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ABSTRACT

DEVELOPMENT OF GIS-BASED NATIONAL HYDROGRAPHY DATASET,
SUB-BASIN BOUNDARIES, AND WATER QUALITY/QUANTITY DATA
ANALYSIS SYSTEM FOR TURKEY

Girgin, Serkan
M.Sc., Geodetic and Geographic Information Technologies
Supervisor: Assoc. Prof. Dr. Nuriinnisa Usul

Co-Supervisor: Assist. Prof. Dr. Zuhal Akytirek

December 2003, 265 pages

Computerized data visualization and analysis tools, especially Geographic
Information Systems (GIS), constitute an important part of today’s water resources
development and management studies. In order to obtain satisfactory results from
such tools, accurate and comprehensive hydrography datasets are needed that include
both spatial and hydrologic information on surface water resources and watersheds.
If present, such datasets may support many applications, such as hydrologic and

environmental modeling, impact assessment, and construction planning.

The primary purposes of this study are production of prototype national hydrography
and watershed datasets for Turkey, and development of GIS-based tools for the
analysis of local water quality and quantity data. For these purposes national

hydrography datasets and analysis systems of several counties are reviewed, and

111



based on gained experience; 1) Sub-watershed boundaries of 26 major national
basins are derived from digital elevation model of the country by using raster-based
analysis methods and these watersheds are named according to coding system of the
European Union, 2) A prototype hydrography dataset with built-in connectivity and
water flow direction information is produced from publicly available data sources, 3)
GIS based spatial tools are developed to facilitate navigation through streams and
watersheds in the hydrography dataset, and 4) A state-of-the art GIS-based stream
flow and water quality data analysis system is developed, which is based on the
structure of nationally available data and includes advanced statistical and spatial
analysis capabilities. All datasets and developed tools are gathered in a single

graphical user-interface within GIS and made available to the end-users.

Keywords: GIS, Turkey, hydrography dataset, watershed boundaries dataset, water

quality data, stream flow data, geographical database, data analysis system
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TURKIYE ICIN CBS TABANLI ULUSAL HIDROGRAFIK VERI SETI,
ALT HAVZA SINIRLARI VE SU KALITESI/KANTITE VERI
ANALIZ SISTEMI GELISTIRILMESI

Girgin, Serkan
Yiiksek Lisans, Jeodezik ve Cografik Bilgi Teknolojileri
Tez Danismani: Dog. Dr. Nuriinnisa Usul

Ortak Tez Danigsmant: Yrd. Dog. Dr. Zuhal Akyiirek

Aralik 2003, 265 sayfa

Bilgisayar tabanli veri analizi ve gorsellestirme araglar, 6zellikle de Cografi Bilgi
Sistemleri (CBS), giiniimiizde su kaynaklarmin gelistirilmesi ve yOnetimi
calismalarinda 6nemli bir yer tutmaktadir. Ancak, bu ara¢ ve sistemlerden dogru
sonuglar elde edebilmek i¢in, su kaynaklarimin ve havzalarinin gerek cografi gerekse
hidrolojik o6zelliklerini yiiksek dogruluk ve tam bir biitiinliik icerisinde veren
hidrografik veri setlerine ihtiya¢ vardir. Mevcut olduklari taktirde bu veri setleri,
hidrolojik ve cevresel modelleme, etki degerlendirmesi, ve yapi planlamasi gibi

bircok uygulama alanini destekleyebilir.

Bu c¢aligmanin amaglari, Tiirkiye icin su kaynaklar1 ile ilgili c¢aligsmalarda
kullanilabilecek prototip hidrografi ve havza sinirlar1 veri setlerinin hazirlanmasi, ve

yerel su kalitesi ve kantite verilerinin incelenmesi icin CBS destekli analiz



araclarinin gelistirilmesidir. Bu amaglar dogrultusunda: 1) 26 biiyiik ulusal havzaya
ait alt havzalarin smirlar1 sayisal yiikseklik modeli kullanilarak CBS ortaminda
belirlenmis ve Avrupa Birligi havza kodlama sistemine gore isimlendirilmis; 2)
Kendi i¢inde su akis yonii ve akarsular arasindaki baglantilar gibi bilgiler bulunan
prototip bir hidrografik veri seti herkesin kullanimina agik veri kaynaklar
kullanilarak hazirlanmig ve kalite kontrolleri yapilmis; 3) Elde edilen veri setleri
igerisinde akarsular ve havzalar arasinda su akis yoniinde ve tersi yonde analizi
saglayacak araglar CBS ortaminda gelistirilmis; ve 4) Ulusal veri kaynaklarinin
yapisina uygun olarak dizayn edilmis ve ileri diizeyde mekansal ve istatistiksel analiz
Ozellikleri igeren CBS tabanli bir akim ve su kalitesi verisi analiz sistemi
gelistirilmistir. Elde edilen veri setleri ve gelistirilen araglar CBS ortaminda ortak bir

grafik kullanici arabirim altinda toplanarak son kullanicilarin hizmetine sunulmustur.

Anahtar Kelimeler: CBS, Tiirkiye, hidrografik veri seti, havza sinirlart veri seti, su

kalitesi verisi, akim verisi, cografik veri tabani, veri analiz sistemi
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CHAPTER 1

INTRODUCTION

Water quality and quantity data are crucial elements of water resources related
studies. Although data collection is the essential first step, it is only the starting point.
In order to solve the problems related with water resources effectively without
spending excess time, the data should also be organized such that its form is
appropriate for already existing data analysis methods and tools. For example, after
the development and publication of methods for deriving and using duration curves,
there remains the need for presenting the data so that duration curves can be readily
prepared (Langbein and Iseri, 1983). Hence as stated by Langbein and Iseri (1983),
the following steps should be followed prior to any kind of analysis: collection of
data, development of methods of using the data; and processing the data into

convenient form.

For today’s highly computerized surface hydrology studied, several datasets are
needed to show the location and connectivity of natural and man-made features such
as rivers, lakes, canals and reservoirs. The essential datasets, which can be termed

together as hydrography datasets, can be listed as follows:

= Natural drainage channels
=  Man-made channels
= Lakes and reservoirs

= (Coastline
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A watershed dataset showing the delineations of water drainage areas can also be
added to this list. All these datasets can be used in their basic forms for mapping
purposes by presenting the spatial relationships both between these features and
others, such as monitoring sites and topography. But once the analysis requirements
of the users are put clearly forward, datasets can be provided that can go far beyond
simple mapping. For example it is possible to provide datasets that provide
catchment characteristics such as catchment area, drainage density, and stream
length, or datasets that provide stream characteristics such as stream slope and order
with respect to different ordering methods. Moreover, specially designed datasets can
provide navigational information both in up and downstream directions, which may
help to identify the pollution sources or identify the areas that can be affected from
these sources. Such datasets are not just useful for surface hydrology but they are
also very valuable for environmental management and modeling purposes. Some of

the possible applications can be listed as follows:

Geocoding of water-related data: A hydrography dataset may provide means to relate

several different kinds of data (e.g. pollution or hydrometric data) to water features.

Hydrologic and environmental modeling: Flow direction and connectivity data

together with stream flow and velocity information can be used for hydrologic
modeling in the stream network. If water quality and pollution data exists,

environmental modeling may be possible as well.

Map making: Positional and descriptive data in the dataset can be used for making
different kind of maps. Especially rich set of attribute data found in the hydrography
dataset can be used to create various thematic maps, each presenting different

hydrologic properties of water features.

Data maintenance: Unique identifiers and other methods encoded in the dataset help

to solve technical problems of cooperative data maintenance when many

organizations try to improve and update the collections of geographic data.
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One important characteristic of the hydrography datasets is hydrologically-validness.
Most of the time, the traditional maps have the aim of showing the physical
relationships of features and places in an easy to interpret manner. Therefore the
aesthetics is the primary concern. However in GIS, useful datasets are the ones that
support various spatial analyses, not the ones that are visually better. A
hydrologically-valid hydrographical dataset needs to demonstrate connectivity,
including pathways through lakes. It must be able to provide catchment
characteristics with confidence and must demonstrate consistency between
complementary layers. These mandatory features can be summarized as follows

(Flavin et al., 1998):

= (Cleanliness and completeness of layers

= Connectivity of drainage network, and closed lake shores

* Connectivity with coastline

= Consistency with political boundaries where water features define the
boundary

= Consistency between rivers, lakes, coast and catchment boundaries

* Continuity in transboundary areas

Many countries in the World have their own national hydrography and watershed

datasets, which can be review as example datasets.

1.1. Example Hydrography and Watershed Datasets

One of the earliest efforts in the development of digital hydrography datasets is the
hydrographic database of the surface waters of U.S., which is called River Reach File
(RF) and developed by U.S. Environmental Protection Agency (USEPA). The
development of RF dates back to early 70’s and it has progressed through four
versions (USEPA, 1994). Development date, scale and number of reaches in each RF
version are summarized in Table 1.1. Also for a selected watershed, last three RF

versions are shown in comparison in Figure 1.1.
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Table 1.1. Reach File versions

RF Version | Production date Scale NI 7
Reaches
RF1-A 1973 — 1975 1:2,500,000 Few thousands
RF1 1978 — 1982 1:250,000 68,000
RF2 1988 1:250,000 170,000
RF3 1988 — 1997 1:100,000 3,100,000
b. RF2

Figure 1.1. Comparison of different RF versions

The structure and content of the RF are created primarily to establish hydrologic
ordering, to perform hydrologic navigation for modeling applications, and to provide
a unique identifier for each surface water feature. A key characteristic of the RF is its
attributes, which define the connected stream network regardless of the presence of
topologic continuity. The attributes also include unique identifier, flow direction and

hydraulic characteristics for each stream reach (USEPA, 1994).
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Starting from 1980’s, RF was used by USEPA for performing water quality
modeling on whole river basins for all of the hydrologic regions in the conterminous
U. S. The unique reach code assigned to each reach has been used to link a number
of USEPA national databases to surface waters, e.g. STORET Water Quality
Database, Facility Discharge Database, and Drinking Water Intakes Database. The
Reach File has also been used by the U. S. Geological Survey (USGS) and U.S.
National Oceanic and Atmospheric Administration (NOAA) as the hydrography

backbone for several of their programs and applications (Horn et al., 1994).

In 1997, RF3 was “frozen” so that efforts could be focused on building the next
generation hydrography database, which is a combined map and routing system

called the National Hydrography Dataset (NHD).

The NHD is the result of recent cooperative efforts of USEPA and USGS. It
combines elements of USGS digital line graph (DLG) hydrography files and the
USEPA RF3 (USGS, 2000). The NHD supersedes RF3 and DLG files by
incorporating them, not by replacing them. The same data are presented in a new,
more flexible format; they are expanded and refined. General characteristics of NHD

can be listed as follows:

e It is a feature-based dataset that interconnects and uniquely identifies the
stream segments or "reaches" that make up the Nation's surface water
drainage system.

e Unique reach codes (originally developed by the USEPA) are provided for
networked features and isolated water bodies.

o The reach code structure is designed to accommodate higher resolution data.

o Common identifiers uniquely identify every occurrence of a feature.

e It is currently based on the content of the USGS 1:100,000-scale data, giving
it accuracy consistent with those data.

o Names with Geographic Names Information System (GNIS) identification

numbers are included for lakes, other water bodies, and many stream courses.
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e It provides flow direction and centerline representations through surface

water bodies.

The NHD data are available for downloading by watershed basis from the USGS
(URL 1.1). A set of GIS-based tools are also developed to facilitate navigation
through the NHD, and reach-indexing auxiliary data (URL 1.2).

In addition to RF and NHD, U.S. also has a standardized hydrologic unit system,
referred to as the Hydrologic Unit Code (HUC) system that was developed by the
USGS. HUC system divides U.S. into successively smaller hydrologic units, which
are classified into six levels: regions, sub-regions, basins, sub-basins, watersheds and

sub-watersheds.

The underlying concept is a topographically defined set of drainage areas organized
in a nested hierarchy by size (Seaber et al., 1987). The units are defined along natural
hydrologic breaks based on land surface and surface water flow, and they are
generally subdivided into 5 to 15 units from one level to the next. A 2 to 12 digit
unique code based on its level in the classification identifies each hydrologic unit.
Average unit size and number of units for each level are summarized in Table 1.2
(Legleiter, 2001). Since the development of last two HUC levels are still continuing,

estimates are given for these levels. HUC hierarchy is also illustrated in Figure 1.2.

Table 1.2. Size and number of hydrologic units

. . . 2 Number

Level Name Digits | Average Size (km") of Units

1 Region 2 459,880 21

2 Sub-region 4 43,512 222

3 Basin 6 27,443 352

4 Sub-basin 8 1,820 2,149

5 Watershed 10 163 — 1,012 22,000

6 Sub-watershed | 12 41-163" 160,000 ~

* Estimate
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Figure 1.2. Hydrologic unit hierarchy (Legleiter, 2001)
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In Europe, many countries have their own national hydrography and watershed
datasets. For selected European countries, availabilities of these datasets at different

scales are summarized in Table 1.3 and 1.4 (taken from Morris and Kronvang, 1994).

Table 1.3. Availability of digital hydrography data in European countries

i Map Scale (x 1:1000) (* = partially available)

1:25 | 1:50 | 1:100 | 1:200 | 1:250 | 1:400 | 1:500 |1:1000
Austria * X X
Belgium X
Denmark X
Finland * * X *
France * * X X
Germany * * * X
Greece * X
Italy X X
Netherlands X X
Norway X X X
Portugal X
Spain * X
Sweden X X
Switzerland X X
U. K. * X

Table 1.4. Availability of digital watershed boundary data in European countries

i Map Scale (x 1:1000) (* = partially available)
1:25 | 1:50 | 1:100 | 1:200 | 1:250 | 1:400 | 1:500 |1:1000

Austria * X

Belgium

Denmark X X

Finland

France * * *

Germany * *

Greece *

Italy

Netherlands X

Norway X

Poland *

Spain *

Sweden X

Switzerland X

U. K. X
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In addition to national datasets of individual countries, the European Union (EU) also
recently developed a common hydrography and catchment dataset, which is called
European Rivers and Catchments (ERICA). ERICA is a hydrologically-valid digital
database of EU that includes rivers, canals, lakes, coastlines and catchment
boundaries (Flavin et al., 1998). In this quality-controlled and validated dataset that
is developed on the GIS, each river stretch is uniquely identified and includes flow
direction. All stretches are node matched and flow paths are continuous through
lakes. All individual feature sets are mutually consistent, including automatically
derived catchment boundaries, and both local and English names (if present) are
made available for features. In order to identify catchments, the dataset uses ERICA
Coding System (ERICA-CS), which is a combination of Norwegian and German
coding systems and includes a marine code, a marine border code, a series of nested
catchment codes and a catchment size indicator for each catchment. Two different
versions of ERICA are available: 1/1.000.000 scale ERICA-1M which covers the
whole Europe and 1/250.000 scale medium resolution ERICA which is currently

available only for two pilot catchments.

1.2. Situation in Turkey

Turkey is a country which forms a bridge between two continents, Europe and Asia.
It is surrounded by three international seas (Black Sea, Aegean Sea, and
Mediterranean Sea) and also has an interior sea (Sea of Marmara). It has a varying
geography, which is mainly mountainous, and has several important water resources
within its region. A summary of land and water resources of Turkey is given in
Table 1.5 (URL 1.3). As shown this table, Turkey has an average precipitation of 642
mm, which results in a total water potential of 501 km®. 186 km’ of this potential
becomes surface runoff, but only approximately half of it (95 km®) can be used for
water supply and irrigation. As runoff per capita this value is equal to 1475 o,
which shows that Turkey is not too water-poor but also not water-rich compared with
the World average (SHW, 2001). Therefore, development and protection of water

resources reflects great importance.
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Table 1.5. Land and water resources of Turkey

Land Resources (million ha)

Area of Turkey (projected) 77.95
Agricultural Land 28.05
Irrigable Land 25.85
Economically Irrigable Land 8.50
Precipitation

Mean (arithmetic) Annual Precipitation 642.6 mm
Mean Annual Volume of Precipitation 501.0 km’
Surface Waters

Annual Surface Runoff 186.05 km®
Annual Surface/Rainfall Ratio 0.37
Annual Depletible Volume 95.00 km®
Actual Annual Utilization 33.90 km’
Groundwater

Annual Available Groundwater Reserve 13.66 km®
Actual Annual Utilization 6.23 km’

In order to assess problems related with water resources development, and to study
and plan required works, Turkey is divided into major basins and water resources
management regions. The history of water resources management regions goes back
to the beginning of the Republic and even older. Figure 1.3 illustrates the

management regions in 1925.

Figure 1.3. Water resources management regions of Turkey in 1925 (URL 1.4)
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Today, there exist 26 officially defined major hydrologic regions (i.e. basins) that
cover the whole country. These basins belong to different river systems separated
with natural divides. Their boundaries are determined in a way that they generally
include main rivers of Turkey and their contributory branches. Also there exist
coastal basins that include small streams draining to the same sea, and closed basins
that drain to inland water bodies. Geographic distribution of watersheds and their

names are given in Figure 1.4.

Four of the basins (Burdur Lakes, Akarcay, Konya Closed, and Van Lake) are closed
basins, whereas seven of the remaining are coastal basins (North Black Sea, West
Black Sea, Marmara, North Aegean, West Mediterranean, Antalya and East
Mediterranean). Six basins (Merig¢, Asi (Orontes), Firat (Euphrates), Dicle (Tigris),
Aras, Coruh) have physical boundaries that are beyond the country boundaries and
hence they could be classified as cross-boundary basins. The classifications of the

watersheds are also indicated in Figure 1.4.

In order to give a general idea about the characteristics of national basins, their
surface area, mean annual precipitation and total surface runoff values are
summarized in Table 1.6. Data given this table are also illustrated in Figure 1.5 as a

comparison bar chart.

As it can be seen from Figure 1.5, the largest basin of Turkey is the Firat Basin,
which belongs to Euphrates river that is the most important water course of
Mesopotamia together with Tigris river. Although yearly precipitation of Firat Basin
is lower than the country average, it has the maximum surface runoff due to its size.
Lowest precipitation is observed in Konya Closed Basin, whereas the maximum is
seen in North Black Sea Basin. For the majority of the basins, the amount of

precipitation that becomes surface runoff is low. The country average is 37%.
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Table 1.6. General information on 26 major national basins (SHW, 2001)

Watershed Surface2 Y'ea'rly.mean Yearly surfa3ce
area (km’) | precipitation (mm) runoff (km”)

Merig 14,560 604.0 1.33
Marmara 24,100 728.7 8.33
Susurluk 22,399 711.6 543
North Aegean 10,003 624.2 2.09
Gediz 18,000 603.0 1.95
Kiiciik Menderes 6,907 727.4 1.19
Biiylik Menderes 24,976 664.3 3.03
West Mediterranean 20,953 875.8 8.93
Antalya 19,577 1000.4 11.06
Burdur Lakes 6,374 446.3 0.50
Akargay 7,605 451.8 0.49
Sakarya 58,160 524.7 6.40
West Black Sea 29,598 811.0 9.93
Yesilirmak 36,114 496.5 5.80
Kizilirmak 78,180 446.1 6.48
Konya Closed 53,850 416.8 4.52
East Mediterranean 22,048 745.0 11.07
Seyhan 20,450 624.0 8.01
Asi 7,796 815.6 1.17
Ceyhan 21,982 731.6 7.18
Firat 127,304 540.1 31.61
East Black Sea 24,077 1198.2 14.90
Coruh 19,872 629.4 6.30
Aras 27,548 432 .4 4.63
Van Closed 19,405 474.3 2.39
Dicle 57,614 807.2 21.33
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Figure 1.5. Comparison of 26 major national basins
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The surface areas of the major basins range from 6,374 km? to 127,304 km2, the
average being approximately 30,000 km?. The size distribution is given in Figure 1.6
as a histogram. As it can be seen from this figure, only two basins have surface area
larger than 70,000 km?® and approximately 70% of the basins have surface area
smaller than 25,000 km?. However, these sizes are quite large especially for local
water resources related studies like non-point source water pollution modeling. If
compared with nested watershed classification of U.S. that divides water
management regions of U.S. into successively smaller hydrologic units, the average
size of major national basins corresponds to the third level (basins), below which
another level resides (sub-basins) with an average size of 1800 km®. In U.S., even the
sub-basins are found to be too large to adequately serve many water-resource
investigations, resource analysis and management needs (Legleiter, 2001). Two
additional classification levels are currently under development in order to solve this
problem. Similar watershed size levels and nested classifications are also observed in
many other countries (Morris and Kronvang, 1994). Shortly, it can be concluded that
the existing major basin of Turkey are very large for effective integrated water
resources management and development. Determination of a series of small-sized,

standardized sub-basins would be definitely beneficial for future studies.

5td. Dev = 265834.90
Mean = 289739
M =26.00

Number of Basins

10 30 50 70 90 110 130
Surface Area (x 10,000 km?)

Figure 1.6. Histogram of surface areas of the major basins
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In addition to watershed boundaries dataset, there is also a need for national
hydrography dataset. Although maps showing the nation’s surface water resources
are available at different scales and in digital form, a hydrography dataset that has the
features mentioned at the beginning does not exists. Such a national dataset is
definitely a must for systematic studies and to form a backbone for cooperation
between the institutions and directorates that are related with water resources
development and protection. Once the datasets are developed, a further step may be
development computer-aided tools for the analysis of water related data. For quite a
long time, several governmental institutions are collecting huge amount of water
quality and quantity data in Turkey. However, data analysis, modeling and
visualization tools specially designed to satisfy the local needs are very limited. In
order to facilitate water resources related studies, such tools should be developed,
which combine advanced spatial, statistical and hydrologic analysis methods in a
user-friendly environment, should be developed as soon as possible. GIS, with its
comprehensive spatial data analysis and visualization capabilities, forms a very

suitable framework for such purposes.

1.3.0bjectives of the Study

The primary purposes of this study, which aims to contribute the efforts to put away
these deficiencies, are development of proto-type national hydrography and
watershed datasets that can be used to support water resources related studies, and
development of analysis tools for local hydrometric and water quality data. Four

main parts of the study can be listed as follows:

1. Development of a prototype national hydrography dataset that covers

nation’s water courses and inland water bodies.
2. Determination of watershed boundaries beyond 26 large national basins,

which can be used as cataloging units for hydrographic features, by a digital

elevation model (DEM) based automated delineation technique.
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3. Development of GIS-based spatial tools that facilitate analyses on produced

national watershed and hydrography datasets.

4. Development of state-of-the-art GIS-based stream flow and water quality
data analysis system that is based on the structure of nationally available

data.

Following the order given above, in Chapter 2 currently available national and
international map sources for hydrography dataset development are reviewed and
alternatives are evaluated to select the ultimate map source. Evaluation of national
and international DEM sources that can be used for the study and justification of the
final DEM that will be used to determine the watershed boundaries are also given in
this chapter. National water quantity (stream flow) and quality data sources are
summarized and the formats of available data are examined as well. In Chapter 3,
national hydrography dataset development process is explained in detail, including
accuracy check and hydrological attribute assignment steps. Determination of sub-
basin boundaries is described in Chapter 4. Development of GIS-based water
quantity and quality analysis system, which is based on data types given in Chapter
2, is explained in Chapter 5. Finally, conclusions and recommendations for future

studies are given in Chapter 6.
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CHAPTER 2

REVIEW AND EVALUATION OF DATA SOURCES

All three major objectives of the study, i.e. production of national hydrography
dataset, delineation of national sub-basins and development of water quality/quantity
analysis systems, heavily depend on different kinds of data related with surface water
resources of Turkey. For national hydrography dataset, maps showing the locations
and shapes of water courses and water bodies are required as the initial data. For
automatic delineation of sub-basins, elevation data should be provided, which is used
as the primary input to the delineation algorithms. Similarly, the structure of the
water quality and quantity analysis system should be based on the format of available
water quality and quantity data that is collected nation-wide. Certainly, quality and
completeness of the data sources used for the study directly affect the results that will
be obtained at the end. Hence, selection of the data sources is a very important step,
which requires special attention and care. As many as possible data sources should
be evaluated and they should be compared to each other before selecting a dataset for
the final analysis, so that positive and negative sides of the datasets can be clearly put

forward and the most appropriate dataset could be determined.

