine the nature and location of land surface
changes. This information can be used in conjunction with field observations and old
topographical maps from the study area. For soil characteristics the major problem of
using aerial photographs lies in correlating the various colours found on the images
with soil conditions. Variation in film exposure and development, and vegetation

masking of eroded areas can cause interpretative problems.

This literature review has identified significant gaps which it is aimed to address this
research. This suggested that a successful way of estimating sediment erosion can be
from plotting from conventional aerial photographs, which need ground control

points and sequential photographs for selected sites. Classification of land cover is
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not successful unless combined with high resolution data and field checks. Thus, for
achieving this aim for vegetation, morphological changes and soil characteristics high

resolution satellite data, aerial photographs and field checking are all required.

By using image processing techniques the maximum use is made of the available
information. The accuracy of the classified image affects the final estimatés which
depend on image resolution and the technique. All of the techniques described above
showed that remote sensing data processing can be useful for appraisal of physical
characteristics, especially in inaccessible and large areas. Both SPOT and TM are
useful for preparing management plans for these relatively remote upland areas. It is
important to emphasize that, for successful identification and discrimination of
vegetation, bare soil, deposition area and erosion, digital images need: 1) more
integration of spectral information with spectral class so that internal variations
remain at minimum, which would enhance the class variation and hence improve the
classification accuracy; ii) more spectral bands at the longer wavelength, such as the
Landsat TM band 5 and 7 and SPOT wavebands 1 and 2 are essential. Therefore
increasing the number of spectral bands would increase the possible number of band
combinations that might help in better identification and delimitation of
morphological units and hence would reduce the misclassification between them. In
the second stage aerial photos can be useful, following remote sensing data for
deriving physical characteristics, and assessing their magnitudes, (eg. Volumes of -
erosion) which seems to be a significant gap in the reviewed literature. The best
analytical method for the purpose of mapping and quantifying deposited soil is field
survey and stereoscopic analysis on remote sensing data, which gives useful
information of alluvial features. Although these techniques are perhaps adequate from
remote sensing, field work is necessary and can complement them and ensure reliable
results.

2.7 PREVIOUS WORK IN THE STUDY AREA

2.7.1 Geology and Petrology

The Alborz Mountains (Figure 2.10) are a continuation of the Alpine-Himalayan
mountains, which are complex, asymmetric belts of folded and faulted rocks. The
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Alpine orogeny of the Iranian Ranges is characterized by the absence of nappes
present in the European Alps (Stoklin, et al 1964). The compressive stress of Alpine
orogeny resulted in thrusts and high angle reverse faults in the Central Alborz and a

wide range of fold systems throughout the mountain chain.

Gansser and Huber (1962) produced a scheme for the broad tectonic subdivision of
the Alborz which was subsequently adopted by later workers. The study area was 50
km northwest of the Lar basin, within which Cambrian formations overlying a
Precambrian metamorphic base were recorded. They also published a structural

stratigraphic subdivision of the Alborz Range.

There has been a little geological work in the study area but no previous
geomorphological study has been conducted. Early investigations of this region
including those of Tietze (1887) into the area of Damavand volcano, and several
geologists, especially Stahl (1897, 1911) have provided descriptions of traverses
along the Jajerud and Lar valleys, and an initial stratigraphic outline of northern Iran.
Further stratigraphic information was provided by Morgan (1905), but it was not
until Riviere (1934) that the first detailed stratigraphic framework for the Central
Alborz was proposed. These early workers, recognized the influence of Damavand in
controlling the creation of a lake in the upper Lar valley and the development of the
modified drainage pattern in the area. Baily et al. (1948) reported some geological
observations on Kuh-e-Areh, around Ab-Ali and within the Lar valley.

Assereto (1966) produced a detailed map at 1:50 000 showing the geology of the
entire area covered by this present study, and the associated notes described the

geological succession in some detail.

The area studied by Allenbach (1966) included Damavand and the area toward the

south and east, totaling 2000 km2 immediately to the east of the area covered by
Assereto (1966). The geological history of the area was described and much detailed
work on the petrography and petrology of the Damavand volcanic rocks was
reported. C'* dating on a sample of plant debris from the terraces in the lower Lar

valley suggested a minimum age of 38500 years which was said to indicate a
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probable age for the Lar terraces. Sussli (1976) gave a detailed account of the lower

Haraz valley.

2.7.2 Stratigraphy

From 1905 to 1930, only palaeontological studies were published on the region, and
these dealt mainly with the Mesozoic (Douville, 1904; Fischer, 1914, 1915;
Krumbeck, 1922; Emi, 1931). Ovcinnikow (1930) described the region between Ab-
Ali and Damavand, particularly emphasizing the lithostratigraphic sequence, but with
maccurate structural interpretation. Bohne (1932), described the Shemshak region,
and produced a 1:100 000 geological map with two accurate geological sections. The
geological succession established by the above authors is reported in Figure 2.11.

The stratigraphy of the area owes much to Stocklin et al. (1964) and the
palacontology of the formations is provided by several authors especially, Fantini-
Sestani (1965) and Assereto (1966). The overall structure of the region has been
described by Stoklin (1986).

Dellenbach (1964) studied the area lying to the immediate south of the region under
investigation. The time-stratigraphic subdivisions adopted in his work are shown in

Figure 2.11.

2.7.3 Sedimentology

Bout and Derruau (1961) developed the concept of there being two main periods of
sedimentation in Lake Lar. A brief description was given of the sediments within the
basin, which are not typically lacustrine in character, laminated and varved deposits
not having been observed. They mterpreted the upper part of the sedimentary
succession as being of fluvial origin. Associated work, reported in the same paper on
the pollen from the clays in the Lar Dam Basin indicated that at the time the
sediments were being laid down the climate in the area was a little drier, and possibly

a little colder, than at present.
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2.8 GENERAL SUMMARY

This chapter has demonstrated that using sediment estimation models, remote sensing
imagery and aerial photographs, estimation of geomorphological changes and

sediment delivery can be made with an adequate amount of field work.

Thus, these approaches, which require a field survey, may offer a technique for
relatively rapid appraisal of areas susceptible to erosion and may also enable some
assessment to be made of the likely sediment delivery potential. Both of these are
useful for preparing management plans for these relatively remote mountainous areas.
This is especially valuable given the limited budgets available to the planning
authorities, such as the Lar Dam Basin Authority. Care must be taken with the exact
soil loss figures determined, which should only be taken as first approximations, until

further refinement of the parameters involved is obtained.

Remote sensing information can offer significant advantages over traditional methods
in detecting, monitoring and measuring various particularly in inaccessible
mountainous areas. However, very few of the remote sensing investigations carried
out have attempted to quantify the amount of soil erosion occurring in semi-arid
mountainous areas. It is suggested that remote sensing can be used to make a rapid
first approximation of the erosion in an area and to rank different parts of a
watershed according to the potential for erosion, so minimising the need for extensive

field investigations and maximising the use of limited resources.
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INTRODUCTION

The aim of this chapter is to explain the methods employed in this research. Estimating
changes in sediment supply within the Lar Dam Basin formed part of a more extensive
investigation into the deposits downstream of the confluence of the Lar with the Dalichai
and Sefid-Ab Rivers and the Lar Lake. The investigation techniques utilized were
developed and modified during the study and their success is reflected by the detail with
which it has been possible to estimate the morphological changes and sediment
classification within the study area. In general terms, the investigations consisted of:

(a) Remote Sensing interpretation; (b) quantitative analysis of hydroclimatological data;
and, (c) field observations including, geomorphological mapping, echsounding, control
point survey, and vegetation assessment. These various aspects of the overall study are

described below.

3.1 REMOTE SENSING DATA INVESTIGATION (RSDI)

3.1.1 Objectives

The precise objectives of the remote sensing data interpretation were:

(1) to identify hill slope, river morphology and vegetation changes during the past 50
years in the Lar Dam Basin; (2) to identify the nature and types of erosion which have
occurred in the area; (3) to produce geomorphological, and vegetation maps for the basin;
(4) to estimate sediment delivery volumes using photogrammetric analysis; (5) and, to

assess the accuracy of existing maps.
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3.1.2 Aerial Photographs

The first remote sensing technique employed was stereoscopic analysis of air photographs
taken at different times, including pre and post-dam construction. Three sample areas with
different physical conditions were selected for study: (1) Dalichai, which is a volcanic area
of 196.3 km?2 (2) Sefid-Ab (119.3 km?2) as a middle sized sub-basin; and, (3) Lar (414.4
km?2 at Gozaldarreh) as the main stream in the basin transporting the most sediment. Air
photos from the following dates have been used:

1955 at 1: 55 000, 1970 at 1:20 000, 1983 at 1: 5 000, and 1991 at 1:10 000 scale. Two
pairs of stereo KFA-1000 photos (1990) for the whole of the Lar Dam Basin were also
used at 1:270 000 scale. All of these photographs were taken in September and so are
comparable. The photographs of 1955, 1991 and KFA-1000 (1990) were provided by the
Iranian Army and 1970, 1983 photographs were obtained from the Iranian National
Cartography Centre (N.C.C).