In this chapter, available map sources for the production of national hydrography
dataset, digital elevation models for the delineation of national sub-basins, and water
quality/quantity data for the development of GIS-based analysis system are

summarized and evaluation of the alternatives are given in detail.
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2.1. Hydrography Map Sources

Development of a national hydrography dataset can be divided into three major steps,
which are: 1) production of a digital geographical database of water related features,
2) entry of attribute data that define hydrological and hydrographical properties of
the features, and 3) assessment of positional and attribute accuracies. Essential
elements for the first step of the dataset development are maps of water courses and
inland water bodies, which show delineation of water features. Scale, accuracy and
up-to-datedness of these maps directly affect the quality of the resulting hydrography
dataset. Therefore selection of source maps is an important step and necessitates

special attention.

In order to evaluate available data sources and to determine the ones suitable for the
study, designation of solid evaluation criteria at the beginning is very useful for the
rest of the study. The criteria determined for this purpose can be listed in the order of

their priorities as follows:

1. Public availability: One of the primary aims of the study is development of a

national hydrography dataset that will be publicly available in order to be
used for hydrological, water resources protection and development, mapping,
and other similar purposes easily without any constraints. There exist map
resources that are superior in quality but copyrighted, which make
distribution of such maps and their derivatives restricted. This is especially
the case for maps produced by General Command of Mapping (GCM), which

is the national mapping agency of Turkey.

2. Cost: Although cost should have lower priority in evaluation of map sources,
and technical criteria should have precedence, it became one of the most
important criteria since the study could not have any financial support.

Especially large scale maps in digital format are very costly and require a
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huge budget. Although such maps and datasets were also reviewed for study,

public domain, costless alternatives should have to be preferred.

3. Map format: Data sources, which are in the form of conventional paper maps,
should be first converted into digital vector maps so that they could be used
for the hydrography dataset production. This conversion step is inevitable for
data sources, which are unique and available only as paper maps. However if
there exist alternative digital vector maps to paper maps, then these maps
should be preferred to reduce time and labor requirements. Even, loss in
quality and accuracy, and decrease in scale could be acceptable in the favor

of digital maps up to a limit, if such a choice should have to be done.

4. Map scale and accuracy: Obviously, one of the most important criteria in base

map selection is scale and accuracy of the maps. Maps that have larger scale
and better accuracy, and that are more complete with respect to presence of

features, should be preferred as much as possible.

5. Labor requirement: Labor requirement is also another important factor for the

study. Man hours devoted to the study is naturally limited, like the time
period in which the study should be completed. As stated in map format
criteria, maps available in vector format reduce the labor requirement
significantly, since the most time consuming step of data preparation, i.e.
feature digitization, was already completed. Other factors affecting required
labor time are mainly related with map accuracy and completeness. As
number of features in the maps increases (with the decrease in map scale) and
their completeness decreases, time required for accuracy checks and
corrections increases correspondingly. Therefore, higher accuracy map

sources should be preferred as much as possible.
There are many map sources available, that can be used for the development of

national hydrography dataset. These map sources range from conventional paper

maps to digital vector maps, from general purpose topographic maps to special maps
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containing only hydrographic features, or from national maps prepared by local
mapping agencies to international public domain maps prepared by foreign
organizations. In the following sections, first a selected set of available map sources
will be reviewed. Starting from national ones; scale, extent, type, accuracy and
characteristics of both national and international map sources will be explained in
detail and their positive/negative sides will be highlighted. Then, comparison of these
resources will be given and justification of selected resource will be made based on

the evaluation criteria stated above.

2.1.1. National Map Sources

National map sources that can be used for hydrography dataset can be divided into
two groups: general purpose maps prepared by the national mapping agency, and
water resources specific maps prepared by related governmental organizations (e.g.
General Directorate of State Hydraulic Works). Information on both types of map

sources are given below.

2.1.1.1. Maps of General Command of Mapping

In Turkey, General Command of Mapping (GCM) bounded to Ministry of National
Defense is the organization which is responsible from map production. GCM serves
for all mapping needs of ministries, and governmental and public organizations up to
1:5,000 scale, and it is the only authority that has the right to prepare and publish
maps having smaller scales. In order to fulfill their special needs, 1:5,000 and larger

scale maps can be prepared by other governmental organizations as well.

Up to present, GCM had produced many historical, topographic, and thematic maps
having both national and regional coverage. Among these maps, 1:25,000-1:250,000
scale topographic map series and smaller scale (up to 1:1,000,000) Ground and Air
Joint Operational Graphics (JOG) are the most widely used, hence important
products of GCM. Samples of 1:25,000 and 1:250,000 topographic maps are given in
Figure 2.1a and 2.1b respectively.
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Figure 2.1. Detail from a) 1:25,000, b) 1:250,000 scaled topographic maps of GCM

Detailed information on these maps, including source, production method,
projection, datum, and accuracy are summarized in Table 2.1. As indicated in the
Table 2.1, air photogrammetry was used to produce largest scale (1:25,000) maps
and smaller scales were obtained by cartographic transformation and scaling.
Depending on the scale of the map series, Gauss-Kruger, Universal Transverse
Mercator and Lambert Conformal Conic map projections were used with European
Datum 1950 (ED50) as the reference datum. 1:100,000 and larger scale maps are
classified products of GCM and they are not publicly available. These maps can be
obtained on project or study basis after a written permission, and should be returned

to GCM at the end of the project or study.
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Table 2.1. Maps produced by General Command of Mapping

T 3 P!
Maps Series Source lg.o‘dl(l:a‘w{} Proj ection’ | Datum ﬁ(c;ur :]ce);_. Availability l\l/)le?l;
Topographic Maps

1:25,000 Topographic K-816 Air photo v T™ (G-K) | ED-50 | 5 2.5 | Classified V| v
1:50,000 Topographic K-716 K-816 v TM (G-K) | ED-50 | 10 5 | Classified V|V
1:100,000 Topographic | K-613 K-716 v T™M (G-K) | ED-50 | 20 10 | Classified vV
1:250,000 JOG Ground | JOG 1501-G | K-613 4 UTM ED-50 | 50 25 | Unclassified | v | v
1:500,000 JOG Ground 1404 JOG 1501-G v LCC ED-50 | - - | Unclassified | v/ | v
1:1,000,000 JOG Ground | 1301 1404 v LCC ED-50 | - - | Unclassified | v | v
Air Maps

1:250,000 JOG Air JOG 1501-A | K-613 v UTM ED-50 | 50 25 | Unclassified | v/
1:500,000 JOG Air TPC JOG 1501-A v LCC ED-50 | - - | Unclassified | v
1:1,000,000 JOG Air ONC TPC v LCC ED-50 | - - | Unclassified | v/
Digital Maps

1:25,000 Elevation YUKPAF-25 | K-816 R2V UTM ED-50 | - 5 | Classified |ArcInfo
1:250,000 Elevation YUKPAF-250 | JOG 1501-G R2V UTM ED-50 50 | Unclassified |ArcInfo
1:25,000 Topographic' TOPO-25 K-816 R2V UTM ED-50 ? | Classified Arclnfo
1:250,000 Topographic’ | TOPO-250 JOG 1501-G R2V UTM WGS84 ? | Unclassified | ArcInfo

! Production methods: P = Photogrammetry, C = Cartographic transformation, V = Cartographic transformation or direct production from VMAP
R2V = Scanning to raster followed by vector transformation
? Projections: TM (G-K) = Transverse Mercator (Gauss-Kruger), UTM = Universal Transverse Mercator, LCC = Lambert Conformal Conic.

3 Accuracies are given in meters.

* Media: P = Paper, R = Raster (digital), ArcInfo = ArcInfo coverage
" Production of these maps are still continuing




In addition to traditional paper maps, digital maps are also available from GCM. All
topographic map series were scanned in the past and they are currently available in
raster format (RASTER-xxx series). However, digital maps in vector format are
limited to only two scales, 1:25,000 and 1:250,000. Elevation contour maps, which
are subsets of topographic maps, and gridded digital terrain elevation data (DTED)
created from these contour maps are available for the whole nation. Production of
vector topographic maps for the same scales is still continuing, however tiles
produced so far can be obtained on request. Detailed information on the production
status can be obtained from GCM. Unlike paper maps, GCM charges money for
digital maps. The number of map tiles needed to cover the whole country, unit price

of a single tile for the year of 2003, and total price are given in Table 2.2 for different

series.
Table 2.2. Cost of digital GCM maps for Turkey
Map series Number of tiles Unit cost ($)" Total cost ($)"
RASTER-25 5,547 27 147,920
RASTER-50 1,455 27 38,800
RASTER-100 393 27 10,480
RASTER-250 71 27 1,898
RASTER-500 18 27 480
TOPO-25 5,547 333 1,849,000
TOPO-250 71 666 47,000
YUKPAF-25 5,547 83 462,250
YUKPAF-250 71 133 9,467

1 US dollar = 1,500,000 TL

As shown in Table 2.2, total cost of 1:25,000 scale digital maps including vector and
DTED is well over two million U.S. dollars. Working at this scale nation-wide
requires a huge budget that is very difficult to support. Although similar scales are
currently in use for nation-wide hydrologic studies in several countries (e.g. United
States), it is practically not possible to use this scale in Turkey, except for local
studies. All other topographic map series, with the exception of 1:250,000 scale, are

available in raster format only and need to be converted into vector format either by
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heads-up digitizing or raster-to-vector (R2V) conversion followed by manual editing.
In either way, vector data production will be a labor extensive and time consuming
task, especially if numbers of tiles for each map series are considered. Hence, the
only scale that is suitable for near future hydrological studies is 1:250,000. However,

it should be noted that production of 1:250,000 scale vector maps are still continuing.

In addition to topographic map series, there is also “Map of Administrative Units of
Turkey” published by GCM in 1998, which has a scale of 1:1,000,000. Although the
main aim of the map, which consists of 3 sheets, is to show the administrative unit
boundaries and settlements of Turkey, it has also good quality hydrography and road
network layers. No information is given on the projection system used, but it seems
to be Lambert Conformal Conic. The map includes a latitude-longitude grid with one
degree interval, which can be used for georeferencing purposes. Although complete
copyright information is not given, it is simply stated on the map that all rights are
reserved by the GCM. GCM has a very strict copyright policy in general, which
restricts public redistribution of maps (both original and value-added) by third-party
persons and organizations. This map is also not an exception and can only be used

for referencing purposes.

2.1.1.2. Maps of Other National Governmental Organizations

In addition to topographic maps of GCM, there also exist specific maps published by
governmental organizations that have responsibilities related with water resources
development. Two General Directorates of the Ministry of Energy and Natural
Resources, which are State Hydraulic Works (SHW) and Electrical Power Resources

Survey and Development Administration (EPRSDA), major institutions in this area.

Map of “Dams, Power stations and Irrigation Establishments in Turkey” was
prepared by SHW in 1992 (SHW, 1992). As its name implies, the primary aim of the
map is to show water resources related works conducted by SHW. These include
dams, hydro-electrical power plants, surface and ground water irrigation systems

(irrigation ponds and channels), regulators, tunnels, and flood controlling structures.
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In addition to already existing works, the ones that are under construction and in
planning phase at that time were also indicated on the map. As supplementary
information, boundaries of provinces, SHW regions, and watersheds are present. A

sample from the map, which consists of three separate sheets, is given in Figure 2.2.
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Figure 2.2. Detail from “Dams, Power stations and Irrigation Establishments
in Turkey” map of SHW

“Dams, Power stations and Irrigation Establishments in Turkey” map also includes
water courses and inland water bodies layer. However, the quality of this layer is
poor and especially linear features could not be easily distinguished. Dams that will
be constructed in future have the same symbology with already existing dams and
natural lakes; hence they can not be differentiated from each other. No map
projection information is given except the scale, which is 1:800,000. The map has
reference marks at the borders, but there is no grid on the map. Therefore,

georeferencing of the map is not easy as well.
Discharge monitoring yearbooks published yearly by SHW contain maps that show

the nation-wide distribution of monitoring stations belonging to SHW. Not only the

stations that are in operation at that time, but also stations that are closed beforehand
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are indicated on these maps. The maps are organized in terms of national watersheds
and there are 13 map sheets most of which including more than one watershed. The
maps show hydrography as well, but unfortunately map projection used by the maps
is not specified and the maps do not have any grid. Moreover, the boundaries of the
watersheds are not consistent to each other. Usually two map sheets belonging to
neighboring watersheds could not be overlaid, because the boundaries are drawn
differently in each map. Even though they are termed as maps in the bulletins, they
are actually closer to being sketches. Mosaicking of these maps is very difficult, and
for some parts of the country significant amount of loss in accuracy is inevitable.
Nevertheless they are valuable sources, especially for validation purposes. In this
study, maps belonging to 1994 Discharge Monitoring Yearbook published in 1999

are used for such purposes.

EPRSDA also publishes discharge monitoring yearbooks, which are similar to their
SHW counterparts. Like SHW yearbooks, these yearbooks include maps that show
the nation-wide distribution of stream flow monitoring stations belonging to
EPRSDA. The characteristics and quality of EPRSDA maps are alike to SHW maps;
hence comments given in the previous paragraph are also valid for these maps. Since
accurate location information on EPRSDA monitoring stations do exist in several
different documents, there was no need for the information encoded in the maps.

Therefore, these maps were not used for the study.

2.1.1.3. National Commercial Map Sources

In Turkey, there are several commercial vendors who are marketing data for use in
GIS. Although majority of the products that are marketed are satellite images, several
digital maps are also available. Islem GIS Corporation founded in 1984 markets
1:250,000 scale digital vector maps of Turkey, which are based on 1:250,000 scale
maps of GCM. The maps are available as separate thematic layers including
settlements, roads, railroads, streams, lakes, provinces and districts. Hence only
required thematic layers could be purchased with a lower cost, which is not possible

for digital maps of GCM. Pricing is done according to requested extent of the map.
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Currently, Islem vector maps are the only datasets available from national sources,
which cover the whole country and have a scale of 1:250,000. Streams and lakes
layers of these datasets could be used to produce national hydrography dataset.
However there are two obstacles. The first one is related with copyright. Since islem
dataset is based on GCM maps, they are subjected to strict copyright restrictions of
GCM. Even the purchase of these maps could not be done directly. In order to
purchase vector maps, first paper copies should be purchased from GCM. Then
vector maps could be obtained from Islem under the name of “digitizing service”. A
hydrography dataset that will be based on maps that are such restricted will definitely
suffer from similar problems. Another obstacle related with Islem datasets is their
cost. Since they are commercial products, their costs are high and require an
adequate budget. However, as a part of their partnership relations with academic
institutions, Islem GIS Corporation supported the study and supplied 1:250,000 map
layers related with hydrography for internal use of the study without any cost. These

layers are used for validation purposes.

2.1.2. International Map Sources

In addition to national map sources, there are also international map sources that can
be used for the production of hydrography dataset. Mainly, these sources are general
purpose vector maps having global extent. The Digital Chart of the World, its
successor Vector Map Level 0, and larger scale Vector Map Level 1 are such
datasets, all produced by U. S. National Imagery and Mapping Agency. These map

sources are explained in the following sections.

2.1.2.1. Digital Chart of the World

The Digital Chart of the World (DCW) is a comprehensive, publicly available
1:1,000,000 scale vector database of the world in geographic coordinate system. It is
the first unclassified map series that provides consistent, continuous global coverage
of geographic features, attribute data, descriptive text, and metadata that can be used

in conjunction with GIS software (URL 2.1). It was originally produced by
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Environmental Systems Research Institute (ESRI) for the U.S. Defense Mapping
Agency (DMA, now NIMA).

The DCW data are primarily based on the DMA Operational Navigation Chart
(ONC) series that are produced by the United States, Australia, Canada, and the
United Kingdom (URL 2.2). The ONCs have a scale of 1:1,000,000, and they were
designed to meet the needs of pilots and air crews in medium- and low-altitude flight
navigation and to support military operational planning. Therefore, the selection of
ground features is based on the requirement for rapid visual recognition of significant
details seen from a low perspective angle (URL 2.3). Data for the Antarctic region
are based on 1:2,000,000 scale Jet Navigation Charts (JNCs). Several additional
sources have been used to complete the data set. The DMA's Digital Aeronautical
Flight Information File (DAFIF) was the primary source for the airport data in the
aeronautical layer. An Advanced Very High Resolution Radiometer (AVHRR)
image is the source for the data in the Vegetation layer, which is only available for
the U.S. The Defense Intelligence Agency Manual (DIAM) 65-18 is the source for
the Geopolitical codes and the ocean boundaries information contained in the

Political and Oceans layer (ESRI, 1993).

The database contains more than 1.7 gigabytes of data on four CD-ROMs, organized
in 17 thematic layers including over 200 attributes. Some of the major layers are
hypsography, drainage, roads, railroads, utility lines (pipelines and communication
lines), populated places, political boundaries, aeronautical features, vegetation, and
data quality overlays (URL 2.1). Also additional layers are available in several
commercial versions, which may be of use in interpreting the DCW data sets like tile
name reference, ONC compilation date, and gazetteer layers (URL 2.4). A complete
description of dataset contents is available from DCW Data Dictionary (ESRI, 1993).
The development of the Digital Chart of the World is thoroughly described in
Military Specification Document (DOD, 1992). A sample map that is based on DCW

is given in Figure 2.3.
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Figure 2.3. Sample DCW map

The DCW data are broken up into tiles, each representing 5 degree latitude by 5
degree longitude portion of the earth. There are 2094 tiles in total (URL 2.5).
Antarctica is an exception, where data are very sparse and each tile has dimensions
of 90 degree by 35 degree. The dataset is also logically divided into 15 degree rows
and columns to be used in naming the tiles. Each physical five degree tile has a four
digit name, two of which are letters indicating the 15 degree tile column and row,
and other two are numbers indicating the 5 degree column and row in the 15 degree
tile (URL 2.6). In order to uniquely identify each layer and item, other naming
conventions are used. The layer naming convention uses a two digit identifier to
specify the type of layer. This is followed by an indicator specifying the type of
features in the layer. For instance the roads layer is named RDLINE. The RD for
roads and the LINE for the line feature type. The item names are uniquely identified
by two characters representing the theme, two characters representing the type of
feature it is associated with, and several characters describing the contents. For
example, the "type" item in the political and oceans layer associated with lines is
"POLNTYPE". The ‘PO’ for the theme, the ‘LN’ for line features, and the ‘TYPE’ to
describe the item (URL 2.7).
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The first version of the Digital Chart of the World was released in 1992 in the Vector
Product Format (VPF), which is the U. S. Military Standard (MIL-STD-2407) and
compliant with the international Digital Geographic Information Exchange Standard
(DIGEST). Since then it has been translated into most major GIS formats, such as
ARC/INFO, Maplnfo, Atlas and Intergraph, and distributed to thousand of GIS users
world-wide (Langaas, 1995). DCW data are also downloadable from Internet as
ARC/INFO coverages and export files that are clipped to individual country borders
(URL 2.8, URL 2.9). This wide availability made DCW an invaluable data source for
GIS wusers world-wide concerned with military, scientific, and educational

applications on regional, continental and global level.

Despite the usefulness of DCW, many users have discovered various types of
imperfections in several of the coverages in different thematic layers included in the
database (Langaas, 1995). Complaints about the DCW data quality have often been
centered upon positional accuracy, logical consistency and completeness issues.
Detailed accuracy information and product specifications of DCW can be found in
DCW Data Dictionary (ESRIL, 1993), DCW Documentation (DOD, 1992) and
Metadata files (URL 2.10). Product specifications of ONCs (DMA, 1987) are also
very informative in this respect. Briefly, it can be stated that with 90% confidence
limits the horizontal and vertical accuracies are 485 to 2,225 meters and 50 to 640
meters respectively. The arcs in the database were digitized so that there was at least
one vertex every 1.4 cm with respect to the original paper maps (URL 2.10). Data
up-to-datedness varies from place to place depending on the currency of the ONC
charts, which is in the range of the mid 1960s to the early 1990s (URL 2.3). The
dataset is also well documented with respect to data quality. There are attribute tables
for many of the features that give status information for individual primitives in the
database, and DQNET layer describes the data quality of individual layers and

characteristics of each map sheet used in the compilation of the DCW database.
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2.1.2.2. Vector Map Level 0

An updated and improved version of the DCW is U.S. National Imagery and
Mapping Agency’s (NIMA) Vector Map Level 0 (VMAP-0). VMAP-0, which is the
fifth edition of the DCW, has replaced the DCW in U.S. military and government
usage for detailed thematic maps. The product is dual named to show its lineage to
the original DCW, while positioning the revised product within a broader family of
VMAP products. Like its ancestor, VMAP-0 is a 1:1,000,000 scale vector base map
of the world that is based primarily on ONCs. The data structure is VPF and data are
organized in thematic layers similar to DCW with several updates. Thematic layer
groups and sub layers of VMAP-0 are summarized in Table 2.3. Availabilities of sub
layers for Turkey are indicated with checkmarks in the third column of the table.
Complete specifications of VMAP-0 can be found in Military Specification
Document (MIL-V-89039) (DOD, 1995).

Major updates of VMAP-0 over DCW according to Metadata Document
(NIMA, 2000) are as follows: ONCs, which had been revised since production of the
first version of DCW, were digitized and corresponding sections of VMAP-0 were
updated. Using an overlay and/or buffer process, names from the GeoNet Names
Server (GNS) database were assigned to VMAP-0 populated place polygon features.
First order administrative boundaries (provinces) are added to the dataset from ESRI
ArcWorld global database. Daily AVHRR images were averaged for a two week
time period of 1994 and these averaged images, their rates of change, elevation
information, and other data were used to produce a single land classification image
of the whole world. Vegetation coverage that is available in DCW for North America
only is replaced with vector version of this classification image that is clipped
according to coastlines. All data attribute coding of VMAP-0 was done according to
Feature and Attribute Coding Catalog (FACC) of DIGEST. The Type/Status codes
used in DCW were mapped into the FACC coding scheme. Different from DCW,
data were tiled into two sizes: 15 degrees x 15 degrees for predominately land tiles

and 30 degrees x 30 degrees for ocean tiles.
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Table 2.3. Thematic layers of VMAP 0

Thematic Layer Sub Layer Available | Sub Layer Type
Boundaries Political Boundaries v Point, Line, Area
Barrier v Line
Coast v Line
Depth v Line
Ocean/Sea v Area
Data Quality Data Quality v Area, Line
Elevation Elevation v Point
Contour v Line
Hydrography Danger v Point, Line
Miscellaneous v Point, Line
Aqueduct/Canal/Flume/Penstock v Line
Water Course v Line
Inland Water v Area
Industry Extraction v Point, Area
Miscellaneous Industry v Point
Storage v Point
Fishery Industry v Area
Physiography Cut/Fill Line
Landform Line
Ground v Area
Land Ice v Area
Sea Ice Area
Population Built-Up Area v Point, Area
Miscellaneous Population v Point, Area
Transportation Airport v Point
Railroad Yard Point
Transportation Structures Node
Miscellaneous Transportation Line
Railroad v Line
Road v Line
Trails and Tracks v Line
Transportation Structures v Line
Utilities Utility v Point, Line
Pipeline v Line
Vegetation Firebreak Line
Hedge Line
Cropland v Area
Grassland v Area
Oasis Area
Orchard Area
Marsh/Swamp v Area
Trees v Area
Tundra v Area
Vegetation Void Collection Area
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Metadata document also includes information on attribute accuracy, logical
consistency, completeness, and positional (both vertical and horizontal) accuracy
reports. According to these reports, overall horizontal accuracy is 2040 m, whereas
overall vertical accuracy is 152.4 m, both at a 90% confidence interval. However, it
should be noted that overall accuracy analysis was performed on one chart only in
the prototyping phase. Related with completeness it is stated that “VMAP-0 features
depicted on the ONC source materials have been captured and have valid attribute
codes assigned to them. All attribute codes were reviewed against their sources. Also
all data were found to be topologically correct, and no overshoot, undershoot, and
duplicate features are present” (NIMA, 2000). This is however questionable as it will
be discussed in the Chapter 3.

2.1.2.3. Vector Map Level 1

Actually, VMAP-0 is not the only vector dataset that is available globally. Its next
level, VMAP Level 1 (VMAP-1), which is based primarily on 1:250,000 scale
NIMA Joint Operation Graphics (JOGs), was also already produced. VMAP-1 has a
resolution that is 4 times better than VMAP-0 and includes information collected
from nearly 10,000 map sheets (URL 2.11). As the map series name implies (JOG
1501), these maps are similar to 1:250,000 scale topographic maps of GCM.