In order to identify the erosional features, the classification followed by Leuder (1959),
Sharp (1960) and Poole (1969) was applied. The main erosional forms identified were
sheet wash, and gulling. Sheet washes as defined in this study includes slope wash where
no significant channelization by natural overland flow has occurred. The major type of soil
erosion in the Basin includes sheet wash, rill, gully, and stream channel erosion. Both
sheet and rill erosion are widespread on the photos of the Sefid-Ab, Lar and the south
side of the reservoir. The interpretation of erosional forms on the air photographs of the
Lar Basin was as follows:

Bare soil exposures depicting sheet erosion registered from white to light grey and there
was also frequently a sharp tonal contrast between the areas affected by sheet erosion and
these adjacent areas which showed no effect at all. Rill erosion was reflected in several
patterns depending on slope conditions and on the stage of rill development. Occasionally
it was difficult to determine from the photographs precisely when the rills become gullies.
Gullying includes those deeply incised channels which have exposed or completely
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removed the overlying sediment. The criteria developed and used to recognize and

distinguish gullies from rills are:

gullied channels are deep and wide in comparison to rilled channels; tributary channels are

numerous; channels are generally intermittent, but seepage may occur in some channels
and where this occurs the moistened sections of the channel register a dark grey tone in
contrast to the background. Considerable rill wash was usually associated with gully
development. The channels of gullies register in grey tones from moderately dark to light
especially where the channels have water in them. Rills usually form parallel to sub-
parallel channels and sometimes have an anastomosing pattern. Sheet wash was

associated with rill wash, confined to the areas between channels.

In order to estimate the amount of sediment contained within the depositional features of
the rivers (Dalichai, Sefid-Ab and Lar alluvial fans), the height and location of control
points were surveyed using known and heighted points on the maps. For each area of
overlapping aerial photographs including each selected river delta), at least 4 control
points were extracted. For Dalichai and Sefid-Ab sites, contour lines provided by
photogrammetry from aerial photographs of 1955 and 1970 were compared with 1945,
1:25 000 topography maps in order to quantify sediment delivery in the selected areas.

3.1.3 Satellite Remote Sensing Techniques

As well as aerial photographs, satellite remote sensing was used in order to classify and
map the major land surface types of the Lar Dam Basin. The data sources used were:
Landsat MSS and TM, SPOT Xs and KFA-1000 in black and white and colour.
Information obtained from these in conjunction with the air photos were used to estimate
sediment supply within the study area. SPOT images were used for selected sites where
they are especially useful for identifying geological features (such as intrusive bodies and
faults), the drainage network, depositional areas and vegetation. The SPOT scene of the
study area was acquired in June 1987. As there were no detailed geomorphology or

erosion maps of the area in order to provide reliable surface reference data (SRD), air
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photo and stereo pairs of KFA-1000 images were used prior to the analysis of the SPOT
images. The following maps were produced from this interpretation:

geomorphology; vegetation; topography and hydrography; and slope maps at 1:50 000;
and lithology and morphotectonic maps at 1:100 000 scale.

It is recognised that the spectral characteristics of land cover types are mainly controlled
by energy-matter interactions. The proportion of energy reflected, and transmitted for
each land cover type varies depending on material type and condition (Lillesand and
Kiefer 1978). Some physical factors like geology, landforms, soil characteristics, climatic
conditions, vegetation cover and topography influence the spectral reflectivity of land

covers (Smedes 1975; Curran 1980).

Any effective use of remote sensing data closely depends on the relationship of pixels to
object sizes and the spectral and spatial resolution of data. Morphologic changes in the
Lar basin are mostly of small size. Therefore, for proper identification and delineation of
this area it was apparent that the sensors with higher spatial resolution or a small field of
view would be the most useful. For example, Landsat Multispectral Scanner (MSS), with
79 metres spatial resolution would be of less use than the Landsat Thematic Mapper (TM)
and SPOT Multispectral, both which have higher spatial resolution, 30 metres and 20
metres respectively. Thus, in this research Landsat TM, airtborne SPOT Multispectral and
KFA-1000 data have employed as the main remote sensing data sources. These remote

sensing data were supplemented by sequential air photographs and field work.

At the time of the photography (September) most of the land was being grazed; this is
suitable for interpretation of geomorphology but made identifying vegetation difficult.
Precision photography was used to enlarge a 1:270 000 KFA-1000 of the Lar Dam Basin
to 1:100 000. This enlarged photo then acted as a base m.;ip for one-to-one transfer of the
interpreted phenomena from SPOT and air photos. The resulting maps were used as
surface reference data (SRD) for the subsequent analysis of the SPOT data.
Interpretation of some features and some areas was difficult and so field checks were

undertaken in the summers of 1993 and 1994. SPOT Xs images of the area acquired on
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June 1987 were obtained from the Agriculture Ministry of Iran on floppy disks. Three
sub-scenes of 512x512 pixels each were selected for analysis covering the area of
Dalichai, Sefid-Ab and Lar. The scenes were processed and analysed using Dragon image
processing software (Goldin-Rudahl Sys. 1992).

Both visual interpretation and digital analysis of the images were used. Digital analysis
was carried out by both supervised and unsupervised classifications using sequential
clustering. In supervised classification the image analyst "supervises” the pixel
categorization process by specifying, to the computer algorithm, numerical descriptors of
the various land cover types present in a scene. Like supervised classifiers, the
unsupervised procedures are applied in two separate steps. The difference is that
supervised classification involves a training step followed by a classification step but in the
unsupervised the images are first classified by aggregating them into the natural spectral

groupings, or clusters, present in the scene (Lillesand and Kiefer 1994).

Different enhancement techniques such as filtering, band ratio, and histogram stretches
were carried out for visual interpretation. Overlays of filtered bands 1 and 2 and those of
linear stretches of bands 2 and 3, as well as the composite images of filtered bands 1, 2
and 3 were also used for visual interpretation (Figures 3.1 and 3.2). In the remainder of
this chapter the techniques of image processing which are directly used in this research are

described.

3.1.4 Digital Image Processing

In order to map landcover changes this method is best, especially for inaccessible areas in the
Lar basin. In the following pages the principles of Image enhancement and Image
classification which are used are discussed. These are useful techniques for identifying land

surface changes in the Lar basin.
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Figure 3.2: Digital image processing of satellite data.
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3.1.4.1 Image Enhancement

The purpose of image enhancement is to render the images more interpretable, i.e. some
features should become better discernible, which generally occurs at the cost of some other
features which may be relatively unimportant in that specific context. It must be emphasized
that the digital image should be corrected for radiometric distortions, prior to image
enhancement, otherwise the errors also become enhanced. It is also possible to convert DN-
values into absolute radiance or reflectance (physical) values before processing, enhancement
and interpretation. The original satellite data, however, are generally poorly calibrated, and it
is not considered worthwhile to attempt deduction of absolute physical values in most cases,
as only relative DN-values are quite sufficient. There are no rules for producing the single
"best" image for a particular application. A variety of digital filter (smoothing and enhancing)
both in the space domain and in the frequency domain can be applied to data. The
enhancement is successful if the analyst judges image appearance to be satisfactory.
Secondly, image restoration is applied as a preliminary to digital analysis, but image
enhancement prepares an image exclusively for subsequent manual interpretation. Thus when
the analyst applies image enhancement procedures, there need be little concemn for its
statistical effects upon image data, a concern that should always be present when image
restoration is attempted. The area of the ground represented by a multispectral SPOT pixel
over a 60 kilometre swath requires an array of 3000 detectors per spectral band, sampled
every 3 milliseconds, while a panchromatic pixel over the same swz;th width requires 6000
detectors per line, to be sampled every 1.5 milliseconds, thus producing a formidable amount
of data which can only be successfully analysed by electronic image processors. Image
enhancement can be divided into four main groups as: Single image manipulation, Multiple
image enhancement, Enhancement by using colour, and Enhancement by synthetic stereo.
The techniques used below were those which enabled identification of different

morphological changes in the Lar basin.
3.1.4.1.1 Single Image Manipulation
The techniques developed over many years in the field of classical signal processing (e.g.