The content and format of VMAP-1 is specified in NIMA MIL-V-89033 VMAP
military specification main document and its appendix (NIMA, 1995). The dataset
has metric unit of measure and its horizontal and vertical datums are WGS84 and
Mean Sea Level (MSL) respectively. Like VMAP-0, VMAP-1 products are also
organized into thematic layers. Each thematic layer is stored as a single coverage
within a VPF library. There are two reference coverages and ten thematic coverages
in the data library level. Some of the thematic layers are political boundaries,
coastlines, elevation contours, hydrography, vegetation cover, road, rail and utility

networks.
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The global extent of VMAP-1 consists of multiple regional databases and is divided
into a rather complex mosaic of 234 geographic zones, each being available on a
single CD-ROM. However at the present time, NIMA is only releasing selected areas
of the VMAP-1 dataset (Figure 2.4), even though the whole dataset has been de-

classified, is in the public domain, and could be made available via FTP.

Some of the excuses given include the protection of cartographic monopolies of it's
overseas partners, that it is not ready for the public to see it, that their security office
has not approved it, and that NIMA is afraid the public might "misuse" it
(URL 2.11). There are protests, especially from U.S., against limited release of
VMAP-1, and NIMA is accused of ignoring Freedom of Information Act (FOIA)

petitions to release the data.
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Figure 2.4. Publicly available VMAP-1 coverages (as of 2003)

Anyhow, if VMAP-1 will be released fully to the public, it will be a fundamental part
of the next generation of global digital maps, together with 3-arc seconds SRTM

digital elevation dataset, which will be described in the Section 2.2.
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2.1.3. Evaluation of Map Sources

As stated in Section 2.1, map sources explained so far are evaluated based on several
criteria, which are designated to be important for the study. These criteria can be
listed shortly as cost, public availability and copyright restriction, map format,
accuracy, scale and labor requirement. Comparison of map sources with respect to
these criteria are given in Table 2.4 in tabular form. The table includes all map
sources mentioned until now, except 1:100,000 and larger scale topographic maps of

GCM, which are classified products and hence not publicly available.

As it can be seen from Table 2.4, maps from national institutions (both military and
commercial) are superior in map scale and accuracy, and they are also available as
digital vector maps. However, copyright restrictions limit the usage of these maps
and prevent public distribution of end products that are based on these sources. High
cost is a drawback as well. All these make these map sources less preferential for the
study. VMAP-1 dataset of NIMA has the same quality as national 1:250,000 scale
maps and its status has been set to public domain a long time ago. But, parts of the
dataset that cover Turkey are still not accessible, and when it will be available (or if
it will be available or not) is currently unknown. Hence, this dataset could not be an
alternative. Among the remaining sources, maps of SHW and EPRSDA are on paper
and their accuracies are questionable. Especially the maps found in yearbooks are
closer to sketches rather than scaled maps having known projections, and it is a very
difficult task to convert them to accurate vector datasets. Their approximate scale
(1:800,000) is also not significantly better than the scale of other remaining

alternative sources, which is 1:1,000,000.

Digital Chart of the World (DCW) and its successor VMAP-0 datasets, both
distributed by NIMA, are the data sources that attract attention. They are well
documented and peer-reviewed vector map datasets with known accuracies, and are

publicly and freely available.
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Table 2.4. Comparison of vector map sources

Map Source Scale Format Cost Req]ill?lt‘)e()lrlen ¢ Accuracy AVI;;;:ll)licli ty
GCM Topographic Maps 1:250,000 Vector’ High Low High Copyrighted
Islem Thematic Maps 1:250,000 Vector High Low High Copyrighted
Vector Map Level 1 (VMAP-1) 1:250,000 Vector None Low High Available™
GCM Topographic Maps 1:500,000 Raster | Medium High High Copyrighted
SHW Map of Dams 1:800,000 Paper None High Medium Unknown
GCM Administrative Map 1:1,000,000 Vector | Medium Low Medium Copyrighted
Digital Chart of the World (DCW) 1:1,000,000 Vector None Low Medium Available
Vector Map Level 0 (VMAP-0) 1:1,000,000 Vector None Low Medium Available
SHW/EPRSDA Yearbook Maps Unknown Paper None High Low Unknown

* Production is still continuing; hence partially available
** Available only for selected part of the world (currently not for Turkey)




Although their 1:1,000,000 scale seems to be low, taking into account the facts that
current hydrography dataset of the European Union has a scale of 1:1,000,000 and
that the studies related with hydrography dataset production in U.S. started with
1:2,500,000 scale maps, this scale is found to be acceptable as a starting map scale
for the study that aims to produce a prototype national hydrography dataset for
Turkey. Hence, VMAP-0 that is an updated version of DCW has been selected as the
base dataset for the study.

All other maps and datasets, including 1:250,000 scale Islem dataset, “Map of Dams,
Power Stations and Irrigation Establishments in Turkey” from SHW and
“Administrative Units of Turkey” map of GCM, are used for validation and
correction purposes, which are also important parts of the study. In order to validate
the hydrography dataset and determine missing or excess stream lines, a reference
map that is more up-to-date or that has a larger scale is needed. A newer digital
dataset, which has a scale same as VMAP 0, currently does not exist. But 1:250,000
scale river network dataset has a better scale; hence it includes more detail compared
to VMAP 0. Also since the source for 1:250,000 scale river network dataset is
1:250,000 scale national topographic maps prepared by the General Command of
Mapping, its accuracy is also higher. Therefore it is a good dataset to be used for
validating national hydrography dataset that will be based on VMAP-0 hydrography
layer. If 1:250,000 scale river network dataset will be selected for the production of
national hydrography dataset, in that case another reference dataset would be

required, which is currently not available.

Selection of VMAP-0 dataset also reduced the process overhead of the study. The
number of stream lines in VMAP-0 hydrography layer is 4,219 for Turkey. In
1:250,000 scale river network provided for the study by islem GIS Corporation, this
number is 46,804. That means approximately 11 times more data that should be
processed. Since a large proportion of the processing is done manually, time
requirement increases dramatically. Also probability to make mistakes rises.
Therefore more strict quality assessment is needed, which necessitates additional

study time. Although additional time that will be spent will most probably result in a
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better hydrography dataset in return, first the usefulness and success of a national
hydrography dataset should be proved in a practical time period so that additional
time requirement becomes reasonable. Thus, a small scale prototype national
hydrography dataset that can be developed in a short time is better to begin with.
This is another reason why VMAP-0 hydrography layer is selected for the study.

2.2. Digital Elevation Data Sources

There are several elevation data types that are available to be used in GIS. Vector
contour maps, gridded (raster) elevation models, and triangular irregular networks
(TINs) can be listed as the widely used ones. Among these data types, raster
elevation models are generally more common and especially available in global
extent, since their production and analysis methods are easier. Elevation data from
different sources, having different extends and scales, can be easily merged in raster
format by using simple, fully computerized resampling methods. However, this is not
the case for vector data. Simplification of larger scale maps is required in order to
prevent non-uniform feature distribution and inconsistencies in the resulting map.
Vector simplification can not be fully automatized and is very subjective to
cartographer. Especially, if too many maps each prepared by different organizations
should be merged together (which is the case for development of global elevation
maps), this task gets to be much more complicated. Therefore, gridded elevation
models are preferred in such cases. Also elevation models obtained from satellite
interferometry, which gained importance and started to be used intensively, are in
raster format. This as well facilitates use of gridded elevation models for analysis

purposes.

Due to aforementioned reasons, it is decided to use a gridded DEM for the study.
Both national and international data sources are examined and evaluated to select the
best alternative for the study. In the following sections first, different gridded DEM
sources and their characteristics are summarized. Then selection of the chosen

dataset is justified.
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2.2.1. National DEM Sources

In Turkey, DEMs covering the whole country can be obtained only from GCM.
Although there exist many topographic map series of GCM, available digital
elevation datasets are limited to only two grid spacings, which are 3-arc seconds
(DTED-1) and 1-arc second (DTED-2). General information on sources of these
datasets, and their availabilities are given in Table 2.5 (URL 2.12).

Table 2.5. Digital Elevation Models produced by General Command of Mapping

Dataset Series Source Availability
3-arc seconds (1°x 1° tiles) DTED-1 | YUKPAF-250 | Unclassified
I-arc second (7.5’ x 7.5’ tiles) DTED-2 | YUKPAF-25 Classified

l-arc second dataset is available as 7.5 x 7.5 minute tiles, whereas 3-arc seconds
dataset is available in 1 x 1 degree tiles; both in DTED format. They are in
geographic projection system and datum is WGS84. Horizontal and vertical
accuracies for both datasets are given as 130 and 30 meters respectively. Sources of
DTED-1 and DTED-2 datasets are 1:250,000 and 1:25,000 contour maps, which are
based on topographic maps. Vector-to-grid conversion was conducted by spatial
interpolation. Like other digital datasets, GCM charges money for DTEDs as well.
Table 2.6 summarizes number of tiles that are required to cover the whole country,

their unit and total costs for DTED-1 and DTED-2 (URL 2.13).

Table 2.6. Cost of GCM digital elevation datasets for Turkey

Map series Number of tiles Unit cost ($)" Total cost ($)"
DTED-1 71 133 9,467
DTED-2 5547 93 517,720

1 US dollar = 1,500,000 TL
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Unlike vector maps, productions of which are still continuing, digital elevation data
were completed for the whole country. However, DTED-2 which has a grid spacing
comparable to 1/25,000 scale maps is a classified product; hence is not publicly
available. Only GCM elevation data that can be used for the study is DTED-1. But
there exists some technical problems, which prevents DTED-1 dataset to be used for
hydrologic purposes. These problems will be examined in detail in Section 2.2.3,

where all elevation models are evaluated.

2.2.2. International DEM Sources

Starting from mid-1980’s, a number of global elevation datasets are developed and
made available to the public by several national and international research groups

and organizations. A short list of such global elevation datasets are given in

Table 2.7.

As it can be seen from the table, grid spacing of global elevation models has
increased from 10-minutes to 30-arc seconds in less than two decades. This
corresponds to twenty folds improvement in the resolution, which is very
noteworthy. Currently, global elevation models with smaller grid spacing like 3-arc
seconds are under development and will be available to public in a recent time.
Presence of such datasets will definitely widen the application areas of global
elevation models and contribute significantly to scientific studies. In order to
illustrate the improvement in data quality, samples from three datasets having

S-minute, 30-arc seconds, and 3-arc seconds grid spacing are given in Figure 2.5.
In the following sections, major global elevation models listed in Table 2.7 will be

explained in detail to show how they are progressed in time and to form a

background for data source evaluation and selection steps of the study.
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Table 2.7. Publicly available global digital elevation models

DEM Date Grid Spacing Type Coverage Organization Grid size' | Grid Dimensions
FNOC 10’ 1984 10-minute Topography Global FNOC 18.55 km 1080 x 2160
ETOPOS 1988 5-minute Relief Global NGDC 9.28 km 2160 x 4320
TerrainBase 1994 5-minute Relief Global NGDC/WDC-A 9.28 km 2160 x 4320
DTED-0 1996 | 30-arc seconds | Topography Partial NIMA 928 m rx
GTOPO30 1996 30-arc seconds | Topography Global USGS 928 m 21600 x 43200
GLOBE 1999 30-arc seconds | Topography Global NGDC 928 m 21600 x 43200
ETOPO2 2001 2-minute Relief Global NGDC 3.71 km 5400 x 10800
SRTM30 2003 30-arc seconds | Topography Global NASA/NIMA 928 m 21600 x 43200
SRTM 3~ 2003 | 3-arc seconds Topography Partial NASA/NIMA 92.8 m ok

! Although grid sizes are constant in degree units, they are not constant in metric units, since distances between longitudes decrease as going from equator to poles.
Grid sizes given in this column are at the equator.

2 Will be available at the end of 2003.

** Grid dimensions could not be given for partial coverage DEMs
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(a) 5-minutes (TerrainBase) (b) 30-arc seconds (GTOPO30) (c) 3-arc seconds (SRTM)

Figure 2.5. Comparison of different grid sized digital elevation models



2.2.2.1. FNOC Global DEM

One of the first digital elevation models available to public is 10-minute (~9.27 km at
equator) global elevation model of Fleet Numerical Oceanographic Center (FNOC)
that is developed in 1984 (URL 2.14). The main sources of the data were the U.S.
Department of Defense (DOD) Operational Navigation Charts (ONC) at a scale of
1:1,000,000. Where ONCs were not available, other maps such as the Jet Navigation
Charts and World Aeronautical Charts were used. The dataset do not include
bathymetry and coded values are in terms of 100 foot contour intervals (URL 2.15)
(Figure 2.6).

Figure 2.6. FNOC Global Elevation Model

2.2.2.2. ETOPOS Global DEM

ETOPOS, which is made available in 1988 by National Geophysical Data Center
(NGCD), evolved from a 5-minute global terrain model that was initially developed
in 1985 at Washington University (URL 2.16). The model is a mosaic of five
different source models, the grid spacings of which range between 30-arc seconds to
10-minutes. For North America 30-arc seconds, and for Europe, Mediterranean

region, Japan, Korea and Australia, and New Zealand 5-minutes datasets are utilized.
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For all remaining land areas FNOC 10-minute grid is used. ETOPOS also includes
bathymetry data from U.S. Naval Oceanographic Office’s Digital Bathymetric Data
Base 5-minutes (DBDBS) (URL 2.17). Elevations are given in meters. The dataset
had been periodically corrected; hence several different versions are available. It had
been an important terrain data resource for a broad array of users, and was very

popular at that time (URL 2.16) (Figure 2.7).

Figure 2.7. ETOPOS Global Relief Model

2.2.2.3. TerrainBase Global DEM

As a result of a project conducted by NHGC and World Data Centers—A for Solid
Earth Geophysics and for Marine Geology and Geophysics, TerrainBase CD-ROM
has been published in 1994, which was containing a large collection of digital terrain
models available at that time (Row and Hastings, 1994). In addition to more than 20
regional models, a new global model was also introduced. Extent and grid spacing of
TerrainBase global elevation model were the same as ETOPOS. But it has significant
improvements in the amount and quality of source data that were used for global
model development. In addition to five models used in ETOPOS, ten other sources

were included and documentation has been redesigned and extended. Although the
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model contains many significant artifacts, it provides substantial improvements in
quality, structure and documentation over its predecessors (Row et al., 1995). An
important characteristic of TerrainBase is its design as an “evolving” dataset.
‘Update of dataset as new sources having better quality will be available’ was one of
the primary objectives of the project that was stated explicitly. In this respect, it

differs from FNOC 10-minute and ETOPOS5 datasets.

2.2.2.4. GTOPO30 Global DEM

A major progress, which provided a new level of detail in global topographic data,
was the development of GTOPO30 (Figure 2.8). GTOPO30 that was developed over
a 3 year period through a collaborative effort led by staff at the U.S. Geological
Survey's EROS Data Center (EDC) and completed in late 1996, is the first 30-arc
seconds (approximately 1 km at equator) global DEM that is publicly available
(USGS, 1997a). GTOPO30 is based on data derived from 8 different elevation
sources, including vector and raster data sets. Two major data sources were U.S.
National Imagery and Mapping Agency’s (NIMA) Digital Terrain Elevation Data
(DTED) raster topographic database with a horizontal grid spacing of 3-arc seconds
and hypsography layers of 1:1,000,000 scale Digital Chart of the World (DCW)
vector cartographic dataset. Approximately 80% of GTOPO30 was derived from
these two sources. A complete listing of data sources and their descriptions, extents
and supporting organizations can be found from GTOPO30 Documentation (USGS,
1997b).

For the production of GTOPO30, raster sources were resampled using a set of
generalization methods, and topographic information from vector sources was
converted into raster grids using special gridding programs. Resulting raster datasets
were merged into a global dataset and clipped according to coastlines to separate
land and ocean areas. During merging process overlapping area are interpolated to
obtain a smooth transition between different sources. The generalized raster sources
had the highest priority while merging, followed by the grid derived from DCW that

had the highest priority among the vector sources.
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Figure 2.8. GTOPO30 Global Elevation Model

Detailed information on raster and vector source processing, DEM merging,
topographic detail and accuracy, and known artifacts are given in GTOPO30
documentation (USGS, 1997b). Although accuracy of dataset differs from part to
part depending on the source that is used to derive the grid elevations, its vertical
accuracy ranges between 9 m to 300 m, except Antarctica where the accuracy is

highly variable.

To facilitate electronic distribution, GTOPO30 has been divided into tiles with no
overlap. The area from 60 degrees south latitude to 90 degrees north latitude is
covered by 27 tiles, with each tile covering 50 degrees of latitude and 40 degrees of
longitude. Antarctica (south of 60 degrees south latitude) is covered by 6 tiles, with
each tile covering 30 degrees of latitude and 60 degrees of longitude (Figure 2.9).

Data for each tile are provided in a set of 8 files, which are: digital elevation model
data, header file for DEM, world file containing georeferencing information,
statistics file, projection information file, shaded relief image, source map, and
header file for source map. The base file is digital elevation model data file; the

others are made available as supplementary information.
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Figure 2.9. Tiles of GTOPO30

GTOPO30 data were used for many regional and continental applications world-
wide, such as climate modeling, continental-scale land cover mapping, extraction of
drainage features for hydrologic modeling (Danielson, 1996; Verdin and Greenlee,
1996), and geometric and atmospheric correction of medium and coarse resolution

satellite image data (Gesch, 1994; JPL, 1997).

2.2.2.5. GLOBE Global DEM

The successor of GTOPO30 is Global Land One-kilometer Base Elevation (GLOBE)
dataset that is released in 1996 (Figure 2.10) (GLOBE Task Team and others, 1999).
GLOBE is designed, openly peer-reviewed, implemented, and documented by a
global consortium of scientists and organizations. Like TerrainBase, one of the aims
of GLOBE was being an ongoing program of data collection, with enhancement of
the data base and documentation for as long as the data are useful. It has a project
Web site and online documentation, which includes detailed information on general
characteristics of dataset, development history, data sources, applied data processing
methods, assembly of global dataset, imperfections, horizontal and vertical accuracy,

data format, and data distribution (Hastings and Dunbar, 1999).
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Figure 2.10. GLOBE Global Elevation Model

Similar to TerrainBase that had the same grid spacing as its precursor ETOPOS5 but
used more data sources, GLOBE has the grid spacing of 30-arc seconds that is the
same as GTOPO30, but the number of sources that are used to derive global
elevations are much more in GLOBE Six gridded DEMs, and five cartographic
sources, were adapted for use in GLOBE. Several of these sources were processed in
more than one way to create 30-arc seconds grids. This resulted in 18 combinations

of source/lineage used in GLOBE (Hastings and Paula, 1999) (Figure 2.11).

Figure 2.11. Source lineage map of GLOBE
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Two different GLOBE distributions are available: Best Available Data (B.A.D.)
version, and Globally Only Open-Access Data (G.0.0.D.) version. The former
includes copyrighted data that are made available for distribution by GLOBE with
restrictions, while the latter do not contain any restricted data. Both of the versions

are distributed as tiles shown in Figure 2.12.
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Figure 2.12. Tiling diagram of GLOBE

Primary source of GLOBE is GTOPO30; hence most of accuracy information is the
same as GTOPO30. But accuracy of data is higher for regions, where better quality
sources than GTOPO30 are used, like Japan, Italy and Australia. Complete accuracy

information is given in GLOBE Documentation (Hastings and Paula, 1999).

Until very recently, GLOBE was the best global elevation model that is publicly
available. However, this situation changed as products of Shuttle Radar Topography

Mission (SRTM) are started to be released.

2.2.2.6. SRTM30 Global DEM

The SRTM data resulted from a collaborative effort by the U.S. National Aeronautics
and Space Administration (NASA) and the U.S. National Imagery and Mapping

Agency (NIMA), as well as the participation of the German and Italian space

agencies, to generate a near-global digital elevation model (DEM) of the Earth using
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radar interferometry (USGS, 2003). The objective of this project was to produce
digital topographic data for 80% of the Earth's land surface (all land areas between
60° north and 56° south latitude that equates to 119.56 million km?), with data points
located every 1-arc second on a latitude/longitude grid (30 meters at equator). A
complete description of the SRTM mission can be found in Farr and Kobrick (2000),

but a short description is given below in order to provide basic information.

SRTM instrument was the primary payload on the STS-99 mission of the Space
Shuttle Endeavour, which launched on February 11, 2000 and flew for 11 days. The
instrument consisted of space-borne imaging radar hardware and antenna that were
located in the shuttle’s payload bay, a space station-derived 60 m long mast that was
the longest rigid structure ever deployed in space, and an additional antenna at the
end of the mast (USGS, 2003). The two antennas formed an interferometer with a 60
meter long baseline from which two radar images were simultaneously captured. The
instrument operated virtually uninterrupted during the whole flight and imaged
99.96% of the targeted landmass at least one time, 94.59% at least twice and about
50% at least three or more times (Figure 2.13). The goal was to image each terrain
segment at least twice from different angles (on ascending and descending orbit

passes) to fill in areas shadowed from the radar beam by terrain (USGS, 2003).
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Figure 2.13. SRTM coverage map showing number of images captured
for each land segment
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SRTM radar contained two types of antenna panels, C-band and X-band. The near
global coverage DEMs are made from the C-band radar data. These data were
processed at the Jet Propulsion Laboratory in a time period of two years and are
being distributed through the USGS's EROS Data Center. Data from the X-band
radar are used to create slightly higher resolution DEMs but without the global
coverage of the C-band radar. The SRTM X-band radar data are being processed and
distributed by the German Aerospace Center (URL 2.18). Data collection and
processing methods applied in SRTM ensured that the SRTM generated topographic
maps have the same characteristics (URL 2.19). The absolute vertical accuracy of the
C-band data is estimated to be 16 meters at 90% confidence interval. With this high
accuracy, near-global coverage, and superior resolution, SRTM data become the
most complete high-resolution digital topographic database of Earth that has ever
assembled (URL 2.20) and the mission itself may regarded to be one of the best
geospatial collection works in the history of mapping (URL 2.21). The base dataset is
under control of NIMA, who is using it to update and extend their DTED products,
especially DTED Level 2 which has the same grid spacing. Distribution of base

dataset is restricted, but its several products will be publicly available.

As a part of data processing process, 1-arc second base data were averaged 3 x 3 and
a 3-arc seconds dataset was produced. Currently this dataset is publicly available for
North and South America. Other continents will also be released systematically to
the public and scientific community by mid 2004 (URL 2.18). This dataset can be
designated as herald of a new era, since a new level of detail will be added to the

current publicly available global elevation models.

Further 10 x 10 averaging of 3-arc seconds data resulted in another dataset with
30-arc seconds grid spacing that is similar to GTOPO30 and its successor GLOBE.
However, unlike these datasets, which were compiled from various data sources and
hence have non-uniform accuracy and quality, radar interferometry based SRTM
data has the same characteristics at all locations. Also as stated previously, the
accuracy of SRTM data is much higher. One drawback of SRTM 30-arc seconds data

is its not global but near-global coverage. There exist locations as well, where SRTM
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data are missing. This is especially the case for high mountainous areas, where
shadowing effect is observed. In order to overcome these problems, a hybrid dataset
called SRTM30 has been created by combining averaged SRTM data with
GTOPO30 such that grid cells contained SRTM data where SRTM data were valid
and GTOPO30 data where SRTM data were missing. As stated in its documentation,
SRTM30 can be considered to be “either an SRTM data set enhanced with
GTOPO30, or as an upgrade to GTOPO30, which greatly improves accuracy of
GTOPO30 between 60 degrees north and 60 degrees south of equator” (USGS,
2003). Increase in accuracy is illustrated in Figure 2.14 (URL 2.20).

a. GTOPO30 b. SRTM30

Figure 2.14. Comparison of GTOPO30 and SRTM30

SRTM30 has been divided into the same tiles as GTOPO30. However, since no
SRTM data are available below 60 degree south latitude, Antarctica tiles were not
generated. For each tile, 4 new files are available in SRTM30 in addition to 8 files
that were included in GTOPO30. These new files contain cell-by-cell information on
number of valid SRTM points used in averaging, standard deviation of elevations,
and difference between SRTM30 and GTOPO30. Also color coded shaded relief

image in JPEG format is made available.
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2.2.3. Evaluation of DEM Sources

As described so far, there exist both national and international DEM sources that can
be used for the study. Although grid spacing of GCM DEMs are superior to publicly
available global sources, there exists several problems. Putting the financial burdens
aside, which are also important and should be taken into consideration, there exist

much more important troubles that are related with the production of GCM datasets.

One important technical problem of 3-arc seconds DTED-1 dataset is improper
interpolation of elevation data, which resulted in terracing effects. It is well known
that the sources for GCM DTEDs are vector contour maps that are extracted from
topographic maps. There are several methods available to produce gridded elevation
data from vector contours, like inverse distance weighting, local and global
polynomial interpolation, radial basis functions, kriging and cokriging. All these
techniques are known to be smooth interpolators, resulting in continuous gradients
between data points. However, if DTED-1 tiles of GCM are examined, it can be
easily noticed that many unnaturally flat areas exist that are artifacts of vector-to-
raster interpolation. This situation is illustrated in Figure 2.15 with comparison to

SRTM30 dataset.

In Figure 2.15, DTED-1 and SRTM30 DEMs are given for a geographical area
located between 28-29° east longitudes and 38-39° north latitudes. Some portions of
the DEMs are also enlarged to show the details. Since SRTM30 has a grid spacing of
30-arc seconds, which is ten times coarser than 3-arc seconds DTED-1, DTED-1
results in a sharper and more comprehensive view. However, if detailed sections are
examined, flat zones are observed in DTED-1, where hill slopes are present in
SRTM30. Even, it can be said that majority of the DTED-1 grid cells belong to flat
areas. Such flat zones are definitely not natural, and they seem to be resulting from

improper interpolation.

72



Al: SRTM30, A2: SRTM30 detail B1: DTEDI1, B2: DTEDI detail

Figure 2.15. Comparison of SRTM30 and DTED-1 DEMs

The situation can be made clearer by examining the histogram of both DEMs, which
show the distribution of grid cells with respect to their counts per elevation value.
Histograms generated for SRTM30 and DTED-1 DEMSs given in Figure 2.15 are
shown in Figure 2.16. Histogram of SRTM30 shows a continuous distribution of
elevation values, and no elevation value has an excess count of grid cells compared
with others. However, in the histogram of DTED-1, a series of high and low peaks
are observed instead of a continuous distribution. The elevation values corresponding
to these peaks show a specific pattern: high peaks are at elevations that are folds of
100, and low peaks are at elevations that are folds of 50. In the lower end of the

histogram there are also peaks at elevations that are folds of 25.
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These values show one-to-one match with elevations of contours that are used to
produce DTED-1 grids. Hence, it can be concluded that the gridding technique used
to create DEMs had definitely favored the elevations of source contours and instead
of a smooth interpolation, values of elevation contours are given to the majority of
neighboring cells. This resulted in unnatural flat zones nearby the contours. Taking
the shapes of the flat zones and observed phenomena into account, it can be deduced
that in order to produce DTED-1 datasets, first contour vectors were converted to
TIN, and then these networks were gridded. Only such a methodology could result in
DEMs similar to GCM DTED-1. Actually, this is the fastest method to obtain grids
from vector contours, and hence may be preferred by GCM to cope with high

number of tiles that should be processed.

Current flow direction/flow accumulation algorithms that are using gridded elevation
models do not perform well in flat areas, since the flow direction could not be
determined precisely. In addition to natural flat areas, if enormous numbers of
unnatural flat zones are also present in a DEM, than the flow directions and drainage
network resulting from these directions will be inaccurate, even unrealistic for most

of the time. Therefore, use of such datasets should be prevented if possible.

Although grid spacing of GCM DTED-1 dataset is superior to alternative
30-arc seconds datasets, the problem related with its production mentioned above
makes it unsuitable for use in the study. Use of this dataset for other hydrologic
applications is also not recommended. 3-arc seconds SRTM dataset, which will be
available by the mid of 2004, has the same grid spacing with GCM DTED-1 and
since it is based on satellite interferometry it is safe from interpolation errors. Hence,
it could be a good alternative to work with. Up to that time, 30-arc seconds global

elevation datasets are the best sources for accurate digital elevation data.

As stated in the review of digital elevation models, there exist several 30-arc seconds
global elevation datasets. However, GLOBE dataset that is based on cartographic
sources and SRTM30 that is based on satellite interferometry are representatives of

the latest developments, and they are superior to other available datasets. Until
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recently, GLOBE dataset was the “best” 30-arc seconds DEM, and definitely the
dataset that should be selected to work with. But SRTM30 dataset, with its uniform
accuracy and high quality data source, superceded this dataset as stated before and
illustrated in Figure 2.14. In addition to that, SRTM30 also showed that GLOBE
dataset has more problems than just accuracy and dataset production techniques

caused inappropriate results for the part covering Turkey.
For the production of GLOBE dataset, 18 different combinations of source/lineage

were used. 5 of these 18 combinations, short descriptions of which are given in

Table 2.8, are observed in the study area as shown in Figure 2.17.

Table 2.8. Description of the GLOBE source/lineage combinations for Turkey

Source
Code

0 Sea/Ocean

DTED Level 0 discrete (spot) 30” DEM, sampled from the
southwestern corner of the 30” GLOBE grid cell

2 DTED-based 30” median DEM from USGS/GTOPO30
6 DTED-based 30 “breakline” DEM from USGS/GTOPO30
7 DTED-based DEM. Linear blending between classes 2 and 6

Source/Lineage

Figure 2.17. GLOBE source/lineage map for Turkey
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Although GLOBE DEM of Turkey has a single source, which is DTED, it does not
have uniform characteristics since different resampling methods are applied to
different parts of the country. During the construction of the GLOBE, the DEMs for
Eurasia that is based on median resampling and Africa that is based on breakline
resampling favoring ridges and valleys were mosaicked along 39° North latitude, and
59° East longitude. The data were linearly blended along a 2-degree-wide zone
centered along these lines. Thus at 40° North, median derivations were used
(Class 2), at 38° North breakline methods were used exclusively (Class 6), and at
39°N 50% weighting of both of these methods was used (Class 7) (Hastings and
Dunbar, 1999). Because Turkey extends between 36 - 42° North latitudes, all these
three resampling methods are observed. Although the mosaicking of Class 2 and
Class 7 DEMs resulted in a smooth transition, which is not distinguishable, the
transition from Class 7 to Class 6 DEMs is very sharp as it can be seen from

Figure 2.18.

Figure 2.18. Difference in GLOBE DEM between two sources, Class 6 and Class 7
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In addition to presence of DEMs with different characteristics, there also exists
another problem, which is 30 arc-seconds (one grid cell) shift of Class 6 and Class 2
DEMs to the west. This shift is easily observable in GIS when both SRTM and
GLOBE DEMs are visualized on top of each other. Although it is not so easy to
realize this shift on paper, a set of elevation values are given in Figure 2.19 to
illustrate this phenomena. Since the sources are different, elevation values are not the
same for two grids; however their order of magnitude could give an idea. Portions of

grids with gray background are the ones that correspond to each other.

1210|1187 1126|1088 1118 117511051100 | 1111 {1115

119311491104 | 1115|1125 1146|1099 1108 | 1122 [ 1130

1177111351107 | 1114|1105 | *=——> | 1122|1101 |1103 | 1112|1093

1068 | 1050 | 1067 | 1055 | 958 1009|1052 1030 | 903 | 889
1000 | 951 | 946 | 966 | 944 916 | 912 | 911 | 904 | 971
SRTM DEM GLOBE DEM

Figure 2.19. Left shift of DEM grid cells in GLOBE DEM

This shift in grid cells directly affects the analyses that are based on digital elevation
data, e.g. flow direction and accumulation calculations, determination of watershed
boundaries. Its effect in the location of drainage lines are illustrated in Figure 2.20.
As it can be seen from this figure, shift of DEM cells also results in shift of drainage
lines that are based on DEM. If GLOBE DEM is used for flow direction calculations,
obtained drainage lines do not coincide exactly with reference stream lines.
However, if SRTM30 DEM is used, stream and DEM-based drainage lines are found

to be matching to each other.
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Figure 2.20. Drainage network obtained from a) GLOBE, b) SRTM30

Taking these drawbacks into account, use of GLOBE DEM is not recommended for
hydrologic applications in Turkey. In this study, SRTM30 dataset is used as the base
elevation data for all DEM based analyses.

2.3. Water Quality and Quantity Data Sources

Unlike some other countries, in Turkey there exists no single organization that is
responsible for monitoring of water resources. Instead, several organizations are
collecting hydrological data for the needs of the country. Leading organizations in

this area can be listed as follows:

e General Directorate of State Hydraulic Works (SHW),

e General Directorate of Electrical Power Resources Survey and Development
Administration (EPRSDA), and

e General Directorate of Rural Services (GDRS).

General Directorate of State Meteorological Works (SMW) can also be added to the

list in terms of meteorological data.
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Different monitoring studies, including measurements of stream flows, water levels
in lakes and reservoirs, sediment and water quality parameters, snow depths and
meteorological conditions are being conducted by these organizations. Within the
scope of this study, attention is given to the stream flow and water quality monitoring
studies. Lake monitoring stations, snow monitoring stations, meteorological stations,

and data collected by these types of stations are not studied explicitly.

In this section, general information on SHW, EPRDA and GDRS are given, stream
flow and water quality monitoring studies of these organizations are summarized,
and format of the collected data, for which an analysis system is developed as a part

of the thesis study, is described in details.

2.3.1. General Directorate of State Hydraulic Works

General Directorate of State Hydraulic Works (SHW), which is founded in 1953, is
one of the primary managerial state water agencies. The directorate that is bound to
the Ministry of Energy and Natural Resources is charged by the law to develop water
resources of the country. SHW’s main objectives are to prepare feasibility studies for
the development of water resources, to design required projects, and to construct and

operate hydraulic facilities. Specific duties of the directorate can be listed as follows:

e (Carrying out surveys for river basin management,

e Preparing master plans and feasibility reports,

e Executing technically and economically feasible water resources projects,

e Constructing dams and hydroelectric power plants,

e Building of irrigation and drainage systems,

e Constructing and operating flood-control structures,

e Modeling of hydraulic structures,

e Performing ground water studies,

e Developing and administering all the stages of water supply and treatment

works for settlements over 100,000 population.
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In order to supply data needed for its duties, SHW collects hydrometeorological data
throughout the whole country. Stream flows and sediment concentrations along the
nation’s water courses are monitored by gauging stations. Also water quality
parameters are measured by water quality monitoring stations; water levels in lakes
and reservoirs are measured by lake monitoring stations; rainfall, temperature,
evaporation, humidity and similar meteorological measurements are done by
meteorological stations; and water levels at the wells that are drilled for research and
study purposes are monitored periodically. Number of stations operated by SHW is
not constant and according to data needs it changes from year to year. By the end of
2002, there were 1139 stream flow gauging, 115 lake monitoring, 392 meteorology
and 115 snow monitoring stations operated by SHW (URL 2.22). Monitoring studies
are executed by Directorate of Observations Department of the Directorate of

Research and Planning Office, and study and planning units of regional directorates.

Raw data collected at the gauging stations are processed by the hydrologists of SHW
and final data are published as yearbooks. In these yearbooks stream flow gauging
stations that are in operation at that year are listed with respect to watersheds and for
each station detailed information is given separately. All data and information related
with a gauging station are summarized in a single page under the following sections:
General information, water year summary, daily stream flows, and monthly flow

summaries. A sample page from SHW yearbooks is illustrated in Figure A.1.
In a yearbook, the followings are provided as general information on a station:
e Geographic location (latitude/longitude and description)
e Drainage area (km?)
e Approximate Elevation (m)

e Recording period (starting and ending date)

Latitude and longitude information are given for most of the stations down to

seconds level. However, quality of data is poor and there are many cases at which
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given location do not reflect the actual geographic location. This can be easily seen
from Figure 2.21, which is generated by using latitude/longitude information
extracted from 1994 Discharge Monitoring Yearbook that is published in 1999
(SHW, 1999). According to extracted data, 140 out of 1206 stations are found to be
outside of the country boundaries of Turkey. This value corresponds to
approximately 11.6% of total number of stations, which is actually quite high. From
this figure, it can be concluded that numerical location data given in yearbooks are

not reliable. Therefore other sources should be used to map SHW gauging stations.

Figure 2.21. Distribution of SHW gauging stations according to 1994 yearbook data

The quality of drainage area data is also very questionable. Different drainage areas
are found to be stated in different yearbooks for many gauging stations, although
textual location descriptions were the same. Since change in drainage area can only
be possible when the station is moved to another location, which was not the case, it
can be concluded that quality of drainage area information is also low. Other studies
dealing with stream flow gauging stations found similar results as well (Kulga and
Dizdar, 1994). Another problem related with yearbooks is the presence of a long time

lag between the data collection and publication. For example, yearbook of 1994
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water year could be published in 1999. With data collection and processing
technologies available today, this should be definitely done in a much shorter time
period. There are many examples in the world, that show the possibility of stream
flow data analysis and publication in short time periods. Stream flow data are

published even in real-time through the Internet in several countries (URL 2.23).

As a summary of stream flow conditions at the gauging stations, average, maximum,
and minimum stream flows are given in the yearbooks both for the water year and
the whole recording period. Occurrence dates of maximum and minimum flows are
also specified. The last information given before the daily stream discharges is the
rating curve table. Critical points of the rating curve, that is used to convert water
level measurements to discharge values for that water year, are tabulated in this table.

Water levels are given in centimeters and discharges are given in m*/s (Figure A.1).

Daily discharge values are also given in tabular form. Columns in daily discharge
table are representing months in the water year, whereas rows are representing the
days in a month. A water year, for which daily discharge data are given, typically
starts on October, 1** of the previous year and ends on September, 30" of the stated
year. Daily discharge table for a water year is complete and there exists no missing
data. Daily discharge values given in the table are average values that are calculated
from a set of values measured in a day. For stations having automatic level gauging
devices (i.e. limnigraphs), average value is calculated from the graph of
measurements. Today, most of the gauging stations operated by SHW are equipped
with such devices; therefore values given in recent yearbooks are this kind. However,
there are also gauging stations at which discharges are measured one or two times in
a day. For such stations, daily average gauge height that is used to calculate daily
average discharge is found by averaging gauging heights measured at that day, and

the days before and after.

At the bottom of a yearbook page, daily discharges are summarized for each month.

Six different monthly summaries are available, which are listed below:
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e Maximum discharge (m3/s): Maximum stream flow observed in a month.

Maximum discharge is determined from instantaneous measurements if the
station has an automatic stage recorder.

e Minimum discharge (m3 /s): Minimum stream flow observed in a month. Like

maximum discharge value, it is computed from instantaneous measurements.

e Average discharge (m’/s): Average of daily mean discharges

e Yield of the basin (L/s’/km”): Shows discharge per unit drainage area. It is

calculated by dividing the average discharge (in L/s) by the drainage area of
the station.

e Flow depth (mm): Height of monthly total flow over the drainage area of the

station in mm.

e Total volume of flow (million m*): Total monthly flow in million m”.

Finally, yearly total values are given at the bottom of the page in three different units,
as million m*, mm, and L/s/km®. The locations of gauging stations are also indicated
on maps that are prepared for each watershed. Although yearbooks include
information only on gauging stations that are in operation at that water year,

locations of closed gauging stations as well are indicated on these maps (Figure A.2).

Another source for flow gauging station maps is “Album of Discharge Monitoring
Network™ published by SHW in 1988 (SHW, 1988). This album, which is prepared
to be used instead of 1:800,000 scaled “Hydrometric Monitoring Network™ map of
Turkey, includes maps that are organized in terms of watersheds. The locations of
gauging stations operated by SHW as well as by EPRSDA in each watershed are
indicated on these maps. Different symbols are used to differentiate owners of
stations from each other. Stations that are not in operation are also specified

(Figure A.3).
In addition to maps, the album also includes detailed information on SHW gauging

stations, especially on their working periods. The stations are sorted with respect to

their station numbers, and for each station the following data are given in tabular
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form: name, opening date, closure date, SHW region, station hardware, drainage
area, elevation, 1:100,000 scale map index, and latitude/longitude. The table also
includes columns for each water year starting from 1960 till 1999 (columns up to
1988 are actually used). Start and end points of a recording period at a gauging
station are noticed with ‘x’ marks in water year columns, and a line is drawn in-
between. If a station has several recording periods that are separated with periods of
no data collection, each period is marked individually. Water years before 1960 are
also indicated in a separate column as textual information (Figure A.4). By using this
table one can easily determine time periods with available data for a gauging station.
The album, together with maps and tables, is a very useful and handy source of
information, particularly for gauging station locations. However, after 15 years it
definitely became outdated and requires an update to reflect the current situation of

the stream flow monitoring network.

In addition to stream flow gauging studies, SHW also conducts water quality
monitoring studies, which were started in 1979. The number of water quality
stations, which was 65 at the beginning, is reported to be 1090 by the end of the year
2002 (Baltaci, 2003). Quality Control branches of Regional Directorates are
sampling and analyzing water quality parameters at these stations according to
Technical Methods and Sampling Principles Bulletin of Water Pollution Control
Regulation (Official Gazette No. 20748, 1991). It should be noted that the term
‘water quality monitoring station’ does not mean that a station building exists

physically. It is just used to emphasize the locations of sampling points.

Water quality monitoring studies undertaken by SHW can be divided into four
classes: general water quality, ground water quality, drinking water and project
specific. The aim of general water quality monitoring studies is to determine quality
of water bodies and differentiate polluted parts from unpolluted ones. 6, 4, or 2
samplings are done at general water quality monitoring stations in a year, and
following parameters are analyzed: stream flow, temperature, pH, electrical
conductivity, chlorine, ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, total

alkalinity, dissolved oxygen, biological oxygen demand, total organic compounds,
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ortho-phosphate, sulfate, total dissolved solids, and suspended solids. Drinking water
monitoring stations are located on water bodies that are planned or already in use for
drinking water supply. At these stations, heavy metals and drinking water quality
related parameters are also measured besides general water quality parameters. Water
quality measurements are conducted at selected ground water wells to monitor
changes in ground water quality. Ground water quality monitoring stations have their
own set of water quality parameters, which differs from general and drinking water
quality stations. Complete listings of water quality parameters analyzed at general,
drinking and ground water quality monitoring stations are given in Appendix B.
Stations that could not be classified in three types mentioned so far are operated for
data needs of different projects, which aim to develop water resources in a specific
area or to solve problems related to water resources. Therefore parameters analyzed

at such stations differ from station to station and a common list can not be given.

Current distribution of water quality stations is as follows: 62% general water
quality, 30% drinking water, 6% ground water quality, and 2% project specific
(Baltaci, 2003). According to data needs, number of samplings and locations of
sampling stations are planned yearly and a water quality monitoring works plan is

prepared for the whole country. A sample page from this plan is given in Figure A.5.

Until 1987, SHW published water quality data in the form of yearbooks. Actually
only two yearbooks exist, one for 1981-1982 that is published in 1985 and the other
for 1983-1984 that is published in 1987 (SHW, 1987). A yearbook begins with a list
of water quality stations that are operated in the period of the yearbook. In the
introduction part, general information regarding to data collection and analysis
methods are given. For each station, its number, name, and region are indicated. If
the location of the station coincides with a stream flow gauging station, the owner of
the gauging station and its identification number are also given. No geographical
information is present (i.e. latitude/longitude) except the textual location description
of the station. However maps are available for each watershed, which show the
location of water quality monitoring stations (Figure A.6). Measured data are given

in tabular form for each station and for each year separately. All measured data for a
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single parameter were not made available and just monthly averages are provided.
Number of samples collected for the parameter in a year is indicated in the first

column of the table (Figure A.7).

Since 1987, no water quality yearbook is published by SHW. Water quality data can
be obtained from Drinking Water and Sewerage Directorate of SHW on station basis
or water quality management reports prepared by the same directorate for different
watersheds at different dates can be used. A map showing the distribution of current
water quality sampling stations is also not publicly available. Studies are underway
to develop a database system to store water quality data in a format that is compatible

with EU (Baltaci, 2003).

2.3.2. General Directorate of Electrical Power Resources Survey and

Development Administration

Second largest stream flow monitoring station network of Turkey is being operated
by the General Directorate of Electrical Power Resources Survey and Development
Administration (EPRSDA). EPRSDA is an investor governmental organization that
is founded in 1935. The directorate, which is bound to the Ministry of Energy and
Natural Resources, carries out engineering services related with electrical energy

production. Main tasks of EPRSDA can be listed as follows:

e Conducting research on water resources to determine if they are suitable for
electrical energy production,

e Making hydrological studies and geotechnical surveys,

e Executing engineering services and design studies for dams and hydro
electrical power plants,

e Making researches and studies for new and renewable energy resources (e.g.
wind power, solar energy),

e Conducting surveys and studies for the rational use of energy resources.
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Since 1935, EPRSDA has been collecting stream flow data through the nation’s
water courses. In addition to stream flow measurements, sediment and water quality
monitoring studies are also being conducted since 1962 and 1970 respectively.
Currently there are 284 stream flow monitoring, 11 lake monitoring, 49 snow
monitoring, 192 monthly stream flow observation, 353 yearly stream flow
observation, 65 monthly lake monitoring and 14 meteorology stations (968 in total)

are in operation by 11 Hydrometric Region Directorates of EPRSDA (URL 2.24).

Directorate of Hydrologic Surveys Office is responsible from set-up and operation of
monitoring stations. Data collected by stream flow gauging stations are published
yearly as yearbooks. Format of published discharge yearbooks are very similar to
yearbooks published by SHW (EPRSDA, 1996a). A list of gauging stations that are
in operation is given at the beginning, which is followed by stream flow data for each
gauging station that are grouped by watersheds. Stream flow data layout is also the
same with SHW layout (Figure A.8). The only difference is presence of ‘Remarks’
section, in which comments and opinions of the hydrologist that processed the data
are given. Maps showing the locations of gauging stations are given at the end of
each chapter, which are dedicated to separate watersheds. Closed gauging stations
are also indicated on these maps (Figure A.9). In addition to these maps, sample
hydrographs of selected gauging stations are also given in yearbooks to illustrate the
flow characteristics in that water year. A single representative hydrograph is present

for each watershed (Figure A.10).

In addition to ‘Water Year Discharges’ yearbooks published periodically, monthly
discharge summaries are also published by EPRSDA as separate books titled
‘Monthly Average Discharges’. In each 5 years an updated edition of this book is
published. The latest one, which is published recently, covers a time period of 1935
to 2000 (EPRSDA, 2003). A lot of information is available from the web page of
EPRSDA as well. General information on all types of monitoring stations operated
by EPRSDA (stream flow, lake, snow, etc.) are made available for download as
separate Excel sheets that are grouped according to watersheds (URL 2.25). The

Excel sheets related with stream flow gauging stations include detailed information

88



on each gauging station, including its name, station number, opening and closing
dates, type of gauge, drainage area, elevation, code numbers of map tiles at
1:250,000 and 1:25,000 scales, and geographic coordinates in degrees. Also general
remarks exist for several stations. A sample Excel sheet is illustrated in Figure A.11.
Although majority of these information are also available in discharge yearbooks,
Excel sheet are handier since they are already in digital form and they include not
only the stations in-operation but that are also closed in time. The accuracy of station
coordinates given in these Excel sheets found to be quite accurate and consistent with
the maps given in discharge yearbooks. A map of stream flow gauging stations,
which is prepared by using latitude/longitude information given in the Excel sheets,
shows a perfect match with actual maps as shown in Figure 2.22. Another set of
Excel sheets include information on data availability. In these sheets water years are
indicated, for which stream flow data are available at each gauging station. This kind
of information is very useful, especially to determine if data is available for a study

period or not. A sample from these sheets is given in Figure A.12.

Figure 2.22. Distribution of EPRSDA gauging stations according to Excel sheets

In addition to stream flow measurements, water quality analyses are also conducted
at selected gauging stations of EPRSDA since 1970. Currently there are 92 gauging
stations at which water quality is measured (URL 2.26). Typically, water samples are

taken monthly and several water quality parameters are measured in these samples
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according to TS 266 and SHW Water Analysis Handbook standards (EPRSDA,
1996b). For special cases, there may be also more than one sampling in a month, but

this is very rare.

EPRSDA measures the same water quality parameters at all stations. The list of

analyzed water quality parameters is as follows:

e Stream flow at the time of sampling,
e Water temperature,

e Electrical conductivity,

* pH,

e Total Suspended Solids

e Salinity,

e (Carbonate (CO3"),

e Bicarbonate (HCO3),

e Sulfate (SO4"),

e Chlorine (CI),

e Sodium (Na"),

e Potassium (K"),

e Calcium + Magnesium (Ca’ + Mg ')
e Total hardness,

e Boron.