Pratt 1978, Castleman 1977, Rosenfeld and Kak 1982) can also be advantageously applied to

individual band/channel remote sensing images. The main types of these are as follows:
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Contrast stretching (Fig.3.3-a and b), linear contrast streching or enhancement (Fig.3.3-c and
3.4-a,c), histogram stretch (Fig.3.3-a), special stretch (Fig.3.3e); multilinear stretching or
piece-wise linear stretch (Fig.3.4-b); gaussian stretching; histogram equalization (Fig.3.4-d);
density slicing (Fig.3.4-¢); edge enhancement (Fig.3.5-a,b,c); and image smoothing (Fig.3.3,
3.4 and 3.5).

From the above techniques (used in this research) only those which were most useful are
described below. For more detail on the others see Jensen, (1986), Richard, (1993) Lillesand
and Kiefer, (1994).

(1) Gaussian Stretching

Another scheme of grey scale manipulation is gaussian, in which, the new grey scale is
computed by fitting the original histogram into a normal distribution curve. It renders greater
contrast in the tails of the old histogram, so that the cut-off limits of the old histogram are
more critical in such a scheme. Gaussian stretching was useful for identification of bare soil

and landslide areas in the Lar basin.
(1) Histogram Equalization Stretching

This is also called ramp stretching, cumulative distribution function stretching or uniform
distribution stretching. In this method, input data are assigned to the display levels on the
basis of their frequency of occurrence. Following a normal distribution, the pixels in the
middle range happen to be most frequent. This approach to stretching makes all digital
numbers equally frequent, i.e. the middle range is substantially expanded and made to occupy
a larger of DN values in the new grey scale (Fig.3.4-d). It can be said here that this is a good
transform when an individual image is to be displayed in black and white, but is not
particularly recommended for making colour displays. Stream flows, fault lines, bare soil, and
depositional areas (e.g. alluvial fans) were clearly identified using this technique in the Lar

basin.
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(11]) Edge Enhancement

Edge enhancement is an effort to reinforce the visual boundaries between regions of
contrasting brightness. Typically the human interpreter prefers sharp edges between adjacent
parcels, whereas the presence of noise, coarse resolution, and other factors often blurs or
weakens the distinctiveness of these edges. Edge enhancement is in effect the strengthening
of local contrast (Campbell, 1987). Rohde and Pohl (1978) describe an edge enhancement
procedure used at the EROS data center. Output data is calculated using the original input

value and the local average of five adjacent pixels.

Digital number plotting of a profile from one end of an image to another, could show that the
profile consists of a complex combination of waveforms (Fig.3.5-a). It can be divide into: (1)
high frequency variations (Fig.3.5-b), and (2) low-frequency variations (Fig.3.5-c). The high-
frequency variations show local changes (e.g. from pixel to pixel), and low-frequency ones
show regional changes, from one part of the image to another. The high-frequency variations
which also called edges will be discussed. The edges in a remote sensing image are
influenced by factors including terrain properties, vegetation, solar elevation, and season.
This approach is a typical local operation in which the DN-values at a particular pixel in the

new image depend also on the DN-values at neighboring pixels in the old image.

For computing of data in edge-enhancement, boxes or kernels, also called filter weight
matrices are used. Figure 3.6 shows some oft-used kernels. There are no defined kernel sizes
that would provide the best results in all cases. Dimensions of kemels are arbitrary and can
be suitably chosen, the most common being 3x3, 5x5, 7x7 and 9x9. Odd-numbered kernel
sizes are used so that the central pixel is evenly weighted on either side. Often the dimension
of the kernel size is based on trial and error. It could be also be based on some statistical
measure of the image, like the standard deviation of the first difference value in the
horizontal direction (Chavez and Bauer 1982). The Dragon Image Processing System
(DIPS), which is employed in this research, uses 3x3 filters. This means that the filtering
algorithm considers the 8-pixels surrounding the "current" pixel as the spatial neighborhood:

n X 1 Figure 3.6: Diagram of filter kernel (3x3).
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Figure 3.4: Transform for contrast stretching: (a) Linear contrast; (b) Multiple

linear stretch; (¢) Logarithmic stretch; (d) Histogram equalisation and
(e) Density slicing (after Gonzalez and Wintz, 1987).
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Figure 3.5: High frequency and low frequency components in an image:

(a) A typical profile of DN-values is a complex combination of sine wave

forms which can be split into (b) High frequency and (c¢) Low frequency
components (after Chavez and Bauer, 1982).
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X=current pixel whose value is being calculated, and n= denotes a neighborhood pixel,
whose value contributes to calculations for the current pixel. Also, in the smoothing option,

Dragon uses a kemel of all ones, as show in Figure 3.8.

1 1 1 Figure 3.7: An example of smoothing option (3x3).

To calculate the filtered value of the "current" pixel, this system multiplies each value in the
filter function by the value of the neighborhood pixel in the corresponding position. It also
multiplies the "current” pixel’s value by the value in the center of the filter. These are added
together and then divided by a scaling factor, which Dragon calculates as the sum of all nine
values in the filter, but if the sum of filter values is zero, Dragon sets the scaling factor to 1.
Therefore, the smoothing filter adds together 1 times the value of each of the nine pixels
covered by the filter, and then divides the resulting sum by nine. In other words, it has the
effect of replacing the "current" pixel’s value with the average of that pixel’s value and it’s 8

neighbours, values. Figure 3.8 shows how the edge enhancement kernel is defined:

-1 -1 -1
-1 +9 -1 Figure 3.8: The edge enhancement kernel (3x3).
-1 -1 -1

There are several approaches of designing filter weight matrices and enhancing edges in
digital images (Davis 1975, Shaw 1979, Peli and Malah 1982, and Jensen, 1986). The edge
enhancement technique was very useful in detecting terraces, gullies, scree and landslides in

the Lar basin especially on the SPOT and Landsat TM grey images.
(IV) Edge Enhancement Application for Geomorphological Investigation

As earlier described, the edge enhancement technique involves obtaining variations in Digital
Number Values (DNV) in neighboring pixels. It is also called high-pass filtering or textural
enhancement. The main aim of high-pass filtering as applied in the study area was as follows:

(1) To access a sharper image containing more details that could be related to differences in

topography, local vegetation, soil type, and morphology, to complete the related mapsj )
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Linear systems (edges) enhancement (microfractures, joints). Linear enhancement in specific
directions can also be achieved using suitable anisotropic filters, although interpretation of
such data has to be done very carefully; (3) Gross difference effects reducing illamination.
Microvariations on an edge-enhanced image become important and large patches of any
lithological unit under either bright or poor illumination are shown in similar tones. Thus it
can help in bringing out more details within a larger shadowed or uniformly illuminated zone.
A disadvantage of the high-pass filtering was that only local variations with respect to
adjoining pixels were important and absolute DN-values had no significance, e.g. uniform
large stretches of dark-toned basalt rocks and light-toned granites would show up in similar
tones in the eastemn side of Dalichai catchment (Fig. 3.9).

(V) Image Smoothing

Smoothing operations are used primarily for diminishing spurious effects which may be
present in a digital image as a result of a poor sampling system or transmission channel.
There are several ways of smoothing, like neighborhood averaging which is a straight
forward spatial-domain technique. Given an NxN image f (x,y), the procedure is to obtain a
smoothed output g (x,y) whose grey level at every point (x,y) is generated by averaging the
gray-level values of the pixels of f contained in a predefined neighborhood of (x,y). The
relation as below is involved the smoothed image, (for more datail see Gonzalez, et al., 1987,

Richards, 1993; Lillesand and Kiefer, 1994).

1

gxy)= — X f(nm) [3/1]
M (nm)es

In fact, the basic problem in employing this method is in being able to register the images so
that corresponding pixels line up correctly. Low-frequency filtering of the spatial data is the
main aim of image smoothing. In effect, its output is the reverse of edge enhancement. An
example of image smoothing is given in Figure 3.10 from the Lar dam catchment. As image
smoothing suppresses local variations, it is particularly useful when the aim is to study
regional distribution over large geomorphological domains but in Figure 3.9 from same area
shows that be useful in micro mrophological study. This method was also very useful for
identification of limestone, bare soil, lineaments, lithology and deposition areas required to

complete the related maps.
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Figure 3.10: Smoothing image from Landsat TM band-1, Lar basin.
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3.1.4.1.2 Multiple Image Enhancement

The enhancement methods have been discussed for single images so far. Their classification
was from the field of classical signal processing. One of the exceptional features of remote
sensing is that it prepares data in multiple spectral bands, which allow bands to be

superimposed over one another to identify information not readily seen on a single image.

Additionally, different sensor images, and platforms, or times can also be superimposed over
each other with geometric congruence. In order to conceptually understand the results of
combined multespectral images, it is necessary to know that two series of image data can be
statistically represented through a two-dimensional plot as feature space: the feature axes
here are the two spectral channels. In this space, any pixel location is controlled by the DN-
values of the pixel in the two features, which can be repeated on, a scattergram. The
scattergram can be approximated by a line when two channels are highly correlated (Figure
3.11-a), but two noncorrelated features produce a feature space plot in which points are
scattered isotropically (Figure 3.11-b). The concepts of feature or cluster diagrams can be
adapted to understand and discuss the various multiple image enhancement techniques, using
simplified conceptual projection diagrams. In general the SPOT spectral channels used
provide data which is generally corrected. This is shown by the pronounced elongated shape
of the data points in a scattergram of SPOT bands 1 and 2 at Kamardasht, that is discussed in
chapter 7.

3.1.4.1.2.1 Ratioing

Ratioing is the combination of one band with another and can be shown as various arithmic
combinations of the data in an image as, grey-tone images of single bands, or as three-band
colour images. This method was a useful operation for enhancing features on the SPOT
multispectral images in the Lar basin. It is used to reduce the variable effects of topographic
conditions, shadows, or seasonal changes in sunlight illumination angle and intensity.
Transformations of the remote sensing data can, in certain instances, be applied to reduce the
effects of such environmental conditions (Friedman, 1978). The output image is constructed
by computing ratio of DN-values in two or more input images, pixel by pixel. The

mathematical expression of the ratio function is:
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DNoutput =m [(DNAi K])/ ( DNBi K2)]+ n [3/ 2]

where DN, and DNjg are the DN-values in A and B input images, K, and K, are factors to
compensate for path radiance present in the two input images, and m and n are scaling
factors for the grey range. The above form of the equation would squeeze the range when
DNg is greater than A and in this case, a better alternative is to use the logarithm (Moik
1980) or arctan functions of the ratios (Hord, 1982). Image for complex ratio parameters
including additions, subtractions, multiplications and double ratios, can be produced
similarly. The ratioed image can again be contrast-stretched or used as a constituent for other
enhancements. Figure 3.12-a shows a two-channel plot in which lines of equal slopes have
been drawn. The points have the same grey tone in the output, because all points on a single

line have the same ratio value.

These ratioed data can not have information on the absolute or original values, as it
depends on the relative reflectance in the channel considered. Principally, the ratio images
enhance features when there are differences in spectral slopes (Figure 3.12-b). In this
view, a ratio image can also be considered as a representation of spectral/colour
information. The ratio values are actually influenced by path radiance including the sky-
light component. If one takes the ratio values with shorter wavelength in the numerator
and proceeds from poorly illuminated to well-illuminated topographical slopes of the same
surface material, the ratio values are found to decrease with distance, ie. in poorly
illuminated areas, the ratio values with shorter wavelengths in the numerator are higher in
comparison to those in well-illuminated areas (Kowalike and Lyon, 1983). For
geomorphological applications the advantage of ratioing is that of providing a result
which is quite independent of illumination conditions. The pixels acquire the same DN-
output value if the earth surface has the same spectral ratio, irrespective of whether the
ground happens to lie in a well or poorly illuminated zone. However, a properly made
ratio image significantly reduces physiographic effects. SPOT bands 1 and 3, 1 and 2 and
1 and 3 have been combined by this technique which was useful for compositional
discrimination of the land cover in the Lar upstream as is discussed in more detail in

Chapter 7.
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Figure 3.11: ancept of scattergrams: (a) extremely correlated feature axes; (b)
non correlated feature axes, and (c) typical scattergram using two Landsat MSS
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Figure 3.12: a Ratioing concept-figure shows a two-band plot in which lines of equal slopes have
been drawn. All points lying on any single line have the same ratio and therefore acquire the same grey
tone in the new ratio image. Therefore a ratio image depends on relative reflectance values in the
component bands and is independent of the absolute albedo values. B shows spectral curves of two
objects A and B.A, andMbeing the two sensor spectral channels. The object A and B have overlapping
spectral responses in both channels A, and A,and no single band is able to give unique results.
However, if the ratio of the two bands is taken, the spectral slopes would be given by A1-A2 and B1-
B2 lines, which makes discrimination between the objects A and B possible (after Drury, 1987).



Chapter 3: Investigation Techniques 50

3.2 HYDROLOGICAL AND SURVEY METHODS

Sediment and water discharge analysis can show the erosion rates in a basin, and be used
to estimate the amount of the soil surface that is delivered down stream over time. The
data interpreted in this research include water discharge and sediment concentration
(daily, monthly and annual) from the Lar basin, Polour and Karesang stations; all obtained
from the Ministry of Energy, Agricultural Ministry and Forest and Range Organization in
Iran.

The aim of this approach was to have stations inside the selected study area and control
stations outside. Sediment yield estimation from remote sensing data and from
echosounding might well have no satisfactory accuracy, so the results of this analysis

assist in reaching reliable results and assessing errors.

Regression analysis of sediment and water discharge was employed as a statistical tool. It
was first used for filling in missing data and extending short records at selected stations by
relating the available data at this station with that at adjacent stations. However it’s
application was broadened to cover the study of the relationship between two or more
hydrologic variables and also the investigation of dependence between the successive
values of sediment and water discharge. Therefore it was assumed that for two
neighbouring stations there should be close correlation for total annual hydroclimatic data.
For this purpose the daily suspended sediment discharge were interpreted at Polour
station, (an outlet point for the present Dam basin) over a period of 18 years together
with the discharge record for 46 years. In order to establish an estimate of these data over
43 years, the correlation between monthly average suspended sediment and water

discharge was used to extend the record.

Sefid-Ab station in the middle area of the Dam basin, Gozaldarreh on the western side of
the Lar Lake, and Dalichai station downstream have been extended by correlation with

Polour station because of their limited discharge and sediment data. Finally, Karehsang
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station some about 80 kilometres downstream of the Dam toward the Caspian Sea was
selected as a control point for estimating sediment load (Figure 3.13). From this station
the annual data for 28 years and the daily data for sediment concentration and discharge
water were extracted. Then correlation between sediment concentration and discharge
were applied to compare the different periods, before and after dam construction. The
purpose of this was to compare how the blocked Lar basin affected sediment delivery
downstream to Polour station. The same method was used for Karehsang station in order
to show any dam-influenced control on sediment supply downstream. The annual average
data of the sediment supply at Polour station was analysed to assess and compare the
accuracy of the sediment supply derived by remote sensing data. Significant changes

before and after the dam were shown by this method.

3.3 FIELD AND LABORATORY TECHNIQUES

The remote sensing interpretation of the geomorphological changes of the Lar Dam basin
deposits formed a part of an extensive investigation in the field. Many morphological
changes in the Lar basin are influenced by palaeo-sedimentation conditions. Therefore,
field investigation of landforms and sediments was an important part of this work. These
field investigation techniques were developed and modified over two summer seasons in
1993 and 1994. The selection of field sites follows those used for remote sensing

techniques to allow direct comparison be attempted.

The selected sites were: (1) in the vicinity of the reservoir/Dalichai confluence; (2) Sefid-
Ab/reservoir; and (3) Lar/reservoir (Figure 3.14). Detailed mapping was carried out to a
scale of 1: 50 000 and the final maps present all surface observations. The geomorphology
of the basin was also investigated on a more systematic basis by the production of a slope
map. Figure 3.14 shows sampled areas at Dalichai, Sefid-Ab, Kamardasht,
Chehelcheshmeh, Cheshmehkhooni and Asbkalak in the Lar basin where sediment

characteristics were sampled.
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3.3.1 Particle Size

The particle-size distribution is amongst the basic physical properties of geological
materials. The determination of these parameters is therefore essential in any attempt to
characterise fully the lithology of unconsolidated rocks (Gale and Hoare, 1991). This was
carried out to help identify where the sediments come from and how they were distributed

in the Lar basin by particle-size classification.

In the study area particle size of boulders and cobbles were measured directly in the field,
granular and sand size were measured using sieves in the laboratory and finer sediments
were measured using a variety of methods, including pipette analysis and hydrometry.
This method was used to 100 particles from each site in 7 different sample areas in the
Lar basin, were picked by a random selection procedure, from upstream to downstream
including; 2 sites in Dalichai upstream and downstream, one site in Sefid-Ab, one in the
Asbekalak, one in Khoshkehlar-Galehsardab and one in Imamzadeh Yorghidar (Figure
3.15-b, see also Figure 3.14 and Appendix Chapter 5).