For some stations, total organic material concentration is also analyzed. As it can be
realized from the list, water quality analyses of EPRSDA focus on hardness causing
cations/anions and sediment, and do not include biological and chemical parameters
related with water pollution. Sediment concentration is very important to calculate
effective life of a dam, and also together with hardness, which results in calcification,
1s very important for mechanical parts that are used in hydro-electrical power plants
(HEPPs) to produce energy. Sulfate has corrosive effects on concrete, which is the

main construction material of the dams. This is why only such a limited set of water
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quality parameters are measured by EPRSDA, which is interested on water resources

mainly for building of HEPPs.

Water quality measurements are published periodically by EPRSDA in “Water
Quality Data for Surface Waters in Turkey” books. In these books, the latest being
published in 1996, information on both water quality stations that are in operation at
that time and that are closed previously are given (EPRSDA, 1996b). The stations are
grouped according to watersheds and for each station its name, station number,
location, drainage area, approximate elevation, and sampling period are specified.
Mean discharge and maximum/minimum electrical conductivities are also given for
the sampling period, and remarks on the station are indicated. All water quality
measurements from the start of sampling period till the evaluation time of the book
(e.g. end of 1994 for 1996 book) are given in tabular form sorted by the date of
sampling (Figure A.13). In addition to individual measurements, monthly summaries
of all measurements for the sampling period are also presented in a separate table
(Figure A.14). In this monthly summary table, stream flow and temperature are
found by taking the average of measurements directly. However, flow-weighted
averages are calculated for other water quality parameters. Number of samples used
to calculate average values for each month are indicated in a separate column. At the
end of each watershed section, a map is provided that shows watershed boundaries,
important water courses and location of water quality monitoring stations

(Figure A.15).

2.3.3. General Directorate of Rural Services

General Directorate of Rural Services (GDRS) is another organization, which
collects data related with water resources. The GDRS, affiliated to the Prime
Ministry, is responsible for land use, infrastructure and water resources development
in rural areas. Main duties of the directorate related with water sector are to provide
services to the farmers for efficient use of soil and water resources, and to protect
and develop these resources in a sustainable manner. Other duties of the general

directorate include determining essential criteria for construction, maintenance and
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operation of water and sewerage services in the rural areas; to provide tap and
drinking water to villages; and to construct and operate water distribution systems to

meet water demands of up to 500 L/s.

Different from previously mentioned organizations (SHW and EPRSDA), GDRS do
not gather nation-wide data but collects data only in small sized watersheds that are
located within the service boundaries of its research institutes. There are 21
watersheds monitored by 10 research institutes (Ankara, Tarsus, Menemen,
Eskisehir, Konya, Tokat, Samsun, Sanlwurfa, Erzurum and Kirklareli) (GDRS, 1993).
Typically in each watershed, there exist a stream flow gauging station located at the
outlet of the watershed and several meteorological stations that are distributed
uniformly within the watershed. For larger watersheds there may be more than one
gauging station. Hydrometeorological data recorded at the watersheds are published
periodically as yearbooks, which are titled “Rainfall-Runoff Yearbook of GDRS
Research Institute Watersheds”. In these yearbooks, daily stream flow data and
corresponding monthly summaries are given in the same format as SHW and
EPRSDA yearbooks (Figure A.16). Additionally, rainfall data measured at
meteorological stations are given in the format of State Meteorological Works
(SMW). Detailed information on each watershed is also made available, including
area; perimeter length; maximum, minimum and average elevation; average slope;
aspect; shape indices; total length, density and maximum order of branches; length
and slope of main channel; and curve number (Figure A.17). Although a general map
showing location of watersheds in Turkey does not exist in the yearbooks, maps are
provided for each watershed on which locations of runoff and rainfall monitoring
stations are indicated (Figure A.18). No information related with water quality can be

obtained from yearbooks published by GDRS.
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CHAPTER 3

DEVELOPMENT OF HYDROGRAPHY DATASET

In order to develop a national hydrography dataset for Turkey, hydrography thematic

layer of VMAP-0 has been used. This thematic layer consists of several sub-layers,

which are listed in Table 3.1 with their short descriptions.

Table 3.1. Sub-layers of hydrography thematic layer of VMAP-0

Sub-layer Type | Description

Watrcrsl Line | Water courses including streams and rivers

Inwatera Area | Inland water bodies

Aquecanl Line | Aqueducts, canals, penstocks

Dangerp Point | Danger causing point features, e.g. rocks and wrecks
Dangerl Line | Danger causing linear features, e.g. reefs

Miscp Point | Miscellaneous point features, e.g. islands, rapids, springs
Miscl Line | Miscellaneous linear features, e.g. dams/weirs, seawalls
Hydrotext Text | Annotations

The most important sub-layers of hydrography thematic layer are Watrcrsl and

Inwatera, which include natural streams and rivers, and natural and constructed

inland water bodies respectively. These two sub-layers form the basis of the national

hydrography dataset as it will be explained in detail in the forthcoming sections.

Aquecanl sub-layer includes man-made water courses like aqueducts and canals.

Dangerp and Dangerl sub-layers include features that may cause danger to sea

transportation. Among different types of point danger features, only rocks are present

in the area covered by Turkey, and no linear danger feature exists. Miscp and Miscl
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sub-layers include hydrography related miscellaneous point and line features. As
linear features only dams/weirs, and as point features islands and springs/waterholes
are present in these sub-layers for Turkey. The last sub-layer, Hydrotext, includes
textual annotations and is totally a supplementary sub-layer. In addition the
hydrography sub-layers mentioned so far, political boundaries and coastline sub-
layers from boundaries thematic layer of VMAP-0 are also used for the study. A
sample map showing hydrography thematic layer of VMAP-0 is given in Figure 3.1.
The numbers of features in each sub-layer for the area covered by Turkey are also

counted and tabulated in Table 3.2.

For ease of reference, attribute lists of sub-layers and their pre-defined values are
extracted from Vector Map Level 0 Performance Specification (MIL-V-89039)
document of NIMA (DOD, 1995), and summarized in Appendix C.
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Figure 3.1. Hydrography thematic layer of VMAP 0
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Table 3.2. Number of features in VMAP-0 hydrography sub-layers

Sub-layer Number of Features
Watrersl 4219
Inwatera 351
Aquecanl 26

Dangerp 11

Dangerl 0

Miscp 292

Miscl 3

As stated previously, Watrcrsl and Inwatera sub-layers include features, which are
crucial for the development of hydrography dataset. However, the features presented
in other sub-layers are not mandatory, and provide information that can be termed as
supplementary in general. Hence, these sub-layers are left in their original state and
no correction/validation studies are conducted for these sub-layers. Such studies are
done extensively for water courses and inland water bodies sub-layers, and will be
explained in detail. But first, a short review of VMAP-0 hydrography thematic map
in terms of quality and accuracy will be given with comparison to available reference

Sources.

3.1. Evaluation of Available Reference Maps

As indicated in the Chapter 2, map sources available from local institutions are not
suitable to be used as primary data sources for the study according to pre-determined
criteria. However, they can be used as reference maps in data correction and
validation steps. For this purpose, first the quality and accuracy of these maps should
be clarified. Although information related with these maps was given in Chapter 2,
no special emphasis was given at that time to their hydrography layers. Since these
layers are primary concern of the study, in this section first, they will be reviewed in
detail, and then their qualities will be tried to be identified, at least relative to each

other.
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Local map sources that are used as reference can be listed as follows:

“Administrative Units of Turkey” map of GCM

“Dams, Power Plants and Irrigation Establishments of Turkey” map of SHW

Watershed maps found in daily discharge yearbooks of SHW
1:250,000 scale thematic map of Islem GIS Corporation

In order to compare these maps, first a study area should be determined, which is
small enough to facilitate the comparison and also in which as many as possible
different hydrographic features are present. After a preliminary examination,

Beysehir Lakes region is selected for this purpose.

All reference maps, except 1:250,000 scale dataset, were available at the beginning
as paper maps only, which makes the comparison difficult. Therefore, first their parts
that include the study area are scanned and converted to raster images. Then features,
which are not related with hydrography, are deleted from the images by manual
editing. Since the maps were including many of such features, this step was very
time consuming. But at the end, very clear raster hydrography layers are obtained,
which can be compared easily. Originals of scanned maps and obtained raster
hydrography layers are given in Appendix D. All hydrography layers, including

vector datasets, are also shown side by side in Figure 3.2.

In general, as the scale of the source maps gets larger, the stream line density
increases as expected. The details of features also get finer. If two 1:1,000,000 scale
maps (VMAP-0 and GCM map) are compared, differences are observed in the
stream features shown on the maps. This is fairly predictable, since the sources and
production aims of the maps are completely different. However, stream line densities
are found to be similar to each other, which reveal that feature generalizations
applied in the maps are appropriate to their scale. Distribution of stream lines seems

to be more uniform in VMAP-O0.
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(e) Islem Dataset (1:250,000 scale)

Figure 3.2. Comparison of hydrography layers from different map sources
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1:800,000 scale maps of SHW include more stream line features, especially first-
order reaches, compared with 1/1,000,000 scale maps. At first sight, “Dams, Power
Plants and Irrigation Establishments of Turkey” map seems to have a higher stream
line density compared to the collection of maps found in discharge yearbooks, which
has the same scale. The density is even comparable to that of 1:250,000 scale map.
However, this situation is misleading since SHW map includes not only existing but
also planned water works, which will be present in the future. Also different from
other maps, this map involves irrigation systems as well. It is not easy to differentiate
these additional features from other ones; hence they can not be removed from the
map, which resulted in a higher density. But anyhow, this map is a good source to be

used as a reference.

The highest stream line density is observed in 1:250,000 scale thematic map of Islem
GIS Corporation. However, this map includes many small stream segments, which
are not connected to any stream network. Majority of these streams are connected to
main stream channels or lakes in other map sources; hence there may be some
problems related with the quality of 1:250,000 scale map. This map should be

carefully used for feature correction and validation purposes.

Independent from map source, large natural inland water bodies seem to be
accurately presented in all map sources. But shapes of small-sized lakes and
especially dams are generally varying from map to map. Use of a single reference
that is the most up-to-date among the available ones for such features may prevent

possible confusion.

In general, hydrography layers of maps that are available at hand are found to be
accurate and in better quality compared with VMAP-0 hydrography layer. Certainly,
these maps can be used as references for correction and validation water courses and

inland water bodies of VMAP-0 dataset.
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3.2. Correction and Validation of Inland Water Body Features

Inland water bodies sub-layer of VMAP-0 includes three different types of features:
perennial (permanent) inland waters, non-perennial (intermittent) inland waters, and
lands subject to intermittent inundation. Perennial inland waters include natural lakes
and constructed dams. These features are also found in other map sources; hence,
they can be easily validated. However, non-perennial inland waters and inundation
areas are unique features of VMAP-0 and neither SHW hydrography maps nor GCM
administrative map include these hydrography feature types. Therefore no validation
could be possible for these kinds of features. Since non-perennial features are not
essential elements of a hydrography dataset, these features are extracted from inland
water sub-layer and put into another sub-layer as supplementary data. Remaining
features of inland water sub-layer are examined in detail, and correction and

validation tasks are carried out.

The examination showed that the majority of permanent inland water bodies are
correctly represented in VMAP-0 inland water sub-layer, i.e. their shapes and
locations are accurate. Even small natural lakes, which are not shown in 1:1,000,000
scale map of GCM, are present in VMAP-0. However, there also exist several

problems, which can be listed as follows:

e Missing water bodies: Although natural lakes are found in excess amount,
some dams are absent in VMAP-0 inland water sub-layer. Not only small
sized but some large-sized dams are also found to be missing. But this is
especially the case for recently constructed dams, and the problem is most
probability related with the up-to-datedness of VMAP-0. Compilation dates
of ONC maps covering Turkey dates back to 1970s. Even though these maps
were revised in time, latest revisions incorporated to VMAP-0 were done at
the end of 1980s as indicated in data quality layer of the dataset. Since water

resources development of Turkey has been accelerated in the last decades,
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many dams were built since the last revision dates of the maps. Hence, these

dams are missing from VMAP-0.

e Unnamed water bodies: Attribute table of inland water sub-layer of VMAP-0
includes a name field, in which local names of water bodies were entered.
Approximately half of the water bodies in Turkey were already named,
however the remaining ones were indicated as “Unknown”. Actually majority
of these unnamed water bodies do have names, which could be found in local

sources.

e Feature delineations that differ from generally accepted boundaries:
Delineations of features naturally differ from map to map. Scale, source,
generalization methods used for mapping, and even cartographer’s personal
preferences may affect the shapes of features in the resulting map. If several
maps should be compared to each other, which is the case for validation of
VMAP-0 hydrography layer with local map sources, this fact should be taken
into consideration and small differences should be accepted to be not existent.
However in VMAP-0 there are some inland water bodies, delineations of
which differ significantly from generally accepted ones found in national
reference map sources. Especially, inland waters that are permanent but have
fluctuating shore lines are among these bodies. The Salt Lake, which is

illustrated in Figure 3.3, is a typical example

The followings have been done to correct already mentioned problems of VMAP-0

inland waters sub-layer.

Water bodies shown in all three reference maps are examined and the ones that are
missing from VMAP-0 are determined. By manual digitizing, these missing water
bodies are added to VMAP-0 dataset. 1:1,000,000 scale map published by GCM in
1998 is used as the primary reference for this task, since it is the most up-to-date

source that is available.
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(a) VMAP-0 (only permanent features) (b) VMAP-O0 (all inland water
features)

(c) 1:250,000 scale Islem dataset

Figure 3.3. Representation of the Salt Lake in VMAP-0 and reference dataset

In order to fill in the names of unnamed water bodies, first a list of such water bodies
is prepared. Then for each water body in the list, its counterpart is searched in
reference maps. If an unnamed water body is found to be present in any of the
reference sources and a name for the water body is explicitly indicated, then that
name is taken and entered to attribute table of VMAP-0. If the water body is present
in more than one reference maps and its name varies from map to map, then the
name indicated on the most recently published map is used. The names of water

bodies, for which no name could be found from reference maps, are left as
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“Unknown”. Once all unnamed water bodies are processed, names of water bodies
originating from VMAP-0 are also validated as an additional step in naming process.
If the name found in any reference map differs from the name indicated in VMAP-0

attribute table, then VM AP-0 name is changed with the one stated in local reference.

As the last step of validation and correction of inland water bodies sub-layer, the
boundaries of water bodies that differ significantly from their corresponding
delineations given in reference maps are edited manually and they are updated to

reflect generally accepted boundaries.

3.3. Correction and Validation of Water Course Features

Natural streams and rivers, which form the basis of the hydrography dataset, are
found in water courses sub-layer of VMAP-0. In addition to delineations of streams
and rivers, sub-layer also includes an attribute table containing textual information.
However, this attribute table is very limited and the only attribute related with
hydrologic characteristics of features is their seasonality, i.e. whether they are
perennial (permanent) or non-perennial (intermittent, fluctuating). There is no
discrimination between minor and major streams, and no information is present on
their length, order, and connectivity. A closer look to the dataset also reveals
existence of some geometric and hydrologic problems, which can be listed as
follows:

e Mixed stream line directions

e Missing stream lines

e Excess stream lines

e Discontinuity of stream lines at intersection points

e Discontinuity of stream lines through inland water bodies

e Shift in location of stream lines

Each of these problems is illustrated separately in Figure 3.4a through Figure 3.4f

with actual samples from the dataset.
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(a) Mixed stream line directions (b) Missing stream lines
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(c) Excess stream lines (d) Discontinuity of stream lines

through inland water bodies

(e) Discontinuity of stream lines () Location shift in stream lines
at intersection points

Figure 3.4. Hydrologic problems of VMAP 0 Hydrography Layer
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Solving the problems requires a systematic approach and step-by-step processing of
the dataset. The order in which the problems are dealt with is important, and it is
determined that the order should be as follows for a satisfactory and efficient

correction and validation process.

1. Correction of wrong stream line directions

Establishment of connectivity through inland water bodies
Establishment of connectivity at stream line intersections
Addition of missing stream lines

Removal of excess stream lines

A i

Entry/Update of textual attribute data

Following the order given above, majority of the problems are solved and a better
quality hydrography dataset is obtained through the study. Complete descriptions of
the problems are given below, and solution techniques used for each problem are
explained in detail. Additional discussion is also present on completeness of attribute

data.

3.3.1. Mixed stream line directions

In order to have a hydrography dataset that can be used for hydrologic ordering and
up-stream/down-stream navigation, each stream line should have a direction that is
consistent with actual flow direction of the stream. Alternatively, this information
could be encoded in the attribute table as well. However, VMAP-0 water courses
sub-layer neither includes such a field in its attribute table, nor care has been paid to
the stream line directions during the development of the dataset. As shown in
Figure 3.5, majority of stream lines have wrong directions, which differ from

direction of actual water flow in these streams.
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Figure 3.5. Geographic distribution of stream lines with wrong flow direction

In order to correct the directions of stream lines, all stream lines are visually checked
and the ones having wrong direction are flipped manually. An arrow headed
cartographic line symbol is used for the presentation of stream lines, so that the
directions can easily be visualized. Stream lines, which are part of a stream network
draining to a sea or inland water body, are oriented such that their direction will
always point to the drainage point. No attention has been paid to any other criteria.
However, for small stream reaches, which exist as separate features and do not drain
to any water body, elevations of starting and ending points are used to determine the
flow direction. Line flipping is done in ArcView 3.2 GIS and FlipLine extension
v1.3 by Quantitative Decisions (2000) is used, which orients a polyline in the
direction pointed out by the user. At the end of the process, valid directions are
assigned to all stream lines that had wrong directions originally in VMAP-0. A

sample line flipping process is illustrated in Figure 3.6.
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Figure 3.6. A stream having reaches with (a) wrong, (b) correct directions

3.3.2. Discontinuity of stream lines through inland water bodies

Inland water bodies can be grouped into two based on their positions in the drainage

network: inland waters that are “on” the stream network and inland waters that act as

a “sink” in the stream network (Figure 3.7).

- ~ @) ®)

Figure 3.7. Inland water bodies (a) on-stream, (b) sink
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For inland waters that are on the stream network, water flows into the water body
from one or more inlets, moves through it and leaves the body from one or more
outlets again in the form of streams. Dams are typical examples of such inland
waters. Large rivers that are represented as area features instead of line features in
large scale maps can also be regarded as “on-stream” inland waters. Inland waters
that act as sinks in the stream network have one or more inlet, but they have no
outlet, at least not as a surface water stream. Water bodies that are located at the
center of closed basins are in this group. Water that is found in such water bodies is
not fresh, but salty or soda water if they do not have any outlet from the bottom. Salt
Lake and Van Lake are two examples of this kind. If there is an outlet from the
bottom of the water body, which may be the case under carstic geography, then the
water may be fresh. Lake Beysehir can be given as an example. Independent from
their water characteristics, these water bodies are end points of stream network from

hydrography dataset point of view.

Since inland water bodies that act as sinks are end points of a stream network, the
streams flowing to these bodies can be left as they are, without any further
processing. However, since the water flow is continuous through the water bodies
that are on the stream network, streams flowing to these bodies should be somehow
connected to the outlet points in order to maintain the continuity of the stream
network. Otherwise up-stream/down-stream navigation will not be possible along the

streams that have inland water bodies on their way.

In order to solve this continuity problem, all inland water bodies in the hydrography
layer of VMAP-0 are examined, and artificial stream lines are added to each water
body that is on the stream network. While adding artificial stream lines, forms of
water bodies are taken into consideration and artificial lines are drawn to
approximate actual water flow in the water body as much as possible. Addition of

artificial lines to the inland water bodies is illustrated in Figure 3.8.
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Figure 3.8. Inland water body (a) without, and (b) with artificial stream line

For the whole country a total number of 249 artificial stream lines are added to
VMAP-0 water courses sub-layer. The geographic distribution of these artificial

stream lines is given in Figure 3.9.
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Figure 3.9. Distribution of artificial stream lines
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3.3.3. Discontinuity of stream lines at intersection points

Once invalid flow directions are corrected and continuity of stream network through
the inland water bodies is established, the only probable obstacle that remains against
complete up-stream/down-stream navigation is presence of discontinuities at
intersection points of the stream lines. In order to navigate spatially through stream
lines by following the starting and ending points of streams, the stream network
should consist of separate reaches that are connected to each other by means of nodes
at their intersection points. A topologically correct dataset has always this property.
However, since VMAP-0 datasets do not have topological structures, connectivity at
nodes is not supported at all locations and there exist some discontinuities. These
discontinuities may be classified into two main groups: physically separated stream
lines, and presence of vertices at intersection points instead of nodes. Both cases are

illustrated in Figure 3.10.

O Verex @ MNode

Figure 3.10. Discontinuity due to (a) separate reaches, (b) intersection at vertexes

Since discontinuities at intersection points are in micro level, it is very difficult to
determine discontinuous stream lines just by manual inspection. Therefore, a semi-
automated discontinuity checking method is applied in the study. For this purpose,

Aselect Connect AVENUE script developed by Heines (2001) is utilized. This script
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selects all features located in up-stream or down-stream direction of a selected
feature in the network based on user’s preferences. A stream network having correct
line directions is the only requirement of the script, which was obtained in the

previous steps of the study already.

In order to determine discontinuity points, first by using location based feature
selection commands of ArcView 3.2, all stream reaches intersecting with coastlines,
inland water bodies and country boundaries are selected. Then these reaches are used
as an input to Aselect Connect script, and all up-stream reaches of these reaches are
determined. Since stream lines used as input constitute all possible stream network
end points in Turkey, selected up-stream reaches should theoretically cover the
whole country. If a stream line is not selected by the script, then this reach should be
either a small reach, which is independent in nature, or a reach with connectivity
problems that are mentioned above. Taking this fact into consideration, features that
are not selected are examined in detail and if the reason is found to be incorrect
intersection then intersections of these lines are corrected. At each intersection point,
main stream reach is divided into two parts by inserting a node and end point of
subsidiary stream is moved and snapped to this node for the correction. At the end of
this step, most of the discontinuity problems of VMAP-0 water course sub-layer are

solved.

3.3.4. Missing stream lines

When comparing a map with another reference map, it is fairly possible to have
missing features, even if the maps have the same scales. If the number of such
features is not too much, then the differences could be acceptable. However, missing
stream lines at critical locations may result in important problems. For example, if a
stream reach that should be located on the main channel of a stream network is
missing, then continuity of the network will be broken and up-stream/down-stream

parts could not be related to each other. This situation is illustrated in Figure 3.11.
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Figure 3.11. Quality control of VMAP 0 dataset with 1:250,000 river network

If present, such a situation will hinder navigation through the streams, which is one
of the most important applications of a hydrography dataset. Although this problem
is similar to separate stream lines case of discontinuity at intersection points problem
mentioned above, it is in macro scale and hence can be determined by manual
inspection. Therefore, in order to determine this kind of missing stream lines, all
features in VMAP-0 water courses sub-layer are visually checked and compared with

reference maps. Found missing lines are added to VMAP-0 by manual digitizing.
3.3.5. Excess stream lines

Like missing stream lines pointed out above, there also exist excess stream lines in
VMAP-0 water courses sub-layer when compared with reference maps. Although
presence of most of the excess stream lines is acceptable within the accuracy limits
of the dataset, some of them disturb the connectivity relations in the stream network;
hence they should be removed. Such stream lines can be divided into two groups.
The ones that can be classified in the first group are small stream lines, which are
causing tiny loops on the stream network. The others are long stream reaches that
incorrectly connect two points on the stream network to each other. Samples from

both types of stream lines are given in Figure 3.12.
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Figure 3.12. Excess stream lines causing a) loops, b) incorrect connections

Excess stream lines causing tiny loops are encountered especially on stream lines,
which are highly meandering. Also at locations, where irrigation is taking place
excessively, such stream lines are present more. VMAP-0 water courses sub-layer is
compared with reference maps for such loops and stream lines that result in loops are
deleted from VMAP-0 if they do not exist in the reference maps, especially having
the same scale like the administrative units map of GCM. Getting rid of loops also
facilitates navigation through the stream network, since the network becomes

simplified.

Excess stream lines causing incorrect connections in stream network are also
examined by comparing VMAP-0 water courses layer with reference maps. Just a
few of such excessive stream lines are found to be present in VMAP-0. Several of
them are encountered at locations where ONC tiles are coming together. Most
probably such stream lines are artifacts of digitization and merging process. All these

lines are removed from VMAP-0 dataset.
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3.3.6. Shift in location of stream lines

While working with VMAP-0 sub-layers, positional accuracy of the dataset should
always be kept in mind. When stream lines of VMAP-0 water courses sub-layer is
compared with reference maps, especially with 1:250,000 scale dataset, geographic
locations of some streams are found to be shifted. Amount of positional shift is not
uniform through the study area and differs from location to location. At some
locations (in western parts of Turkey) perfect match with reference map is observed,
while at some locations (in central parts of Turkey) significant amount of difference
is noticed. Both cases are illustrated in Figure 3.13a and Figure 3.13b respectively.
Actually, the reason for these shifts is the ultimate accuracy of VMAP-0 dataset. As
indicated in its metadata document, vertical and horizontal accuracies of VMAP-0 at
a specific location depend on the source map used at that location. Vertical

accuracies up to 2000 meters on average are indicated to be expectable (DOD, 1995).

S
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Figure 3.13. Variable positional accuracy of VMAP-0 hydrography layer

Therefore, presence of positional shifts similar to the one given in Figure 3.13b is a
characteristic of VMAP-0 and should be accepted by the user at the beginning. If
such an accuracy is not enough for the aimed application, a different and more
accurate dataset should be used. Since the accuracy is fine enough for the

development of a prototype national hydrography dataset, VMAP-0 is used in this
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study without any hesitation. However, one should pay attention to the scale at which
the dataset is displayed. Unlike traditional paper maps, for which the scale is
constant, digital maps can be visualized at any scale in GIS. But if the display scale
is larger than the source scale of the digital map, problems related with the accuracy
of the map may be more easily revealed. This situation is illustrated in Figure 3.14

for VMAP-0 hydrography layer with reference to 1:250,000 scale dataset.

VMAP-0 stream network

DEM-based drainage network
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(c) 1:2,000,000 scale
Figure 3.14. Comparison of VMAP-0 with 1:250,000 scale reference map
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Since the source scale of VMAP-0 is 1:1,000,000, at a display scale that is larger
than this scale the positional shifts get easily observable (Figure 3.14a). However, as
the display scale gets smaller, positional shifts lose their importance and resolving
the differences becomes much more difficult (Figure 3.14b), even impossible
(Figure 3.14c). Use of a scale smaller than or equal to 1:1,000,000 can be
recommended for VMAP-0 and also for the hydrography dataset produced in the

study, which is a derivative of that.

3.3.7. Lack of attribute data

VMAP-0 water courses sub-layer has a built-in attribute table that includes textual
information on features. However, as given in Appendix C the only attributes are the
name of the feature and its hydrological category, which show whether the feature is
permanent or intermittent. No other information is made available that is related with
hydrologic or physical characteristics of stream reaches. Also the names of very few
streams (approximately 15% for Turkey) are available in the attribute table. Figure

3.15 shows distribution of originally named and unnamed streams in Turkey.

Unnamed

Figure 3.15. Named and unnamed streams in VMAP-0 (original state)
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All available map sources and reference documents (like discharge yearbooks) are
examined and widely used names of unnamed streams are determined in a similar
way to unnamed inland water bodies that was explained before. At the end of the
naming process, proportion of identified streams increased to 65%, which is quite
high compared with the initial percentage. Final geographical distributions of named

and unnamed streams are given in Figure 3.16.

Named

Unnamed

Figure 3.16. Named and unnamed streams in VMAP-0 (final state)

3.4. Extensions to Feature Attribute Tables

Once inland water bodies and water courses sub-layers of VMAP-0 are corrected to
establish the continuity of features and to reflect the actual shapes of water bodies
and courses, a set of topologic and hydrologic data fields are calculated and added to

their attribute tables. These data fields are especially useful for:

e In-depth evaluation of hydrologic relationships,

e Navigation through the stream network without spatial analysis,
e (lassification of features,

e Production of thematic maps,

e Quality assessment, and

e Further hydrologic and environmental modeling studies (as basic data)
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3.4.1. Extensions to Inland Water Features Attribute Table

The following attributes are calculated and/or manually entered for all features in

inland waters sub-layer:

e Surface area: In order to calculate surface areas of inland water bodies, inland
waters sub-layer, which is in geographic coordinates, is first projected into
Albers Equal Area projection. Then surface areas are calculated by using area

calculation feature of the GIS.

e Circumference: Similar to surface area, circumference of each inland water

body is calculated using perimeter calculation feature of the GIS.

e FElevation: Average elevation of the inland water bodies are calculated from
SRTM30 DEM. For this purpose, elevation grid cells that are completely
within and intersecting with inland water bodies are extracted from the DEM,

and for each water body their arithmetic mean is taken.

e Data source: In order to indicate the source of manually added and/or updated
inland water features, a source field is added to the attribute table. Values

used in this field and corresponding sources are given in Table 3.3.

Table 3.3. Attribute codes used in data source field

Value Description

VMAPO | Vector Map Level 0 (1:1,000,000 scale)

HGK98 | “Administrative Units of Turkey* map of GCM
(1:1,000,000 scale)

SHWO92 | “Dams, Power Stations, and Irrigation Establishments” map
of SHW (1:800,000 scale)

SHWO94 | Watershed maps from 1994 Discharge Yearbook of SHW
(~1:800,000 scale)
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e Basin number: The number of the major national basin, in which the inland

water body resides, is stored in this attribute.

e Type of inland water body: This attribute is added to indicate the types of

inland water bodies, i.e. whether they are natural or man-made in origin.
Valid values are ‘Natural Lake’, ‘Saltpan’, ‘Wetland’, ‘Reservoir’, and

‘Constructed Dam’.

e Type of water: Water type of the inland water body is stated in this field.

‘Fresh’, ‘Salty’, and ‘Soda’ are available attribute values.

e Position in stream network: Information regarding to position of the inland

water body in the stream network is specified in this attribute. If the water
body is an end point in the stream network, like the water bodies located in
closed basins, then this attribute is set as ‘Sink’. If water flow is continuous in
the water body through influent and effluent points, then this water body is

indicated as ‘On-stream’.

e Turkish name: The ‘Name’ field found in the attribute table, which originates
from VMAP-0, actually contains the Turkish names of the inland water
bodies. However, the names are based on English alphabet and letter specific
to Turkish alphabet (e.g. ¢, s, 6) are not used. Also all letters are in upper
case. For example, in this field Van Lake is named as ‘VAN GOLU’. To
facilitate labeling of inland water bodies in Turkish, their names are made

available in a separate field, in which Turkish characters are used.

Extended feature attribute table of inland water bodies sub-layer, including the

original attribute fields, is summarized in Table 3.4.
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Table 3.4. Extended inland water feature attribute table

Attribute Description Value
id Unique feature ID Number
f code FACC feature code *
f code des | FACC feature code description *
hyc Hydrological category *
hyc descri | Hydrological category description *
nam Feature name *
nam descri | Feature name description *
area Surface area (km®) Number
perimeter Circumference (km) Number
elev Average elevation (m) Number
source Data source VMAPO
HGK98
SHWO92
SHW94
basin_no Major basin number Number
(1-26)
type Inland water type Natural lake
Saltpan
Reservoir
Wetland
Constructed dam
wat_type Water type of the body Fresh
Salty
Soda
position Position in the stream network On-stream
Sink
nam_tr Turkish feature name Text

" These values are given in Appendix C
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3.4.2. Extensions to Water Course Features Attribute Table

Similar to inland waters, a set of attributes are also calculated and/or manually
entered for all features in water courses sub-layer. Since data source, basin number,
and Turkish name fields among the added attributes are the same with the ones
described in inland waters part, they will not be described again in detail. Attributes

special to water courses are as follows:

e Starting/ending nodes: In order to determine starting and ending points

(nodes) of stream lines, first all nodes of stream lines are extracted from
water course coverage in ArcView 3.2 GIS using Node Information
Generating Tools (NIGT) extension developed by Horby (2002a). Extracted
nodes are uniquely identified and used to generate a point coverage, which
can be used as supplementary dataset to the existing water courses coverage.
Using the same extension mentioned above, types of nodes related with their
positions in the stream network are determined. For headwater nodes ‘Head’
is assigned as position attribute, whereas for nodes located at the mouths of
streams ‘Mouth’ and for intersection nodes ‘Connection’ values are assigned.

A stream network with node classifications is illustrated in Figure 3.17.

[ Inland water
— Stream

@ Head node
& Connection node
@ Mouth node

Figure 3.17. A sample stream network with nodes
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Using Grid Analyst v1.1 extension developed by Saraf (2000), elevation
values at the nodes are extracted from SRTM30 DEM and added to the
attribute table the coverage. Finally, numbers of stream lines that are
intersecting at the nodes are calculated for each node feature, which is a
measure of stream line divergence. Complete feature attribute table

description of stream line nodes coverage is given below in Table 3.5.

Table 3.5. Stream line node features attribute table

Attribute | Description Value

Id Unique feature identifier Sequential number

Type Node type Head
Mouth

Connection
elev Elevation at the node (m) Number
diverge Number of streams intersecting at the Number
node

In order to provide connectivity information explicitly in the attribute table of
water courses coverage, starting and ending nodes of stream lines are
determined using NIGT extension. Unique identifiers that were assigned to
these nodes previously during the production of nodes coverage are extracted
and stored in separate fields in the water courses feature table. ‘FNode’ field
is used for starting node ids, whereas “TNode’ field is used for ending node

1ds.

Stream length: Lengths of streams are determined using distance calculation
feature of GIS, and added to the attribute table. Before the calculation of the
lengths, water course sub-layer is projected from geographic coordinates into

a metric equidistant projection system in order to maintain the accuracy.

Slope: Average slopes of the stream lines are calculated by dividing the
elevation difference between starting and ending nodes into calculated stream
length. Although for majority of the stream lines calculated slopes are found

to be positive as expected, for some stream reaches negative results are
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obtained. This problem arises due to vertical accuracy of SRTM30 DEM and
positional accuracy of VMAP-0 hydrography layer, which are used as base
datasets and could not be corrected unless more accurate data sources are

used. Hence, they are left as they are.

Type of stream reach: A type field is added to the feature attribute table to

indicate the type of stream reaches with respect to their positions in the
stream network. By using spatial query features of the GIS package, stream
lines that intersect with headwater nodes calculated in previous steps are
determined and specified as ‘Headwater’ reaches. Likewise, stream lines that
intersect with mouth nodes are termed as ‘Mouth’ reaches. All other stream
lines, except artificial stream lines that are drawn manually through the inland
water bodies, are termed as ‘Ordinary’ streams. Artificial stream lines are
specified specially as ‘Artificial’. A sample stream network classified

according to stream types is illustrated in Figure 3.18.

Stream Type

— Headwater
— Mouth

— Ordinary
— Artificial

Figure 3.18. A sample stream network with stream types indicated

Number of down-stream reaches: For each stream line, the number of

neighbor stream lines that are located at the down-stream end of the stream
line, are calculated and this information is added to the feature attribute table.

In order to determine the number of down-stream segments, each stream line
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in the stream network is selected separately and streams that have starting
node ID equal to the ending node of the selected stream line are counted by
simple attribute query methods of GIS. Number of down-stream reaches is

illustrated in Figure 3.19.

[ Inland water
— Stream
@ Node

Figure 3.19. A sample stream network with number of down-stream reaches

Number of up-stream reaches: Similar to number of down-stream reaches,

number of up-stream reaches is also calculated for each stream line. For this
purpose, stream lines that have ending node ID equal to starting node is of the
selected stream are counted. Number of up-stream reaches is illustrated in

Figure 3.20.

[ Inland water

— Stream
@ Node

Figure 3.20. A sample stream network with number of up-stream reaches
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Divergence: In order to differentiate major stream line from minor ones,
where the stream network branches into two or more downstream segments, a
divergence attribute is defined for water courses sub-layer. A divergence
value of zero is assigned for single downstream reaches. Multiple
downstream reaches are numbered sequentially starting from one in the order
of decreasing majority. For example if two alternative downstream segments
are present, the major segment takes a divergence value of 1 and the minor
segment takes a value of 2. In order to assign divergence values to stream
lines, whole stream network is inspected visually and divergence values are
assigned to branched stream lines manually by personal judgment on
major/minor segments. Divergence values of the remaining stream lines are
set to zero. Sample stream network with divergence values is illustrated in

Figure 3.21.

Figure 3.21. A sample stream network with divergence values

Strahler order: Hydrologic orders of stream lines with respect to Strahler

ordering are calculated using Strahler ArcView 3.2 extension developed by
Horby (2002b) and made available as a separate field in feature attribute
table. In Strahler ordering, all stream lines with no tributaries are assigned an
order of 1. Stream order only increases when streams of the same order

intersect. For example, the intersection of a first order and second order
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stream line results in again a second order stream. But when two second order
streams intersect, the down-stream reach is assigned an order of three.
Strahler ordering of a sample stream network is illustrated in Figure 3.22.
Strahler order is an important hydrological parameter and can be used for
classification of water courses. Classification of Turkey’s surface waters
according to their Strahler orders is shown in Figure 3.23, which is produced

by using thematic mapping tools of ArcView GIS.

Figure 3.22. A sample stream network with Strahler orders

Shreve order: Similar to Strahler orders, Shreve orders of the stream lines are
also calculated and made available in feature attribute table. In Shreve
ordering, magnitudes of intersecting streams are added and assigned to the
down-stream. In order to assign Shreve orders to the stream lines, a custom
AVENUE script has been developed, which takes braiding stream lines into
account. Normally, Shreve stream order can not be calculated if a stream
network branches into two or more down stream reaches. To cope with such
situations, the algorithm chooses the stream line having the smallest
divergence value calculated previously. The orders of remaining streams are

set to zero. Shreve ordering of a sample network is illustrated in Figure 3.24.
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Figure 3.23. Strahler orders of water courses in Turkey



Figure 3.24. A sample stream network with Shreve orders

Arbolate sum: In order to calculate the arbolate sum for each stream segment,
all stream lines that are located up-stream of the stream segment are selected
by navigating through the stream network following from-node/to-node
attribute values. Stream lengths of selected stream line segments are summed
together and added to the stream length of the initial stream line. Found value
is recorded as the arbolate sum. This attribute is actually the sum of all stream
lengths that flow to the downstream end of a stream. A sample stream

network with calculated arbolate sums is given in Figure 3.25.

7(26)  3(11)

7

8 stream lenoth
(25) Arbolate sum

Figure 3.25. A sample stream network with arbolate sums
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e Path length: The distance from the down-stream end of a stream line to the
end point of the stream network is calculated for each stream line and added
to the feature attribute tables as path length. Path length is a measure of how
far a stream is located from the outlet of the stream network, and can be used
in travel-time calculations. In order to calculate path length, a custom
AVENUE script is written in ArcView 3.2. This script navigates for each
stream line down-stream in the stream network and sums the stream lengths
till the end point is reached. If a braiding segment is found during the
navigation, then the stream line having the smallest divergence value is
selected and navigation is continued in the down-stream direction. A sample

stream network with calculated path lengths is illustrated in Figure 3.26.

7(5) 3(12)

7(10)

8  Stream length
{12) Path length

Figure 3.26. A sample stream network with path lengths

Extended feature attribute table of water courses sub-layer, including the original

attribute fields, is summarized in Table 3.6.
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Table 3.6. Extended water course feature attribute table

Attribute Description Value
id Unique feature id Number
f code FACC feature code *
f code des | FACC feature code description *
hyc Hydrological category *
hyc descri | Hydrological category description *
nam Feature name *
nam descri | Feature name description *
source Data source VMAPO
HGK98
SHW92
SHW94
basin_no Major basin number Number
(1-26)
nam_tr Turkish feature name Text
fnode Starting node 1D Number
tnode Ending node 1D Number
length Stream length (km) Number
slope Average stream slope (km/km) Number
type Water course type Headwater
Mouth
Ordinary
Artificial
num down | Number of down-stream reaches Number
num_up Number of up-stream reaches Number
diverge Stream divergence Number
strahler Strahler order Number
shreve Shreve order Number
arb sum Arbolute sum of stream lengths Number
path len Path length Number

" These values are given in Appendix C
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CHAPTER 4

DEVELOPMENT OF WATERSHED BOUNDARIES

In this chapter studies conducted to determine watershed boundaries from the DEM
of the study area are explained in detail, in which automated methods are utilized that

are based on flow direction/flow accumulation calculations.

In order to determine the watershed boundaries, first the selected DEM (SRTM30) is
pre-processed and made suitable for hydrologic modeling. In this step, sinks found in
the DEM are removed and inaccurate elevation values are corrected. Then using
Deterministic-8 (D8) method developed by O’Callaghan and Mark (1984), and
Jenson and Domingue (1988) flow direction and flow accumulation grids are
calculated, from which the drainage network and watershed boundaries of the study
area are derived. Since obtained results were not satisfactory enough, a modification
of the D8 algorithm proposed by Garbrecht and Martz (1997) is also applied to the
DEM and it is found to be superior to the original algorithm yielding more realistic
drainage lines. Final drainage network and watershed boundaries are delineated using
this method. For this purpose, a set of watershed boundaries are generated using
different area thresholds. Obtained watershed boundaries are evaluated according to
the study criteria and the one that fits best to the study criteria is selected as the final
watershed boundaries dataset. At the last step, the watersheds in the selected dataset
are named according to ERICA-CS watershed coding system of EU. Tools are also

developed for navigation through the watersheds in GIS.
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4.1. Determination of the Study Area and Preparation of DEM

In order to obtain realistic drainage networks and watershed delineations from
automated DEM-based algorithms, the integrity of study area reflects a great
importance. A DEM that has an extent smaller than the estimated size of the target
watersheds will result in inaccurate delineations, especially at locations closer to the
DEM boundaries. For Turkey, which has major cross-boundary rivers having
watersheds extending to neighbor countries, the study area should not be limited to
country boundaries. In this respect, a rectangular area extending between 25° - 46°
East longitudes and 34° — 44° North latitudes is selected for the study, which
provides an additional frame of one degree in East/West and two degrees in
North/South directions on either side of the country. The extent of the study area is
illustrated in Figure 4.1.

43°00'E 45°00°E

Russia

S

Figure 4.1. Extents of the study area

Using Grid Analyst Extension v1.1 developed by Saraf (2000), SRTM30 global
elevation dataset is cropped to boundaries of the study area. Shaded relief image of
the resulting elevation model and its histogram showing the distribution of elevation
values with respect to count of grid cells are given in Figure 4.2 and Figure 4.3

respectively.
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Figure 4.2. SRTM30 DEM of the study area
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Figure 4.3. Histogram of SRTM30 DEM for the study area
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Characteristics of the DEM used for the study, including its dimensions, grid

spacing, and elevation statistics are summarized in Table 4.1.

Table 4.1. Characteristics of DEM used for the study

Number of columns 2520
Number of rows 1200

Total number of grid cells 3,024,000

X cell size (degree) 0.0083333333
Y cell size (degree) 0.0083333333
Minimum elevation (m) -14
Maximum elevation (m) 5472
Standard deviation (m) 713.7530

30-arc seconds (0.0083 decimal degrees) grid spacing of SRTM30 equates to
approximately one kilometer at the equator. But this dimension is not constant, and
decreases in the longitudinal direction as latitude increases. Approximate dimensions

of'a 30 arc-second grid cell at different latitudes are listed in Table 4.2.

Table 4.2. Dimensions of a 30-arc second grid cell at different latitudes
(USGS, 1997b)

Latitude Ground Distance (meters)
(degrees) East/West North/South
0 (Equator) 928 921
10 914 922
20 872 923
30 804 924
40 712 925
50 598 927
60 465 929
70 318 930
74 256 930
78 193 930
82 133 931
86 64 931
89 16 931
90 0 931
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Since the study area boundaries are 34 — 44 North latitudes and 25 — 46 East
longitudes, ground distance of a grid cell in North/South direction is nearly constant
and can be taken as 924 meters. However, the distance in East/West direction
changes approximately between 770 to 670 meters, with an average of 720 meter at
39° North latitude. This variation in the grid cell dimensions should always be taken
into consideration during cell based area or distance calculations. As stated explicitly
in GTOPO30 documentation, “derivative products, such as slope maps, drainage
basin areas, and stream channel length, will be more reliable if they are calculated
from a DEM that has been first projected from geographic coordinates to an equal
area projection, so that each cell, regardless of latitude, represents the same ground
dimensions and area as every other cell.” (USGS, 1997b). Since through the study
such DEM derivatives will be produced extensively, DEM of the study area, which is
in geographic coordinates, is projected into an equal area projection based on this
recommendation. For this purpose, several projection alternatives are evaluated, and
Albers Equal Area (AEA) projection, which is a conical equal area projection
recommended for regions that are predominantly East-West in extent (Richardus and

Adler, 1972), is selected for the study.

In order to project the DEM into AEA projection, first several projection parameters
should be determined. These are actually typical parameters of a conical projection,
which can be listed as first and second standard parallels, central meridian, origin of
latitude, and false easting and northing. Although conical projection (i.e. shape
preserving Lambert Conformal Conic projection) is extensively used for nation-wide
maps of Turkey, there does not exist a single set of parameters that are officially
accepted. Even GCM has two different conical projection parameter sets for Turkey,
one for northern latitudes and another one for southern latitudes. These two
parameter sets and also an additional widely-used parameter set that is developed by
Eren (1999) are given in Table 4.3. Projections obtained by using these parameter

sets are illustrated in Figure 4.4 with a map of country boundaries.
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Table 4.3. Common parameter values used in Turkey for conical projections

Parameter GCM North | GCM South Eren
1. Standard Parallel (degrees) 40.66667 36.66667 37.5
2. Standard Parallel (degrees) 43.33333 39.33333 40.5
Central Meridian (degrees) 34 34 35
Origin of Latitude (degrees) * * 25
False Easting (meters) * * 0
False Northing (meters) * * 0

* Not stated

B G Norh I GCM South B amil Eren

Figure 4.4. Comparison of different conical projection parameter sets
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Critical parameters of AEA projection are first and second standard parallels.
Various methods of determining optimum standard parallel have been proposed by
different cartographers (Synder, 1987). As a rule of thumb, the standard parallels
should be selected such that the area between the parallels will be equal to 4/6 of the
total study area. Half of the remaining area (1/6 of the total) should be in the south of
the first parallel and the other half should be in the north of the second parallel
(Richardus and Adler, 1972). According to this guiding rule, none of the parameter
sets given in Table 4.3 are “optimum” for the study area. However, for all three
parameter sets, the surface area of Turkey is calculated as 781,161 km” based on
VMAP-0 country boundaries. Although there are small differences in decimal places,
the maximum difference is found to be not larger than 4,000 m’, which is quite
insignificant for a study having a country-wide extent. Therefore, it can be concluded
that any of the parameter sets can be used for projection purposes. Because it is one
of the standards of the national mapping agency, GCM North parameter set is
selected for the study. Resulting DEM is given in Figure 4.5. Here it should be noted
that AEA is not the ultimate projection of the datasets derived in the study. Once the
required analyses are completed, obtained datasets are projected back to the

geographic coordinates for final storage.

Figure 4.5. SRTM30 DEM in Albers Equal Area projection
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4.2. Delineation of Watershed Boundaries

There are many methods available to determine the flow directions from DEMs
(Jenson and Domingue, 1988; Fairfield and Leymarie, 1991; Quinn et al., 1991; Lea,
1992; Costa-Cabral and Burges, 1994; Tarboton, 1997). These methods differ from
each other mainly by the number of possible flow directions that can be assigned to
each grid cell, input data used to assign flow directions, and flow direction
determination criteria. Some of them are very complex algorithms that require in
depth analysis and data preparation to yield satisfactory results. Since primary aim of
the study is to see whether DEM-based automated watershed extraction method can
be used to determine sub-basins of Turkey, but not to assess the accuracy of various
methods, simple and proven techniques yielding reasonable and acceptable results
are preferred for the study. In this respect, Deterministic-8 (DS8) algorithm that is
based on the principles set by O’Callaghan and Mark (1984), and Jenson and
Domingue (1988) is used. D8 algorithm is the most widely used method for drainage
network and watershed extraction from DEMs, and several implementations of the
method are readily available in many GIS packages, which makes the application of
the method much more easier compared with other methods that require custom
written scripts or programs. In this algorithm, a single downstream cell among its
eight neighbors is defined for each grid cell, so that the descent slope is the steepest.
Once the flow directions are determined, the number of cells located upstream of
each cell is calculated as a measure of flow accumulation. Applying a threshold
value to these flow accumulation values and selecting the cells with higher
accumulation values than the threshold yields a uniquely spanning drainage network.
This network represents the paths of the DEM-based watershed flow system, the
drainage density of which can be controlled by changing the threshold value. In order
to determine the boundaries of the watersheds, the intersection points of the drainage
reaches can be used as the outlets of watersheds, above which the contributing area
are determined. By choosing a contributing area threshold, watershed boundaries can

be delineated starting from the most up-stream ones.
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DS algorithm requires a DEM that is free of sinks, i.e. grid cells that are lower than
all their neighbor cells. Hence a pre-processing step is required at the beginning. As
the first step in watershed delineation process, the sinks in the SRTM30 DEM are
determined using Hydrology Modeling extension of ArcGIS 8.1 (ESRI, 2002). As
shown in Figure 4.6, sinks are generally very small in size and they are distributed
uniformly through the study area. However, large sink groups are also observed,
especially at the locations of inland water bodies. In total, 0.35% of the study area is

found to be covered with sinks.