3.3.2 Sieving Analysis

As mentioned above, some terraces were sampled to identify their characteristics and
origins, from Cheshmeh-khooni, Sefid-Ab, and Dalichai. Samples were analysed by
sieving and hydrometry (clay sizes). The samples from lower Lake deposits consisted
basically of grey silts with some sands and gravels. A frequency histogram of the mean
particle sizes of 38 sampled soil shows a marked peak in the fine to medium silt sizes. The
upper Lake sediments are overlain almost entirely by more recent river and reworked
colluvial fan deposits as terrace gravels. The frequency histogram of the distribution of
mean particle sizes plotted from 42 sampled soils indicates that there is a slightly wider

spread than with the Lower Lake sediments (Figure 3.15-a).
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Figure 3.15-b: Analysis of sampled material after field work.
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The location of sampled areas is shown in Figure 3.14. Sediment samples were selected to
be as representative as possible of the entire deposit; where there was considerable
variability in a deposit more than one sample was collected, e.g. Lar upstream at
Cheshmehkhooni. From this site 7 samples were collected with fine sediments and at least
200g for each sequence. One soil sample was collected at Chehelcheshmeh in the Lake
Lar west end and also one between Gozaldarreh and Sefid-Ab which were identified on
remote sensing data as deposition areas. Except for the soil sample from Chehelcheshmeh
all samples from Lar upstream and downstream as well as those collected from terrace
sections are described in chapter 5. The collected sediment samples were returned to the
laboratory for sieving analysis. They were washed, dried and split according to the
method outlined by Buller and MacManus (1973).

Each sample was sieved at 0.25¢ intervals and the resultant data plotted up as cumulative
percentage curves which are described in chapter 5. Particles were grouped into size
related categories of sand, silt and clay. This scheme was developed by Udden (1898) and
expanded by Wentworth (1922), but since most sediments have a log-normal particle size
distribution, a transformation is commonly used called the phi-scale (Table 3.1). This has

an origin at 1.00 mm and dimensionless units (phi-units) which are given by;

& = -logz (D) and D =27 [3/3]

where & is the particle size (phi-units);

D is the particle size (mm),
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Table 3.1: Phi-unit to millimeter conversion table and the size ranges.

0.125-0.25

0.0625-0.125 ! 4to3

003120625 | Stod
mediumsile | 0015600312 | 6to5
| 0007800156 | __ 7t6
[0.0039-0.0078 1 8to7

<0.0039 | >8

In the study area three different methods used for particle size: for boulders and cobbles
size was measured directly in the field as mentioned above, granule and sand sizes were
measured using sieves; silt sizes and finer were measured using a variety of methods,
including pipette analysis and hydrometry. Once plotted the median and mean grain sizes
could be extracted from the graphs. These values were obtained using the formulae given
by Leeder (1982).

Median grain size (Md) = @sy=2"2 mm [3/4]

Mean grain size () = [D16+ Dso + Tsa]/3
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Sorting (0) = [(D16- Dea)(4)] + [(D2s - D5 )/(6.6)] [3/5]

Skewness (Sk) = [[@16 + @34 -2@50 ]/[2(®84 - @15)] + [@5 + @95-2650 ]/[2(@95-®5)] [3/6]

3.3.3 Particle Shape

Shape, together with size and composition is one of the fundamental properties of
particles. The determination of the shape of particles is therefore essential to the overall
characterization of geological material (Gale and Hoare, 1991). This method is an
important element of sediment populations since it is related to the dynamic conditions
under which sediment transport and deposition occurs. The relative lengths of the three
major orthogonal axes of the particles were measured. For this aim any particle is
considered to have an g-axis, the longest axis, a b-axis, the longest axis at right angles to

a-axis, and a c-axis, the shortest axis which is orthogonal to both the a and b axes.

Zingg (1935) gives an index of the shape of the particle and how it approximates to a
Sphere, (all three axes nearly equal in length) to a Disc or Plate (with one axis much
shorter than the other two) to a Blade, (with one axis much longer and one axis much
shorter than the b-axis) or to any intermediate form. The Zingg system (1935) divides

particles into four categories are as follows;

Bladed, for which both axial ratios are less than 0.667; Discoid, for which the b/a ratio is
greater than 0.667; Roller or Prolate, for which the c¢/b ratio is greater than 0.667; and

Sphere or Equant, for which both axial ratios are greater than 0.667 (Figure 3.16).

3.3.4 Echo-Sounding

Because there is no sedimentation record for Lake Lar, field survey was required.

Therefore, a Radio Echo Sounder (Sea Farer-700) was employed, concentrating on the
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Figure 3.16: Zingg Shape Plot and Particle Shape Analysis.
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deltas of the Dalichai, Sefid-Ab and Lar rivers into the Lar lake. Positions were identified
by boat path surveying on the shoreline of tributary streams and by using a compass on
the boat. For more accuracy of bathymetry the surveys were related to absolute heights at

the Dam site.

The start and end points of each echosounding run together with intervals across the
deltas were selected and surveyed and linked to the height and location of the control
points. The equipment for this method included an echosounder, boat, compass, map and
theodolite.

(a) for each delta area, selected survey lines radiated out from centre of the delta into
deep water. With different delta conditions, nine lines at Dalichai, 11 lines at Sefid-Ab and
10 lines at Gozaldarreh were selected to define the extent and depth of the delta limits
(Figure 3.14).

(b) in the boat, the start point was fixed by compass bearings on prominent land marks
that were clearly identifiable from the boat and on map. A start reading was taken on the
echosounder.

(c) the boat then moved along fixed compass bearing out into the lake keeping at a
constant speed with the depth recorded at fixed time intervals of about 30 secs.

(d) the end point of the survey line was fixed by three compass bearings as before.

(e) for each delta a topographic map was produced to be used for sediment volumetric

estimation in combination with topographic maps and aerial photography.

3.3.5 Control Points for Aerial Photos Stereo Model

Control points were surveyed in the field for control areas and transferred on the air
photos for the purpose of making stereo models of the Dalichai, Sefid-Ab and Lar mouth
areas. These sites were selected in and near the valley bottoms, as areas of deposition.
They were precisely located and their heights accurately surveyed relative to absolute
benchmarks in the Lar Dam Basin. For each overlap area of photographs about 6 points

were surveyed as they were needed to ensure the accuracy of photogrammetry. These
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points were then transferred to aerial photographs from 1955 and 1970 from which were

derived topographic maps for sediment volume estimation.

3.3.6 Vegetation Survey

Vegetation characteristics were mapped in selected areas as controls for remote sensing
data, along with the relative erosion state of the ground. For each of the sub-catchments
of Dalichai, Sefid-Ab and Lar a small control area (maximum 10x10 metres) was chosen
for more detailed mapping of species type, percentage vegetation and bare ground cover.
As described before the Lar basin is mostly inaccessible, therefore the best technique for
land cover assessment was remote sensing data. Different classification techniques were
used to identify vegetation cover which will be described in Chapter 6. To increase
accuracy, ground control in the field and on aerial photographs were very useful.
According to type and density the vegetation was classified into four main groups. The
areas of these four groups were calculated on aerial photographs for whole basin. Finally
vegetation condition was assessed for 7 catchments including; Lar, Khoshkehlar, Alarm,
Sefid-Ab, Imampahnak, Siahplas and Dalichai, then integrated on a vegetation map of the
Lar basin. For comparison of vegetation changes between 1945 and 1994 (obtained from
old maps and sequential aerial photographs) two different vegetation cover maps were

derived which will be described and discussed in Chapters 6 and 7.

3.3.7 Volumetric Calculation of the Lar Basin Sediments

To provide a link between morphological changes and sedimentation, three methods were
used. As mentioned before, sediment concentration data covered the whole dam basin at
Polour, plus an estimation of bedload percentage for the study area. This method can be
used for a comparison of sediment budget and its fluctuation before and after dam
construction and also as a control point for the volumetric sedimentation data from the
basin. For river deltas, deposition features and terraces, echosounding data and aerial

photographs, maps and borehole data were employed to establish the upper and lower
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limits of the sediments within the various postulated contour lines, therefore an estimate
can be produced of the volume of sediment deposit in selected sites. For this purpose the

approach from Smith et al (1960) was used as follows;
V =h (A+B+VAB)/3 [3/7]

where V=volume of sediment (m®).

A, B= the areas enclosed by two contour lines (m?).