Figure 4.6. Sinks in the SRTM30 DEM

Using Hydrology Modeling extension the sinks in the DEM are filled and using sink-
free DEM, flow direction and flow accumulation grids are calculated, which are
given in Figure 4.7a and 4.7b respectively. In order to assess the achievement of
direct application of D8 method to the DEM, vector stream network is generated
from flow direction and accumulation grids with an area threshold value of
1,000 km®. The threshold value is determined by a trial-and-error procedure, in
which a simple drainage network is targeted that can be easily compared with the
actual stream network and basin boundaries. Obtained drainage network for 1000

km? threshold value is illustrated in F igure 4.8.
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Figure 4.7. DEM based a) flow direction, b) flow accumulation grids
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Figure 4.8. Drainage network generated by D8 method (initial condition)



As shown in Figure 4.8, 1,000 km? threshold resulted in a sparse drainage network
which includes drainage lines of major rivers only. However, it was very useful for
quick evaluation purposes. Majority of the generated drainage network is found to be
consistent with the actual stream network and basin boundaries. However, drainage
lines in all of the closed basins are found to be incorrectly extending outside the
basin boundaries. Detailed views of the basins, which are given in Figure 4.9a — 4.9c,
are more clearly illustrating this situation. Problematic locations are marked with

rectangles in the figure.

(b)

hi |

Figure 4.9. Drainage lines extending beyond the closed basins, a) Burdur Lakes
Basin, b) Van Lake Basin, c) Salt Lake Basin

A close inspection of flow direction grid and filled-DEM at problematic locations
revealed that the reason for extending drainage lines was flood-filling of lakes
located at the centers of the closed basins. D8 algorithm could not differentiate small
sized sinks due to imperfections in the DEM from these lakes. Actually, this result is

not surprising, because the lakes behave like “sinks” that draw streams to
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themselves. In D8 method point of view, which does not consider the sizes of the
sinks explicitly, both lakes and sinks are similar features that should be removed
from the DEM according to process steps. The only way to prevent flood-filing of
closed basin lakes is to mark the locations of these features on the DEM and to force
the algorithm not the fill the DEM when it reaches to the marked grid cells.
According to the implementation of the D8 algorithm in ArcMap GIS, this can be
done by setting the values of grid cells belonging to the lakes to ‘No Data’ value.
Hence, the only requirement to fix the problem is information on location and extent

of lakes in closed basins.

Although inland water bodies sub-layer of the hydrography dataset includes lakes as
vector features, a grid data source with the same grid spacing of SRTM30 DEM that
includes the lakes is preferred as the data source in the study to prevent possible
discordance between vector and raster datasets. Selected dataset is Global Land
Cover Characteristics Database (GLCC), which is generated by U.S. Geological
Survey’s (USGS) Earth Resources Observation System (EROS) Data Center, the
University of Nebraska-Lincoln (UNL) and the Joint Research Center of the
European Commission (Loveland et al., 2000). The dataset is derived from
Advanced Very High Resolution Radiometer (AVHRR) data spanning a 12-month
period (April 1992-March 1993) and is based on a flexible database structure and
seasonal land cover regions concepts. As a part of the dataset, there are a common set
of derived thematic maps produced through the aggregation of seasonal land cover
regions according to several classification model and schema. As an example,
International Geosphere Biosphere Programme (IGBP) Land Cover Classification
(Belward, 1996) thematic map is illustrated in Figure 4.10 for Turkey. From IGBP
thematic map, water bodies class is extracted as a separate layer and by manual
editing the water bodies are further classified into sinks and on-stream water bodies.

Obtained water bodies map is given in Figure 4.11.
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Figure 4.10. IGBP Land Cover Classification for Turkey
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Figure 4.11. Sink and on-stream inland water bodies
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Using Map Calculator tool of ArcMap 8.2, grid cells belonging to sink inland water
bodies are incorporated into the study area DEM as ‘No Data’ values. Again, D8
method is applied to the obtained lake-aware DEM, and flow direction/flow
accumulation grids are calculated. In order to assess the progress, drainage network
is generated with the same area threshold value (1,000 km?) used initially. Resulting

drainage network is illustrated in Figure 4.12.

Legend

— Drainage network
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Figure 4.12. Drainage network after incorporation of sink lakes

As it can be seen from the figure, incorporation of lakes that behave like sinks in to
DEM significantly corrects the drainage network. The problems observed in closed
basins are completely solved and drainage lines are directed to the lakes instead of
neighboring basins. However, there are still some remaining problems. For example,
Ceyhan river joins to Seyhan river, a part of the Ceyhan river joins to Asi river, and
Gonen Creek in Marmara Basin drains to Manyas Lake, all of which are incorrect.

These problems are illustrated in Figure 4.13 in detail.
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Figure 4.13. Incorrect joins in lake-burned drainage network,
a) Gonen Creek, b) Ceyhan River

Inspection of the DEM showed that the reasons for incorrect joins are grid cells
having high elevation values that are located on the ways of the rivers. Either the
vertical accuracy or the averaging process that is applied during the production of the
original DEM may result such high elevation cells. Whatever the reason is, the
solution is manually editing the DEM and altering the elevations such that drainage
lines will follow actual stream line directions. Since the number of problematic
locations is very low, this process can be easily done without significant labor
requirement. Raster Editor extension of ArcMap is used in the study to change the
elevations of approximately 10 grid cells to correct the flow directions. This number

is very low compared with over 4 million cells existing in the DEM.

D8 method is applied to lake incorporated and manually edited DEM. Resulting
drainage network is found to be consistent with major national basin boundaries and
its shape is found to be very similar to the actual stream network. In order to further
assess the accuracy of the drainage network, several additional drainage networks are
generated with smaller threshold values, which are 50, 100, 250, and 500 km®.

Drainage networks corresponding to these thresholds are illustrated in Figure 4.14.
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Figure 4.14. Drainage networks obtained from lake-burned and manually edited DEM at different threshold values



In the form given in Figure 4.14, drainage network obtained from the DEM very
much resembles actual stream network. However, detailed comparison is required to
assess possible differences and determine the variance in between. In Figures 4.15a -
4.15f, DEM-based drainage network is compared at different locations in the country
with VMAP-0 based hydrography dataset developed previously in the study. Maps
are screen-shots taken from ArcMap GIS while the display scale was 1:1,000,000,
which is the scale of VMAP-0. As it can be seen from Figure 4.15a, 4.15b, and
4.15c, for the majority of the country the drainage network is very consistent with
vector hydrography dataset. Although several differences exist for first order stream
lines, second and higher order streams and drainage lines mostly coincide to each
other. At some locations there are small positional shifts, but this should be
acceptable if the horizontal accuracy of the datasets, especially approximately 2 km
accuracy range of VMAP-0 based hydrography set, is taken into consideration. In
addition to these positive results, there are also some negative cases. As given in
Figure 4.15d and 4.15e, some drainage lines are found to be unnaturally linear
compared with actual stream lines. Such situations are observed in areas where flow
should follow a flat terrain. Actually linear drainage lines in flat zones are a
characteristic of D8 method and could not be solved unless other methods or
modifications are used. Another problem related with drainage lines is presence of
excess amount of drainage lines. At locations, where the form of the stream network
is determined by the relief of the land surface, calculated drainage lines are found to
be very similar to actual stream lines. However, if other factors, like geology in
carstic areas, are also significantly affecting the form of the stream lines, than
obtained drainage lines may not represent the actual condition on the land. In Figure
4.15f such an example is given from Salt Lake region. Since there are many points,
at which the flow accumulation value exceeds the designated threshold value, D8
method generates drainage lines. However, due to the geology of the region, no such
stream lines do exist in reality. For such locations additional information should be
incorporated to the drainage line extraction algorithms to obtain realistic results.
Although this problem is not an easy one to solve, and requires in depth research, the
former problem related with linear drainage lines could be solved by using modified

methods as stated above.
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Figure 4.15. Comparison of DEM-based drainage network with 1:1,000,000 scale hydrography dataset



In this study the modification proposed by Garbrecht and Martz (1997) is used to
solve linear drainage lines problem. In this method, the shape of the drainage line
across the flat zones is determined according to the topography of the neighboring
cells, which are located around the flat zone. This makes flat areas drain away from
high topography and towards low topography. Outside the flat zones, original D8
method is applied. The details of the modification can be found in Garbrecht and
Martz (1997). An implementation of the modification is also readily available in
TARDEM program package developed by Tarboton (2000). TARDEM is a publicly
available suit of programs for the analysis of digital elevation data, and includes
implementation of D8 and Doo (Tarboton, 1997) flow direction methods and several
channel network definition methods like area-slope of length-area thresholds. Using
the sink-filled DEM that is previously lake-burned and manually modified, flow
directions are calculated using this program package. Comparison of the obtained
results with the previous drainage network delineation is given in Figure 4.16 with an

example.

VMAP-0 stream network

DEM-based drainage network

Figure 4.16. Comparison of direction methods a) D8, b) Garbrecht and Martz

As illustrated in Figure 4.16a and 4.16b, method proposed by Garbrecht and Martz
yield very satisfactory results and linear drainage lines are almost completely
removed. The situation is also the same for other locations, where similar problems
are observed. At this point, studies on flow direction/flow accumulation are no

further continued and obtained datasets are included to the database for further use.
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Comparison of DEM-based drainage network with 1:250,000 scale reference map
also gives interesting results. Although the source of calculated drainage network is a
30-arc second grid spacing DEM, which has an approximate scale of 1:1,000,000,
the accuracy is found to be very high when compared with 1:250,000 scale map. In
Figure 4.17, 1:250,000 (reference) and 1:1,000,000 (hydrography) scale maps are

compared with drainage network for the same area. Detailed views are also given.

a.1) 1:250,000
NLF

’ = e M
e ’ = ek A Y
N 7 /

A I e

‘1‘ 7 Rt b =T ) T
{ v,

L ¥ , s

< il

b.1) 1:1,000,000

S5 AL

Q

1:250,000 scale reference stream network

DEM-based drainage network

Figure 4.17. Comparison of 1:250,000 and 1:1,000,000 maps with drainage network

As it can be seen from detailed views in Figure 4.17, calculated drainage network
gives a very good fit with 1:250,000 scale reference map. Even, the position shifts
are less in 1:250,000 scale map compared with 1:1,000,000 scale hydrography
dataset. Actually, SRTM30 DEM used for the study has a very high vertical accuracy
due satellite interferometic production methods, which results in high positional

accuracy of drainage lines.
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In order to determine watershed boundaries for Turkey, flow direction and flow
accumulation grids calculated in the previous step are utilized. Once these grids are
at hand, the only requirement to determine the watershed boundaries is selection of
area threshold, like that case for drainage network determination. However, this time
larger threshold values compared to drainage network part should be used to obtain
reasonable number of watersheds. Low threshold values result in enormous number
of small watersheds that do not have hydrologic meaning. In contrary, very high
threshold values result in very large watersheds that are not very useful to create a
nested-level hierarchy. Therefore a trial-and-error approach is required to determine
an optimum threshold value. But before determining the boundaries of sub-basins, it
is wiser to determine the accuracy of DEM-based watershed extraction method.
Similar to drainage network case explained above, this could be done by comparing
already existing national major basin boundaries with the ones that will be

determined automatically from DEM.

For this purpose first, small sized watersheds are generated by using a very small
(50 km?) area threshold. Then, obtained watersheds are merged together based on the
stream networks of major basins to obtain their DEM-based delineations. Location
based selection commands of ArcMap GIS are used to select small watersheds for
merging. Obtained DEM-based national basins with comparison to actual basins are
given in Figure 4.18. As it can be seen from the figure, the accuracy of DEM-based
watershed delineation is quite high. Almost all of the basin boundaries coincide to
each other. Only small differences are observed in South-West Anatolia, around the
closed basins. Surface areas of the basins are good measures for comparison, since
they can be computed precisely both for actual and DEM-based basins. Table 4.4
lists surface area values calculated for each basin. These values are also drawn as
scatter plot in Figure 4.19, where the axes are the surface area of the features. A
nearly perfect straight line is obtained in the figure, which shows that the surface
areas are pretty much the same. As it can be clearly seem from maps, tabular values
and charts, DEM-based watershed delineation method is accurate and hence, it can

be used to determine sub-basin boundaries.
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Figure 4.18. Comparison of actual basins with DEM-derived basins



Table 4.4. Comparison of surface areas of actual and DEM-based basins

Surface Area (km” -

Watershed DEM-based (Actu)al le{ﬁ/?;nce
Merig 14,452 14,278 1.22
Marmara 24,757 24,695 0.25
Susurluk 23,834 23,865 -0.13
North Aegean 9,170 9,130 0.44
Gediz 175,744 176,075 -0.19
Kiigiik Menderes 7,148 7,117 0.44
Biiyiik Menderes 25,738 25,798 -0.23
West Mediterranean 22,012 22,077 -0.29
Antalya 20,254 20,249 0.02
Burdur Lakes 6,371 6,401 -0.47
Akarcay 8,098 7,893 2.60
Sakarya 57,919 58,022 -0.18
West Black Sea 29,822 29,427 1.34
Yesilirmak 39,719 39,550 0.43
Kizilirmak 82,613 82,726 -0.14
Konya Closed 52,214 52,394 -0.34
East Mediterranean 21,702 22,077 -1.70
Seyhan 21,823 21,893 -0.32
Asi 7,242 7,270 -0.39
Ceyhan 22,577 22,346 1.03
Firat 122,050 123,076 -0.83
East Black Sea 23,401 23,070 1.43
Coruh 20,202 20,070 0.66
Aras 27,972 27,647 1.18
Van Closed 18,293 18,123 0.94
Dicle 54,184 54,398 -0.39
Range 4.30
Average (unsigned) 0.68

153




1.00E+11

7.50E+10

5.00E+10

DEM-Based Basin Area

2.50E+10

2.50E+10 5.00E+10 7.50E+10 1.00E+11

Actual Basin Area

Figure 4.19. Actual basin area vs DEM-based basin area plot

In order to determine sub-basins of major national basins, a set of DEM-based
drainage basins are generated by applying different area thresholds. Starting from
250 kmz, 8 different thresholds are tried up to 50,000 km®. At each level, generated
basins are first cropped to the country boundaries. To get rid of very small basins that
are artifacts of raster to vector conversion, such basins are either deleted or combined
with neighboring larger basins. For the remaining basins, several statistical measures
are calculated, which are used as supplementary data to judge on the area threshold
value that will be used to generate the final sub-basin boundaries for the study. To
illustrate obtained results, sub-basins belonging to three representative thresholds
(10,000, 1,000 and 250) are given in Figures 4.20 — 4.22. Results from other
thresholds are given in Appendix E. These figures consist of three different parts: a
map showing geographical distribution of DEM-based drainage basins, a table that
includes calculated statistics, and a histogram that show the overall distribution of
drainage basins with respect to their surface area. Basins that are located outside the
country boundaries of Turkey, including the parts of cross-boundary basins, are
shown in the maps as gray-out. Number of classes in each histogram depends on the

number of basins at that threshold value.
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a. Geographic distribution
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b. Statistics

Number of Drainage Basins

0.0 7500.0

AREA (km?)

15000.0 22500.0 30000.0 37500.0
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Figure 4.20. DEM-based drainage basins for 10,000 km? area threshold
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Figure 4.22. DEM-based drainage basins for 250 km” area threshold
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As expected, the number of DEM-based drainage basins increases as the threshold
value decreases. On the contrary, sizes of the basins get smaller. Number of basins
and their average, minimum and maximum surface areas are summarized in Table
4.5. Change in number of basins and average area with area threshold is also
illustrated in Figure 4.23. It should be noted that basins smaller than 30 km® in size

are taken as artifacts of raster to vector conversion and exempted from calculations.

Table 4.5. Comparison of DEM-based drainage basins

Area Number Average | Minimum | Maximum
Threshold . Area Area Area
(kmz) of Basins (kmz) (kmz) (kmz)
50,000 5 66,465.91 | 22,050.16 | 121,654.78
25,000 12 35,092.20 4,959.69 | 111,536.50
10,000 40 14,140.16 606.01 41,154.75
5,000 69 8,551.99 158.01 38,221.88
2,500 140 4,423.39 118.49 34,128.56
1,000 359 1,857.89 39.94 10,693.69
500 708 981.45 32.06 6,444.56
250 1458 490.03 32.06 3,808.12
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Figure 4.23. Change in number of basins and average basin area with threshold
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Although sizes of the basins get smaller as their number increases, the total area
covered by them increases. This can easily be seen in the Figures 4.20 — 4.22. At a
threshold value of 10,000 km?, a very large part of the country could not be covered
with basins. This part includes some major national basins as well. As threshold
value decreases, large basins are divided into smaller sub-basins and also basins get
started to be formed in the areas that are not covered by the basins previously. At a
threshold value of 250 km? almost all of the country is covered with basins.
However, there are still uncovered parts remaining, especially around the sea and
lake coasts. In order to cover these locations, much smaller threshold values should
be used. Theoretically, threshold values can go down to the grid cell size of the DEM
used for calculations. However, such low threshold values result in basin boundaries
that do not have any hydrological meaning and that are nonsense. Also as the
threshold value decreases, additional area covered at each step also gets smaller
compared with the previous step. Therefore additional area that is covered may not
be noteworthy compared with increase in the number of basins, which make the
management of basins difficult. This situation is illustrated in Figure 4.24 for the
values used in the study. It may be concluded that one should stop at a threshold
value that satisfies the needs, and if required remaining uncovered parts should be

either manually delineated or left as they are.

Based on this principle, obtained DEM-based basins at each threshold value are
evaluated to determine the optimum threshold value for the study. Since the primary
aim of this part of the study is delineation of sub-basins of major national basins, an
additional criteria also appears naturally, which is to have at least 26 basins. This
condition could not be proven by 50,000 and 25,000 km? threshold values; hence
they are directly eliminated. Although at 10,000 and 5,000 km® threshold values
there exist more than 26 basins, some major national basins could not be delineated
at those levels. For example North Black Sea, North Mediterranean, and Marmara
basins could not be generated at these thresholds, as shown in Figure 4.25 for

5,000 km? threshold. Therefore these thresholds are also removed from the list.
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Figure 4.24. Additional area covered by DEM-based drainage basins at each threshold value
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Figure 4.25. National major basins not covered by 5000 km? threshold value

While 2,500 km? threshold is better than 5,000 and 10,000 in terms of delineation of
national major basins, Marmara basin still could not be delineated to its sub-basins at
this threshold value. Therefore only three thresholds are left, one of which could be
used as the final value: 250 km?, 500 km?, and 1,000 km®. There exist approximately
1500 DEM-based drainage basins in the dataset generated with 250 km? threshold.
Compared with 26 national basins, that means more than 50 folds increase in the
number of basins, which is quite high actually. Starting with such a high number of
basins may complicate the management and justification of basins, especially for a
pilot study like this one. With better quality and smaller grid spacing DEMs, this
threshold value, even smaller ones, could be used nationally. However, for SRTM30
more than 1,000 basins will be too much and loss in accuracy will be unpreventable.
Hence, 250 km® threshold value is not preferred for the study. Remaining two
threshold values, 500 and 1,000 km?, are found to be appropriate for the study. The
former threshold has approximately two folds more basins than the latter. Number of
sub-basins in each major national basin for 500 and 1,000 km? thresholds are given

in Table 4.6.
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Table 4.6. Comparison of surface areas of actual and DEM-based basins

Number of Sub-Basins

Watershed 1,000 km” 500 km”
Threshold Threshold

Meri¢ 12 21
Marmara 4 12
Susurluk 14 20
North Aegean 2 7
Gediz 7 15
Kii¢iik Menderes 3 3
Biiylik Menderes 13 21
West Mediterranean 3 14
Antalya 8 15
Burdur Lakes
Akarcgay 2 8
Sakarya 30 61
West Black Sea 11 19
Yesilirmak 16 38
Kizilirmak 37 85
Konya Closed 23 48
East Mediterranean 6 18
Seyhan 12 18
Asi 5 5
Ceyhan 12 20
Firat 67 130
East Black Sea 6 13
Coruh 8 16
Aras 11 26
Van Closed 7 8
Dicle 38 65
TOTAL 359 708
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Average sub-basin per national basin is approximately 14 for 1,000 km” and 27 for
500 km” threshold values. Although the number of sub-basins in each national basin
is low in 1,000 kmz, there exists more than one sub-basin for each basin. Hence, this
threshold value is a limit to delineate sub-basins of all national basins. A higher
threshold may result in no sub-basin situation like the case in 2,500 km® threshold.
The number of sub-basins, which is more than 350, is also a good starting point for
future studies and applications. This many features can be processed even manually;
hence data management will be easier compared with other thresholds. Although
500 km? has more detailed sub-basin delineations, due to these reasons 1,000 km? is
selected as the final area threshold for the study and further data processing is done
on sub-basins dataset generated by this threshold value only. It is interesting to note
that the average size of DEM-based watersheds generated with selected 1,000 km?
threshold value is very close to the average size of sub-basins in U.S. As given in
Table 1.2, average size of U.S. sub-basins is 1,820 kmz, whereas the average size of
1,000 km? threshold value watersheds is 1,857.59 km?. This similarity can also be
used as a measure of proper selection of the threshold value. Such a similarity was

also observed between national major basins of Turkey and basins of U.S previously.

4.3. Coding DEM-based Watersheds

After the generation of the sub-basin boundaries, the next step is uniquely coding
these sub-basins, so that they can be easily identified and differentiated from each
other. There are several coding system alternatives that are used in different
countries. In U.S., watersheds are named according to a hierarchical coding system.
In this system, larger watersheds are divided into smaller sub-watersheds by forming
nested levels. Application of such a leveled watershed cataloging system requires
generalization of watersheds from a lower level to a higher level. Starting from the
smallest ones, the watersheds should be merged together to obtain higher level units
at each level. A previous pilot-scale study conducted in Kiigiilk Menderes Basin to
assess the applicability of U.S. cataloging system to Turkey showed that

generalization process gets complicated as the number of levels increases
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(Girgin et al., 2003). Although simple criteria, such as Strahler order of streams in
the watersheds, can be used to produce cataloging levels up to third order, it was
found out that additional criteria and special expertise are required for more levels
(Girgin et al., 2003). Therefore, additional studies are required if U.S. cataloging
method would be used. Watershed classification methodology of the European Union
(ERICA-CS) forms an easy to apply alternative, which does not require merging of
watersheds. The coding system of ERICA-CS explicitly creates nested watershed
hierarchy based on the position of watersheds along the stream network. Therefore
no additional criteria are needed. Also since Turkey is a candidate for being an EU-
member country, use of ERICA-CS will be more appropriate for the future. Hence,
ERICA-CS is selected as the watershed classification methodology for DEM-based

watersheds generated in this study.

ERICA-CS, which is a combination of German and Norwegian coding systems,
provides explicit information on the sea that the watershed drains to. It allows
straightforward identification of all areas above and below a given point, thus
provides an indicator of position. Also it denotes the size of the watershed within
predefined ranges. The system is flexible in that it can accommodate additions to the
watershed or stream dataset and allow an indefinite depth of watershed coding. The

system uses a combination of the following codes (Flavin et al., 1998):

e A marine code to identify the sea that the watershed drains to,

e A marine border code for the mouth or costal stretch draining to the sea of
interest, or sea/ocean adjoining that sea,

e A series of nested catchment codes, and

e A catchment size indicator

The code is in the form of MM BBB N1 N2 N3 N4 A, where MM = a two digit
marine code, BBB = a three digit marine border code, N1-N4 = two digit nested
catchment codes (their number may be more), and A = a single character area band.