3.4 PROBLEMS

The main aim of using remote sensing data was to overcome the problem of inaccessibility
of the Lar basin. However, there are problems related to the use of remote sensing data
for this kind of discrimination. The main shortcoming was ground resolution, 79x79,
30x30 and 20x20m respectively for Landsat (MSS), (TM) and SPOT data. A second
problem in the study area was the effect of shadow due to the mountainous terrain,
especially in the Dalichai, Sefid-Ab and Lar upstream areas. Other limitations relate to
differences in the vegetation cover, which produced overlapping classes in the

classification process.
3.4.1 Topographic and Atmospheric Effects

Uneven topography leads to a varying local angle of incidence of light, so that ground
illumination and intensity of back-scattering also vary accordingly. The local landscape
position and orientation with respect to sensor and the sun are important factors in
controlling this. Slope (direction and magnitude) is thus one of the most important single
factors affecting the intensity of back scattered radiation (Stohr and West, 1985). The
reflected radiance may also vary at different times of the day. Topographical effects on
reflected radiance data can be so severe, especially in the Lar high relief area, that
correlation and extrapolation of photo units on the basis of simple tonal signatures may
some times be impossible. The Lar basin slopes are extremely steep and altitude varies
from 2200m to 5671m within a few tens kilometres. The major problem created from this

factor is that shadow is often misclassified with low reflective, features, particularly with
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the poorly reflecting dark layers of the formation and the river channels in the northern
parts of the study area, (e.g. in TM and SPOT maximum likelihood classification, shadow
from high relief areas has got the highest error of omission respectively 58% and 44%).

Haze, aerosols and suspended particles in the atmosphere increase scattering and path
radiance and should be considered at the time of interpretation of image data (Nelson,
1985). Atmosphere conditions prevailing at the time of observations play an important
role e.g. cloud cover blocks the solar radiation and casts shadows on the ground, limiting
the effective ground area to be sensed and also possibly increasing the atmospheric path
radiance to some extent. For overcome these effects on the imagery different type of data
acquired at different times and sensors were used by visual and image processing
techniques. One effective method for enhancing the suppressed detail of heavily shadowed
valley sides incorporates a ‘‘mirror type principle’” which accentuates the subtle
differences of shadow areas according to their degree of contrast with brighter adjacent
slopes. Unfortunately the software for this process was not available in Glasgow.

3.4.2 Geometric Correction

Raw digital images usually contain geometric distortions so significant that they cannot be
directly used as maps (Lillesand and Kiefer, 1994). There are a large number of
combinations of effects due to different kinds of platform instability, optical and
mechanical distortions in the radiation-gathering set up, earth curvature, atmospheric
refraction, and both parallax and scale effects resulting from topographic relief Apart
from the last two effects, these are amenable to quite simple corrections. Where precise
information about platform attitude and track relative to the Earth’s rotation is available,

this can be built into automatic correction programs.

The digital image data used in this study was geometrically corrected, and matched
against a reliable 1:25 000 base map (British Army, 1945) for the Lar basin. This map was
also helpful for correcting aerial photographs and KFA-1000 images. In order to evaluate
the geometric performance of the KFA-1000 image data, ground control points were
selected for a test area covered by aerial photographs and the 1:25 000 topographic map.
These control points were surveyed in field and after transformation to aerial photos and

topographic map then used to determine the land mapping for individual images and, on
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the other hand, to investigate the accuracy of single images and of KFA-1000 stereopairs
of the Lar basin.

It should also be noted that KFA-1000 imagery is suitable for stereoscopic analysis, in
that adjacent scenes have an overlap of 60%. In this study four overlapping images
acquired in June 1990, in order to observe topographic effects qualitatively, but have not
gone on to produce stereo models of the terrain. The following simple expression used to

calculate the heightening accuracy (A#) of this stereoscopic imagery (Rees, 1990):

Ah=(2HAh)/s [3/8]

Where H is camera altitude, AA’is the accuracy of measurement of relief displacement on
the film, and s is film width with a normal camera altitude of 270km, an estimate of 25 pum
for film measurement accuracy, and a film width of 0.3m, focal length of 1m., the
accuracy of height determination from KFA-1000 can be calculated as 45m (G. Petrie,
personal communication, 1994). Film measurement accuracy can be defined by analyst
choice of digital interval and take no account of film instability. This suggests that high
relative accuracies should be obtained for local areas, but absolute errors will increase
over larger regions due to the increasing effects of film distortion. Film distortion errors
are likely to dominant over these associated with optical errors in the lens, (Dowdeswell,

et al. 1993).

3.5 MAP PRODUCTION

As described earlier, some parts of the Lar basin are extremely inaccessible so remote
sensing data were used in map generation. Aerial photographs are the most appropriate
for spatial assessment of surfaces, but are not always good enough for discrimination of
different ground cover types. However, because of poor spatial accuracy from the SPOT
and Landsat and the better quantitative accuracy from aerial photographs, it seems that a
combination of these two methods represents the best solution for identifying boundaries

and characteristics of different classes of surface for mapping.

The primary data source for mapping the land cover was corrected aerial photography,
and colour KFA-1000 obtained by Iranian Geographical Organization at 1:50 000 and
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1:270 000 respectively. KFA-1000 coverage was obtained in June 1990 (high vegetation
season), and aerial photographs in September 1955 (early snowing season). Growing
season SPOT and Landsat from June 1987 and September 1988 were also available for
the Lar basin. All KFA-1000 images were of good to excellent quality but because of
(1:270 000), enlargement was needed to aid the land cover interpretation. Thus they were
to enlarged to at 1:100 000, and used with the base maps at 1:50 000 (vegetation, soil
erosion and geomorphology) and a 1:100 000 soil map.

A mapping scale of 1:50 000 was selected for several reasons. The interpretable limit of
1:50 000 aerial photos with high quantitative accuracy presents larger scale mapping. The
small size of some areas of particular land cover classes (e.g. gully or slope scree)
necessitated a large mapping scale. The 1:50 000 topographic and geology maps of the
basin cover all of the sample test sites in a reasonable number of map sheets, and includes
other data including topography, morphological features, vegetation, soils and
surrounding drainage patterns. These established maps series meet the national map
accuracy standards and provide reliable a geometric control for the Lar basin and its land

surface classes.

The land cover classes delineated on the SPOT and Landsat images were also identified
manually on the KFA-1000 imagery, by using field checking in the accessible areas and
aerial photograph control for the more inaccessible parts of the study area. This assisted in
modifying the selected sites (classes) to maximise the information derived from the remote
sensing data. Interpreted data were then transferred to the appropriate 1:50 000 map. The
registration of the land surface data was accomplished by the use of visual interpretation
and co-ordinate locations. For the less detailed SPOT and Landsat images, colour KFA-
1000 was helpful, because it was up to date (June 1990). A KFA-1000 stereoscopic
interpretation key was developed for each test site and was especially useful for plotting
vegetation and geomorphology in the Lar basin. In addition, a morphotectonic map
derived from KFA-1000, with aerial photographs and field checking was produced. A
1:50 000 slope angle map was also produced from the topographic map.
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3.6 SUMMARY

In general terms, the field investigation consisted of surface observations in natural and
artificial exposures, sub water surface investigations, utilizing Echosounder and sinkholes,
laboratory testing of selected samples, and field surveying in three sites of Dalichai, Sefid-
Ab and Gozaldarreh. The holes, both natural and drilled, before and after the Dam were
very helpful for interpretation of morphological changes and sedimentation in the Lar
basin. Remote sensing techniques including aerial photographs were very useful in
identifying land surface characteristics and morphological changes which were combined
with field on the and completed morphology, lithology, vegetation and morphotectonic
maps. For sediment volumes, combined data from aerial photographs, topography maps
and echosounding surveys provided significant results for comparison with hydrometric
results. Finally sediment concentrations and water discharge correlation show significant
reduction in sediment load after the dam construction on the Lar river, which is being

deposited in the reservoir.
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INTRODUCTION

In order to identify geomorphological changes, monitoring of physical environments are
of considerable importance and records of the landcover at appropriate time scales are
essential (Crapper and Hydson 1983). The aim of this chapter is to review the
characteristics of the physical environment of the Lar basin which influence land surface
changes. The chapter format will be as follows: |

(1) Climatic characteristics (temperature and precipitation) of the Lar basin; (2)
Physiographic analysis at different sites; (3) Geology, stratigraphy and lithology; (4)
Vegetation characteristics, and Linkage between the physical factors and surface

processes of the study area.
4.1 CLIMATE

Climatic conditions, in respect to amount and type of precipitation, temperature and also
their seasonal distribution, can influence both the morphological changes and sediment
delivery ratio of river basins. Where high intensity storms occur on watersheds at a time
when cover conditions offer minimum protection against erosion, the rate of gross
erosion will be high. Where maximum rainfall energy occurs during periods when the
ground surface is frozen, lower rates of erosion prevail. Where such precipitation occurs
in sufficient amounts to create runoff, sediment is transported in varying amounts,

depending upon the nature and frequency of the runoff.

The Haraz River basin is 4000 km’ in area and lies between the altitude of -24 metres
(the Caspian Sea) and 5671 metres (Damavand summit). One hundred kilometres lie
between the Lar dam and the Caspian Sea but there is a very varied environment. Air
masses from the northwest come across the Caspian Sea, reach the Alborz Ranges and
rise with the resulting orographic precipitation. The northem part of the Haraz basin is
wet (over 1000 mm precipitation annually) and the southern parts, including the Lar
Dam basin, are semi-arid (Table 4.1&2 Appendix Chapter 4, enclosed floppy at back).
The climate stations used in this thesis are inside the Lar basin, at Polour and at Panjab, '

Razan, Nemar, Karehsang, Amol stations (Figures 4.1-4.6, see also Figure 3.13).
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4.1.1 Temperature

Temperature and statistical data for the Lar basin were analyzed from Polour station
from 1956-1985. The data show that July is the warmest month (average of 18.2 °C)
and January is the coldest month (average of 5.4 °C). Minimum temperature is recorded
at  -40 °C in January and maximum was for July at 42 °C. The main feature is the long
cold season from November to April. The temperature regime for Polour shows a
sinuous form that suggests a comparatively arid area with about five months of drought

(Figures 4.1 and 4.2).

4.1.2 Precipitation

The mountainous nature of the Lar dam basin means that both snow and rainfall occur.
The mean annual rainfall in the Lar basin is generaily between 430 and 600 millimeters

but over the period of maximum precipitation, it falls mainly as snow.

For the 20 year period at Polour station (Figure 4.3) an annual rainfall of 180 millimeters
is exceeded with a 95% probability. The Lar basin upstream compares with the Haraz

river basin, the Middle area and Downstream rainfall data as follows;

On the Haraz, the annual average rainfall at Panjab is 211.5 millimeters over a period of
18 years, at Nemar 411.1 millimeters over 23 years, and at Razen 345.7 millimeters over
16 years, Karehsang 907.2 millimeters for 20 years and Amol has 676.8 millimeter over
11 years. In the Lar, Polour has 437.4 millimeters for a period of 20 years (Figure 4.4 &
Table 4.1).

Table 4.1: The Lar Basin annual Average Precipitation in Relation to the Haraz Basin.

Polour (upstream, Lar) 437.4
| Panjab (middle Haraz) | 2115 I
[ Nemar (middle Haraz) | 4Ll ]
| Razen (middle Haraz) | 3459 )
| Karchsang (downstream) | 9072 |
| Amol (downstream) | 6768 |
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Figure 4.4: The Lar Basin Precipitation in Relation to the Haraz Basin.

The results show significant patterns in the precipitation related to a) the physical
conditions of the upstream parts which include orographic conditions and b) the
influence of the Caspian Sea which produces frontal precipitation. The Lar dam basin
precipitation and temperature analysis at Polour station also shows that this area has a
Mediterranean climate. In this type of climate maximum precipitation is related to the
winter season with a dry season in the summer. In different parts of the basin, short
period climate data have extended the precipitation record (Figures 4.4 and 4.5, see also
Figure 4.6-a and Appendix Chapter 4, enclosed floppy at the back). This shows that
precipitation in western part of the Lar (Khoshkehlar and Lar sub basins) is more than

other parts, although eastern Dalichai with active orographic conditions is mostly

covered by snow.
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Figure 4.5: The Lar basin Annual Average Pre01p1tat10n
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4.1.3 Annual Precipitation

For the most part, geomorphological studies require knowledge of precipitation over a
definite area, the size of which may vary from a small parking lot to the drainage basin
of a major stream. Because precipitation information collected with a raingauge
represents conditions at a point, methods are required to transform point precipitation

into information representative of the entire area.

The simplest method of calculating annual precipitation is to use the arithmetic mean of
all the raingauge totals in the area by station average method, a technique which may
give adequate results if there is an even distribution of gauges and if the area is fairly
flat. In other situations, however, and particularly in mountainous area, where rainguge

sites may be rather unrepresentative, the results obtained may be substantially in error.

N
(station average) P,yg=( Z P;/n-1)=689.7, Lar & 668.5,Haraz

i=1

Another method using Thiessen polygons makes some allowance for the uneven
distribution of gauges throughout the area, and also enable data from adjacent areas to
be incorporated in the mean. The Thiessen method weights each station in direct
proportion to the area it represents without consideration of topography or other
characteristics (Movahhed, 1983). This method employs perpendicular bisectors through
the straight lines joining adjacent gauges, leaving each gauge in the centre of a polygon
which will vary in size according to the spacing of the gauges. The percentage of the
total area of the Haraz basin represented by each polygon or part of a polygon is
calculated and applied to the appropriate raingauge total. These are then added to give
the average precipitation which, in the case of the Lar catchment shown in Figure 4.6-b
is 665.4mm and for the Haraz is 556mm.

N N
*Pavg= 2 P;Ai + EA,
i=1 i=l1

*(annual average precipitation)
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If used with skill, the third isohyetal method provides the most accurate determination
of average precipitation, since it enables a large number of factors such as relief, aspect,
and direction of storm movement to be taken into account. Contours of equal
precipitation depth are constructed for the Haraz basin and adjacent areas as illustrated
in Figure 4.6-b. Sometimes the average precipitation in each inter-hyetal zone is taken to
be the mean of the bounding isohyets. The value for each zone is then weighted
according to area, totaled, and finally divided by the total area of the catchment, giving a

value of 649.3mm for the Lar and 540mm for Haraz.

N N
Pavg = Z m [(Pj+Pj+1) (1‘\J /2)] T Z Aj
i=1 i=l1

Where P; is the precipitation value, Aj is the area between the isohyets, m is the total

number of different contours (isohyets are lines of equal precipitation depth).

Table 4. 2: Summary of annual average precipitation (mm) in study area.

* (Station Average Method).

It will be seen from the results, however, that the mean rainfall calculation produces
values of 689.7mm (Lar) and 668.5 (Haraz) but these are not close to values produced
by other methods. The Thiessen and Isohyetal method produce for the Lar values of
665.4mm and 649.3, and for the Haraz 556 and 540mm. (see Figure 4.6-a,b).These
calculations show that the Thiessen method and arithemetic mean are in close agreement
and are useful for calculation of the Lar basin annual precipitation. On the other hand the
Isohyetal map of the study area shows the precipitation pattern important in assessing

varying erodibility of the area.

The Upstream area has 350-400mm of precipitation and thus the bare soils and former
Lake deposits are easily eroded. Along the Lar and Khoshkehlar rivers depositional

material shows the effect of over 400mm precipitation producing erosion features and
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removing material from limestone formations. Figure 4.5 shows Lar upstream at
Absefid, Khoshkrud and Sefid-Ab with over 600mm, but in Dalichai and Kamardasht
about 500mm annual precipitation may provide different erodibility. It seems that the
high discharges and sediment delivery of the Lar tributaries, especially the Dalichai,
increased in response to a period of heavy rainfall in autumn or snow melting in summer.
The amount of sediment also depends on the physiographic and geological conditions.
These relationship show that sediment delivery in the western parts of the Lar parts is

greater than other areas because of large size of this catchment.

4.2 GEOLOGY

Geologic factors act to control morphological changes and sediment supply in any basin.
In the Lar basin these can be classified as lithologic, depending primarily on the
composition, texture, sequence of rock types and structure including chiefly faults and
folds that interrupt the continuity or uniformity of occurrence of a rock type or sequence
of rock type. Differing geology combined with other processes, control the development
of morphological changes and sediment production which in turn profoundly affects the
distribution and movement of sediment in the Lar basin. Together the geologic,
pedologic and topographic features influence stability, form, and distribution of
sediments and other landsurface characteristics in the study area.

4.2.1 The Geological History of Study area

From the Cambrian to the Middle Triassic, continental deposits covered the whole
Iranian region including the Alborz. The epicontinental marine conditions which resulted
in thick-bedded carbonates were ended by early Kimmarian movements. In the Central
Alborz differential uplift allowed a depression to form to the north of the Central
Alborz. During the Upper Triassic and Jurassic, folding resulted in the development of
swell and trough structures. Continental sedimentation including coal-bearing horizons
were deposited in the northern trough, but in the upper Jurassic, uplift and southward
thrusting of the Central Alborz occured. During the Cretaceous a southem trough
deepened south of Central Alborz, while the northern trough survived. The Alborz
began to form in the Laramian orogeny as the northern trough reversed to form the

range in the Tertiary (Stoklin 1974). The south Caspian Block then began to subside,
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while its eastern part, the Neka uplift, continued to remain as an elevated block. In the
Eocene huge amounts of submarine volcanic materials filled the depressions which
formed south of the Central ridge and widening towards the west but no volcanic
activity occurred north and east of the Central ridge in this time. The early Alborz Range
uplifted strongly in the Oligocene. The last and most intense tectonic phase was in the
late Pliocene and continued into the Quaternary. In this tectonic phase the thrusts
reversed in the north (Rassekh et al. 1974).

4.2.2 Damavand Lavas

The volcanic cone of Damavand, rising to an altitude of 5671 metres above sea level,
not only dominates the Lar downstream but also has exerted a major influence on the
development of drainage patterns and sedimentation in the basin. It was the early
eruptions of the volcano, some 60 000 years BP, that resulted in the blocking of the
original channel of the Lar and first led to the creation of a natural lake. Although no
volcanic eruptions from Damavand have occurred during recent geologic times, the
volcano is not completely extinct. Sulphur emanations are still found within the summit
crater and impart a characteristic yellow colour when free of snow. At Ab-Garm village
on the eastern slopes of the Damavand, and at Ab-Ask, warm water springs are found.
A further reminder is the comment of De Morgan (1905) who stated that parts of the
cone were warm enough to melt snow in midwinter 1889. The recent nature of
Damavand can clearly be interpreted from the presence of many primary volcanic
structures preserved around the cone, effectively unmodified by sub-aerial erosion.
Individual lava flows can be identified in plan, particularly by the use of KFA-1000 and
aerial photographs, as can remnants of numerous lava tunnels. The upper surfaces of the
lava flows undulate extensively (Figure 4.7) as can clearly be seen along the left bank of
the River Lar and has also beneath the thin sedimentary cover. Adjacent to the limestone
gorge through which the Lar river flows, the undulations in the lava flows appear to
reflect similar undulation in the underlying bedrock surface. However, elsewhere the
undulations are apparently unrelated to the form of the bedrock surface and to a large
extent simply reflect the irregular way in which succeeding tongues of lava were
deposited on top of each other. The undulations in the upper surface of the lava are
likely to be largely primary depositional features, although at least some modification of

the surface is likely to have occurred as a result of movements in the lacustrine
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sediments, where these underlie the lava. The base of the trachyandesite lavas to the
north of the Lar gorge has acquired a dip to the north of between 9 and 10 degrees.

4.2.3 Tectonic Structure of the Lar Basin Using KFA-1000 Imagery

Damavand volcano affects its surrounding area via the production of morphotectonic
forms which have influenced sediments in the study area. The region is characterized by
several broad, very regular structures extending in an E-W or ESE-WNW direction
from the slopes of the Damavand Volcano as far as the course of the upper Lar where
this river, having made a large bend, flows southward. A brief description of the

principal structures, working from the north to the south is given below:

Sefid-Ab overthrust, is a large dislocation extending from the southern slopes of Kuh-e-
Namakkusar along the Sefid-Ab valley as far as the upper Lar valley, where it joins with
the Garmabdar overthrust. It has a WNW-ESE trend and a some what north-sloping
fault plane. The northern block, whose base is constituted by the Shemshak formation,
moved over this fault, bending slightly in an anticline. North of the Dombak-Kuh and
between the Alarm and Sefid-Ab valleys, occurs a system of elongate dislodged slices
predominantly consisting of Jurassic and Cretaceous limestones. The Sefid-Ab
overthrust may have been originated by a fracture formed at a high angle to the bedding
across one limb of slightly folded anticline and by movement over the strata of an
adjacent syncline; in this instance, the dislodged slice would represent the stretched
southern flank of the fold.

Piazak overthrust, is a minor dislocation which diverges from the Garmabdar overthrust
at the Lar - Sefid-Ab confluence, near the Chehel-Khaneh of the upper Lar, joining the
Sefid-Ab thrust, at the Alarm-Bozorg, after a WNW-ESE trend. The fault plane is
subhorizontal or slightly inclined northward. The tectonic movements caused the
Jurassic limestone of the Lar formation cropping out to the north of the fault to overlie
the south-aligned Eocene tuffs of the Karaj formation.

Chehel Cheshmeh - Tiz Kuh syncline: Crosses the whole of the Lar valley from Takht-e-
Shekarak Kuh to Polour, extending over an area more than 30 km long and exceeding 6-
7 km in breadth. It is a mostly symmetrical syncline with WNW-ESE trending axis and



Chapter 4: Physical Characteristics 71

very steep flanks. Eocene or Upper Cretaceous sediments are exposed in the core of the
structure, the flanks are, on the other hand, comprised of Jurassic sediments. The
uniformity of this structure is interrupted along the northern slope of Kamar-Dasht by a
fault with a steeply south-dipping plane, which cuts the southern flank of the syncline,
that has moved relatively up over the younger core. From the geometric point of view ,
this is a reverse fault, whose northward movement contrasts with the trends of the other
structures occurring in the neighboring zones. In Asserto’s opinion (1966), this
dislocation is not due to any south-north stress, but it is rather related to the collapse of
the core of the Chehel-Cheshmeh syncline, as a consequence of the southward
movement of the Sefid-Ab thrust (Figure 4.7).

4.2.4 Stratigraphy

The formations cropping out in the area surveyed are briefly described below. Gansser
and Huber (1962) divided the Central Alborz into structural and stratigraphic elements,
and other authors used similar subdivisions (e.g. Stocklin, 1974; Rasekh et al, 1984)
from north to south:

The Caspian Plain, coinciding with the southern border of the Caspian basin, is
characterized by a thick sequence of Miocene to Quaternary, mostly marine sediments
belonging to the eastern Paratethys. 7he Northern Mesozoic Border Zone forms the
northern foothills of the Alborz. It is characterized in the northern part by Cretaceous
rocks typical for this region and in the southern part by several slices, some of them
slightly overthrust to the south, comprising mainly Triassic dolomites. The Cretaceous
sediments are considered to belong to the Northern Mesozoic Border zone and not to
the Caspian Plain, because, in contrast to the Tertiary deposits, they exhibit similarities
with the Cretaceous sediments in the south. The (Paleozoic) - Mesozoic Central Range
represents the main depression between the structural high of the Paleozoic central
Range in East Mazandaran and in the west in Alam-kuh. In this depression the
(Paleozoic) - Mesozoic Central Range consists mainly of Mesozoic rocks, with Late
Paleozoic formations exposed in the Nour valley. The Pre-Tertiary zone consists of
Mesozoic and Paleozoic rocks, the latter thrusting to the south over the adjacent

Tertiary tuffs. The whole region is dominated by the great cone of the Quaternary
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Damavand volcano which occurs at the boundary between the Tertiary Central Zone and

the Southern Paleozoic/Mesozoic Zone.

The stratigraphy of the study area is dealt with only summarily. The sediments range
from young Precambrian to the Eocene, but several stratigraphical gaps, some of long
duration, break the succession. Miogeosynclinal, shelf type depositional environments
occur throughout the whole interval, but Eugeosynclinal sediments are completely
missing. Compared with other areas of the Alborz, the Paleozoic formations show a
strikingly thin development. The formation of the Lar basin which are influence the
morphological changes will described below;

Jurassic: Shemshak formation: [green-grey and black shale and sandstone with coal
streaks, many plant remains and some molluscs], (Lias and Lower Dogger). The oldest
rocks encountered extensively within the Lar Basin Belong to the Shemshak formation
which is largely Liassic in age. Allenbach (1966), who worked predominantly to the east
of the Lar basin, described two main sedimentary cycles prior to the deposition of the
Shemshak formation, this latter deposits introduce the third cycle. Within the Lar basin,
the Shemshak formation outcrops extensively in Imam- pahnak and to the west towards
Siahpalas on the south side of the lake. In the north of the basin Shemshak formation
rocks again outcrop and here they appear to have been faulted up against younger
Jurassic Limestones. The Shemshak formation has been measured by Assereto (1966) in
the Jajerud valley as approximately 1000m. thick. This formation is mostly limited to
high altitude, unvegetated and first order drainage basins. The major erosion pattern is
weathering and gullying which delivers eroded material via surface streams. These
erosional features are visible in Vala-Rud, Dalichai, Divasiab and Sefid-Ab upstream

sections.

Dalichai formation: /grey or light green, thin-bedded, marly limestone with
Ammonites], (Upper Dogger-lowest Malm). The formation was discovered by Steiger
(1966) near the Dalichai river and it is exposed only in small outcrops; in most places it
is concealed by talus from the overlying calcareous cliffs of the Malm. It crops out in
the Lar valley, south of Kamar-Dasht, near Alarm-Bozorg, and on the southern flanks of
Kuh-e-Namak-Kusar, Fil-e-Zamin and Tiz-Kuh. Also, the formation outcrops i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>