As marine code, International Hydrographic Bureau coding system is used.
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According to this system, Mediterranean Sea has a code of 28, Sea of Marmara has a
code of 29 and Black Sea has a code of 30. Starting from 1, even marine border
codes are assigned to the stream mouths and odd ones are assigned to coastal
stretches in between. The direction is from north to south. Nested catchment codes
are also assigned as even and odd number. For watersheds that are on the main
channel of a stream odd numbers are used, whereas for subsidiary branches even
numbers are assigned. This is continued in a nested manner until all watersheds are
numerated. Area band code indicates the size of the watershed according to
predefined classes. An example of ERICA-CS coding is given in Figure 4.26
(Flavin et al., 1998).

N 1 auo-catdm ent I 2 aub-catchm ent
boundary no . 8% 020 06 boundary no. 89 020 05 02

catchm ent /

boundary no. 89 020

Figure 4.26. Example ERICA-CS coding

Following the ERICA-CS coding system, all sub-basins in the DEM-based sub-basin
dataset generated previously are named. A sample coding is given in Figure 4.27 for

North Black Sea Basin.

ERICA-CS also facilitates up-stream/down-stream navigation of catchments.
Without any geographical analysis, just by following code numbers systematically
one can obtain for a selected watershed (i) all up-stream watersheds, (ii) up-stream
watersheds that are on the main stream, (iii) all down-stream watersheds, and (iv)

down-stream watersheds that are on the main stream.
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Figure 4.27. ERICA-CS coding in North Black Sea Basin

Because following the code numbers manually is not an easy task, tools are
developed as a part of the study to assist watershed navigation. 4 tool buttons are
added to the toolbar of View Window of ArcView 3.2 GIS. Depending on the
desired watershed navigation type, corresponding tool button should be activated and
a watershed should be selected from the map. Once the user chooses a watershed,
appropriate watersheds among the stream network are selected automatically by the
system. The algorithms developed for watershed navigation are given in Tables 4.7 -
4.10. Illustrative examples of watershed navigation are given in Figure 4.28 for

different navigation types.

Table 4.7. Algorithm to select all down-stream catchments

1dWS = Selected WS _ID
idWSPrev = ADDZERO(LEFT(idWS, 5), LEN(idWS))
QUERY(“WS_ID >=1idWSPrev and WS_ID <=idWS”, SELECT NEW)
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Table 4.8. Algorithm to select down-stream catchments

1dWS = Selected WS ID
1idWSLen = LEN(idWS)
WHILE (TRUE)
QUERY(“WS_ID = ADDZERO(1dWS, idWSLen)”, SELECT _OR)
IF (LEN(idWS) = 5) THEN BREAK
id = MIDDLE(idWS, LEN(idWS) - 2, 2)
IF (id <2) THEN
idWS = LEFT(idWS, LEN(idWS) — 2)
ELSE
IF (id MOD 2 =0) THEN id =id — 1 ELSE id =id — 2 END
idWS = CONCATENATE(LEFT(idWS, LEN(idWS) — 2),
ADDZERO(id, 2))
END
END

Table 4.9. Algorithm to select all up-stream catchments

1dWS = Selected WS _ID
idWSNext =i1dWS
WHILE (idWSNext MOD 100 = 0) idWSNext = idWSNext / 100
IF (idWSNext MOD 2 = 1) AND (LEN(idWSNext) > 5) THEN
idWSNext = TRUNC(idWSNext / 100, 0) + 1
idWSNext = ADDZERO(idWSNext, LEN(idWS))
QUERY(“WS_ID >=idWS and WS_ID < idWSNext”, SELECT NEW)
ELSE
QUERY(“WS_ID = idWS”, SELECT NEW)
END

Table 4.10. Algorithm to select up-stream catchments

1idWS = Selected WS _ID
idWSNext =i1dWS
WHILE (idWSNext MOD 100 = 0) idWSNext = idWSNext / 100
IF (idWSNext MOD 2 = 1) AND (LEN(idWSNext) > 5) THEN
id =1dWSNext MOD 100
FOR EACH iinid .. 100 by 2
idWS = ADDZERO(idWSNext + 1 - id, LEN(idWS))
QUERY(“WS_ID =1idWS”, SELECT OR)
END
ELSE
QUERY(“WS_ID = idWS”, SELECT NEW)
END
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a. Upstream along main channel (.) b. Upstream all (.)
c. Downstream along main channel () d. Downstream all (.)

Figure 4.28. Watershed navigation types
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CHAPTER 5

DEVELOPMENT OF WATER QUALITY/QUANTITY
DATA ANALYSIS SYSTEM

As explained in Chapter 2.3, great amount of stream flow and water quality
monitoring data are available for surface water bodies of Turkey. However, available
data are broken up among different organizations. This causes a lot of additional
work to be done to collect required data for water resources related studies. Although
the formats of data collected by different organizations are the same, there exist no
data analysis and visualization tools that are available for end-users. All data are
provided in numerical form and media is most of the time paper, i.e. yearbooks,
reports or print-outs. This is especially the case for data that are collected before the
second half of 1990’s. Due to today’s highly computerized analysis, modeling and
reporting needs, the end-user should have to convert these data into digital format
and use different programs and tools for visualization and analysis. In the current
tabular format of data, it is very difficult to evaluate trends in data even for a single
water year. The task gets much more complicated if several years should be
compared. This is also the case if different stations should be compared to each
other. Although maps are present, spatial aspects of collected data should have to be
evaluated manually by the user, since maps and data tables are available on different

media.

In order to solve the problems mentioned above, a GIS-based data visualization and

analysis system has been developed as a part of the thesis study. The analysis system
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is build on a database structure, which is designed according to the format of stream
flow and water quality monitoring data collected by SHW, EPRSDA and GDRS.
Since several organizations are taken into consideration during the design, data
belonging to all these organizations can be stored in the same database and can be
analyzed easily. A graphical user interface is developed on the top of GIS, which
utilizes dialogs, tables, and charts to interact with the user and visualize data stored
in the database. A number of analysis tools, both spatial and statistical, are made
available to reveal trends in data, to calculate summaries and create thematic maps.
Base map data collected from several sources, like VMAP-0 and SRTM30, are
provided as separate map layers. Hydrography, watershed, and hydrologic DEM
derivatives (flow direction, flow accumulation, etc.) datasets that are prepared in the
first part of the study are also utilized, and tools based on these datasets are provided.

The overall structure of the analysis system is illustrated in Figure 5.1.

| GRAPHICAL USER INTERFACE |

T

| Geographical Information System |
| |
Hydrography /4 /§tation|'u'laps é

Dataset

= Stream flow gauging

* Wiater corses =W ater quality manitaring
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= Watersheds I rEE:':m o
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Maps : = Monthly surrnaries
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= Digital elevation madel = Rating curves
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= Flow direction -
= Flow accumulation Water Quality
D ata
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= Administrative houndaries
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* Roads ! Railroads

Figure 5.1. Structure of the developed analysis system
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5.1. Structure of the Spatial Database System

A file based database structure is utilized to store stream flow and water quality data
and also general information related with monitoring stations. Database tables are
stored as Dbase IV files, which is the native database format of ArcView GIS 3.2
that is the selected GIS for the development of analysis system. A directory hierarchy
is created to organize the database tables. Shape files and raster grids are also
organized in two different directories in a similar way. Employed directory structure,
including stored table and coverage names, is illustrated in Figure 5.2. Short
description of the directories and files that are stored in these directories are also

given in Table 5.1.

Table 5.1. Descriptions of directories used to store files

Directory name Type of data stored
discharge Daily discharges

dsummary Water year summaries

lutable Look-up tables

mdsummary Monthly discharge summaries
raster Raster grids

rcurve Rating curves

shape Shape files

stations Monitoring stations (gauging and water quality)
template Database table templates
wquality Water quality measurements

Database tables are used for two different purposes: to store monitored data and
related summaries; and to store supplementary data that are required by the analysis
system, which will be explained in detail in the forthcoming sections. Daily
discharges, water year summaries, monthly discharge summaries, rating curves and
water quality data tables can be classified in the former type, while look-up tables

and database table templates can be classified in the latter.
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Figure 5.2. Directory structure of the spatial database system
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Look-up tables are kind of dictionaries, which include detailed information organized
in a column structure and indexed by a key attribute. They are used mainly to store
information related with organizations, basins, gauge level recorders, or program
settings. Database table templates are used internally to facilitate creation of new
database tables to store additional stream flow and/or water quality data according to
user needs. General information regarding stream flow gauging and water quality

monitoring stations are stored separately.

As shown in Figure 5.1, internal tables are unique and they are named individually.
However, this is not the case for monitored data and summaries. The number of
tables in this category depends solely on the amount of data entered to the database.
Daily discharge and monthly discharge summaries may exist for each gauging
station-water year pair. Likewise yearly stream flow summaries may exist for each
water year with changing number of stations at each year, and gauging stations may
have several rating curves depending on water years. Water quality data may also
exist for each monitoring station-year pair. It is impossible to start with a database
that is fully loaded with all stream flow and water quality data collected in previous
years by related organizations. These data could only be entered to the database step
by step in time. Also each year new data will be available. Therefore, the number of
monitoring data tables is not constant. In order to organize these theoretically

unlimited number of database tables, special naming conventions are used.

In order to differentiate organizations that own monitoring stations from each other a
single digit organization ID is defined. 26 national watersheds are indicated with
two-digit watershed IDs. Numbers given to stations by owner organizations are
stored as three-digit station IDs. By combining organization, watershed and station
IDs, unique numbers are obtained that define monitoring stations and distinguish
them from each other. For example a gauging station having a station number of 13
that is located in Meri¢ Basin and operated by SHW will have an identifier of
101013. These unique identifiers will be termed as ‘Gauging Station ID’ for stream
flow gauging stations and ‘Water Quality Station ID’ for water quality monitoring

stations throughout the text.
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Gauging and water quality station IDs are used for naming monitoring data tables.
‘owwnnn’ terms found in table names, as shown in Figure 5.2, represent these IDs.
‘yyyy’ terms designate water years and ‘cc’ terms designate rating curve numbers.
For example daily discharges are named according to ‘Dowwnnnyyyy.dbf’
convention, so 1999 water year daily discharge data of the station that were given as

an example above will be stored in ‘D1010131999.dbf" file.
List of important database tables and their short descriptions are given in Table 5.2.

Detailed information on all database tables and their structures are available in

Appendix F in tabulated format.

Table 5.2. Descriptions of important database tables

Table name Description

Dowwnnnyyyy Daily discharge table for station owwnnn and water year yyyy
Monthly discharge summary for station owwnnn and water

MSowwnnnyyyy
year yyyy

DSyyyy Discharge summaries of gauging stations for water year yyyy

RCowwnnncce cc® rating curve table of station owwnnn

WQowwnnnyyyy Water quality monitoring data table for station owwnnn and
yearyyyy

S Gauging Table of gauging stations

S Wquality Table of water quality monitoring stations

LU Organization | Look-up table of organizations

LU Basin Look-up table of basins

LU Gauge Look-up table of gauge recorders

LU Wgstype Look-up table of water quality station types
LU Mdstype Look-up table of water quality summary types

LU Wgparameter | Look-up table of water quality parameters
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There are also additional tables that are not listed in Table 5.2 and used internally
within the analysis system. Database tables are linked to each other by primary and
foreign key attributes, or by monitoring station IDs found in their filenames.
Complete listing of database tables with their attributes and relations between them
are given in Figure 5.3. In the figure, links are represented by arrow headed lines,
each starting from a foreign key in a table and ending at corresponding primary key
in another table. Attributes that are not directly connected, but associated to each
other are indicated with dotted lines. Internal tables, which are not connected to any
other table, are gathered together and given at the lower left corner of the figure.
Attributes of database tables are listed under each table name. Names of attributes
are mostly self-explanatory of their function, but complete descriptions of and
sample data for each attribute are given in Appendix F. List of attributes for each
table are determined according to data available on stream flow and water quality

monitoring, and format of SHW, EPRSDA and GDRS publications.

There exists a previous study in the literature that is related with stream flow gauging
data collected in Turkey. State Hydraulic Works Hydrometric Data Bank (DSIHVB)
developed by Karagoz in 1995 (Karagoz, 1995) was aimed to store information about
river and lake gauging stations operated by SHW. It consisted of two databases,
HC23 for stream flow data, and GOL for lake stage data. DSIHVB was actively used
in SHW for a period of time, and at that time more than 150Mb data and related
information were stored in these databases (Karagdz, 1995). INFORMIX relational
database management system was used by DSIHVB and all data were stored in
specific database tables. Although the structures of DSIHVB tables are not exactly
the same with the ones used in this study, attribute fields are mostly identical, since
the data stored in both systems are coming from the same sources. Therefore,
DSIHVB data can be transferred to the database of the analysis system developed in
this study by simple transformations. If possible, such a transfer will solve the data
entry problem for the developed system and also data can be analyzed by the user in
a more advanced GIS-based system, which is superior in data visualization and

geographical analysis.
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5.2. Development of Monitoring Station Coverages

In order to create stream flow gauging and water quality monitoring station
coverages, which are used as base datasets in analysis system, data sources that are

mentioned in Chapter 2.3 are utilized.

For EPRSDA stream flow gauging stations, related Excel sheets are downloaded
from the web site of the directorate and a point coverage is created in GIS by using
the geographic coordinates given in these Excel sheets. General information of the
stations are transferred from Excel sheets to the attribute table of the coverage in the
common format designed for the study, which is given in Appendix F. By visual
inspection, locations of gauging stations are compared with the ones given in
discharge yearbook maps for validation purposes. Locations of only two gauging
stations are found to be incorrect, and they are corrected by manual editing. Obtained

EPRSDA gauging stations coverage map is illustrated in Figure 5.4.
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Figure 5.4. Distribution of EPRSDA stream flow gauging stations
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For SHW stream flow gauging stations, a single up-to-date source similar to
EPRSDA Excel sheets is not available for the coordinates of stations. “Album of
Stream Flow Monitoring Network™ includes information for stations that are in-
operation or closed until 1988. But information on stations that are opened after 1988
should be collected from discharge yearbooks. In this manner, the coordinates of
gauging stations are extracted for 1988 album and missing stations in the album are
completed from 1994 discharge yearbook that is published in 1999. Like the
EPRSDA data, a point coverage is created in GIS by using these extracted
coordinates. However, as previously indicated in Chapter 2, the accuracies of
geographic coordinates given in these sources are found to be low. Many gauging
stations are observed to be scattered outside the country boundaries (Figure 6.1).
Although locations of several stations are tried to be corrected manually at the
beginning, since the number of stations with incorrect coordinates is quite high this
task could not be completed. Instead of this, the watershed maps given in the
appendix of 1994 discharge yearbook, on which the locations of gauging stations are
marked, are scanned to create raster maps. These raster maps are geo-rectified using
Rectification tool of ArcMap 8.2 and combined together to obtain a single raster map
coverage. As indicated in Chapter 2, neither grid nor geographic coordinates were
available in these maps; hence, watershed boundaries and settlement markers are
used as control points in rectification and after an intensive work, reasonable results
could be obtained. Using the final raster dataset as a base map, gauging stations are
digitized manually to produce SHW gauging stations coverage. Obtained coverage
map is illustrated in Figure 5.5. Compared with the map generated at the beginning
(see Figure 6.1), a significant amount of increase in accuracy is observed. However,
compared with EPRSDA gauging stations coverage obtained accuracy is still low,
and the coverage should be used carefully by considering possible positional shifts
due to rectification. As a last step, general information related with gauging stations
are collected from 1994 discharge yearbook and 1988 album, and entered to the
attribute table of the coverage like done for EPRSDA coverage before.
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Figure 5.5. Distribution of SHW stream flow gauging stations

Since the number of stream flow gauging stations owned by GDRS is low and they

are distributed in a limited geographical extend, these stations are not included

explicitly to the station database of the analysis system. However, the analysis

system is fully compatible with the data collected by GDRS and it can be used

directly without any modification. GDRS is already defined in the system as an

organization owning stream flow gauging stations. Hence, the only thing that should

be done is to add station information in to G-STATIONS database table in the form

mentioned in Appendix F.

5.3. Development of Water Quantity/Quality Data Analysis System

Based on the database structure and datasets explained so far, an analysis system has

been developed that combines database, mapping, data visualization and analysis

features within a unified graphical user interface that utilizes easy to use dialogs,

tables and graphs. ArcView GIS 3.2 from Environmental Systems Research Institute

(ESRI) is used as the development platform, which supplied basic GIS, database

connectivity and data visualization needs. Since standard features supplied by the
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GIS are very limited, custom scripts are written that are working together with
custom designed dialogs to perform the tasks that are needed by the analysis system.
Using AVENUE scripting language and Dialog Designer of ArcView GIS 3.2, 115
scripts and 20 dialogs are developed that are working in conjunction with 18

different types of database tables.

Key features of the developed analysis system are as follows:

e Integrates database, mapping, data visualization and analysis tools related
with hydrographic and hydrologic data in a single program package,

e Uses a national hydrography dataset as the base dataset, that is hydrologically
validated and suitable for up-stream/down-stream navigation,

e (ives an opportunity to use nationally derived DEM-based hydrologic
cataloging units (watersheds) for area based analyses,

e Stream flow gauging and water quality monitoring stations owned by
different organizations are made available in a single map,

e (General information on monitoring stations can be accessed from an easy to
use dialog based user interface,

e Data visualization and analysis tools are provided that are compatible with
national hydrologic data formats and standards,

e Yearly summaries of stream flow gauging stations can be obtained,

e Daily discharge values recorded at gauging stations, their monthly
summaries, and yearly rating curves are made available both in tabular and
graphical formats,

e If needed, monthly summaries can be calculated automatically from daily
discharge values,

e Statistical summaries of water quality measurements can be obtained for any
water quality parameter and any time period,

e Time-wise change in a water quality parameter can be examined in detail by

the time series graphs,
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Monthly averages of water quality measurements can be calculated and

histograms showing overall distribution of the measurements can be

Thematic maps of water quality monitoring stations with respect to water

quality statistics can be created and monitoring stations can be ranked

[ ]
produced,
[ ]
accordingly,
[
automatically,
[
for reporting purposes,
[

Database tables that are required for new data entry can be created

Analysis results (maps, charts, and tables) can be inserted easily into layouts

Includes tools for up-stream/down-stream navigation of watersheds,

A typical session of the analysis system, which will be explained in detail in the

following sections, is illustrated in Figure 5.6.
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Figure 5.6. A typical session of the developed analysis system
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5.3.1. General Usage of the Analysis System: Data Entry and Data Access

A set of tools are provided with the system for the following purposes:

e Access stream flow and water quality data,

e C(reate related database tables for new data entry,
e Assess data availability,

e Facilitate data calculations, and

e Change the system settings.

‘NHD Analysis Tools’ toolbar can be used to reach aforementioned features. Each
button on the toolbar is linked to a dialog window with specific functionality

(Figure 5.7).
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Figure 5.7. NHD analysis tools
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First button on the toolbar displays ‘Station Selection Tool’ dialog. The user may
find out from this dialog, which stream flow or water quality monitoring stations of
different organizations are available in the database. Also detailed information on
general characteristics of the station and water year based monitored records can be
obtained by selecting a station from this dialog. On the ‘Station Selection Tool’
dialog there are three buttons (G, Q, and Info) and three list boxes (Organization,
Basin and Station No). In order to obtain information on a station from the dialog,
the user should first select the station type by pressing either ‘G’ or ‘Q’ buttons on
the dialog. ‘G’ button is for flow gauging stations and ‘Q’ button is for water quality

monitoring stations (Figure 5.8).
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Figure 5.8. Station selection from Station Selection Tool dialog

When the user presses any of these buttons, contents of organization list box are
updated so that it shows available organizations, which are operating specified type
of monitoring stations, from the database. Once the user selects an organization and a

watershed from the dialog, ‘Station No’ list box is also updated to reflect stations that
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are within the selected watershed and operated by the selected organization. Not all,
but the stations that are entered to the database are listed in this list box. In order to
display station information dialog, the user should select a station no and press Info
button which is the left most control in the dialog. Displayed station information
depends on the station type, i.e. whether the station is a stream flow gauging or a
water quality monitoring. Detailed explanation on this topic will be given in the

forthcoming sections.

Second button on ‘NHD Analysis Tools’ toolbar displays ‘Create Table’ dialog,
which can be used to create database tables for new data entry (Figure 5.7).
Developed analysis system deals with a wide range of data, like daily stream flows,
water quality measurements, monthly summaries, etc. There exist many database
tables, each of which is associated with different type of data and should be filled by
the user or related organization for an effective operation of the analysis system.
Although a basic set of data is already entered to the system, new data entry is
unavoidable since the sample data is very limited both in time and spatial extent.
While entering new data, several database tables should be created according to pre-
defined table structures and they should be placed into correct locations in the
directory hierarchy. An experienced user, who knows the internals of the analysis
system well, may create these tables manually using the database table creation
features of the GIS. However, this may be very time consuming and open to mistakes
that may adversely affect the operation of analysis system. In order to prevent such
mistakes and to speed up data entry process, database table creation tools are
developed for the system, which can be used even by the most inexperienced user.
‘Create Table’ dialog is the starting point of database table creation process
(Figure 5.9). The following database table types can be created by using ‘Create
Table’ dialog:

e Daily Discharge e Rating Curve
e Monthly Discharge Summary e  Water Quality

e Yearly Discharge Summary
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Once the user selects database table type that he/she wants to create from ‘Create
Table’ dialog and presses ‘Next’ button, a second dialog is displayed. The contents
of this second dialog depend on selected table type, but generally it includes basin
name, organization, station no and water year fields that should be filled or selected
by the user. According to information entered to second dialog, selected type of
database table is created based on the templates that are stored in the system
database. Secondary dialogs and sample resulting database tables are illustrated in

Figure 5.9.

Because the number of records that should be filled by the user are constant in daily
discharge and monthly discharge summary tables, these tables are created with
predefined number of empty records. The user should only enter data to appropriate
rows and columns, and there is no need to add extra rows (i.e. records) to these
tables. However this is not the case for other tables. Number of determined points on
a rating curve changes from curve to curve; hence the number of records that should
be entered to rating curve data is not constant. In order to enter rating curve data, the
user should add enough number of rows to rating curve table using record adding
feature of GIS. The case for yearly discharge summary table is also similar. In this
table, each record represents yearly discharge summary of a single stream flow
gauging station. Therefore the number of records depends on the total number of
stream flow gauging stations that are in operation in the specified water year. This
value changes from water year to water year as well. Like rating curve table, the user
should add proper number of records to the yearly discharge summary table. The last
table type that can be created from ‘Create Table’ dialog, water quality table, has a
very special situation. In this table, the number of records is limited with the number
of months in a year; thus the number of records is constant. However, water quality
parameters, which are represented as columns in the table, are changing from station
to station. The list of water quality parameters may even change for a single station
from time to time. As a result, the user should add appropriate number of columns to
this table. But this is not an easy task even for an experienced user, because each
water quality parameter requires a specific column with predefined name, type,

length and precision, all stated in LU WQPARAMETER separately.
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In order to facilitate the addition of water quality parameters into water quality
tables, ‘Water Quality Parameter Selection’ tool is developed. When a water quality
table is active in GIS application, pressing ‘Add Parameter’ button on the toolbar
displays parameter selection tool dialog (Figure 5.10). Two list boxes are located on
two sides of the dialog. List box on the left hand side includes a list of available
water quality parameters, whereas the list box on the right hand side includes a list of
water quality parameters that are already added to the database table at that time. For
a blank water quality table, selected parameters list box is empty and available
parameters list box includes all water quality parameters that are registered to the
system. The user may move any water quality parameter from one list box to the
other by using two arrow buttons that are located between the list boxes. Once
needed water quality parameters are selected, they can be added to the water quality

table by pressing ‘Apply’ button (Figure 5.10).
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Figure 5.10. Adding water quality parameters to water quality database
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All water quality parameters, which are not in the table columns before, are added to
the table directly. If there are some water quality parameters in the table columns that
are not listed in the selected parameters (i.e. removed by the user from selected
parameters list), then for each such water quality parameter the user is warned that
corresponding column will be removed from the table and all entered data will be
lost. If the user approves the removal of the water quality parameter, the column is

deleted from the table.

The number of water quality parameters measured at a station is typically in the
range of 10 to 20. Although use of water quality parameter selection tool
significantly facilitates insertion of these parameters to water quality tables, selection
of appropriate parameters from a long list of available parameters may take some
time, especially if the number of stations that should be entered to the database is
high. Taking the fact that water quality stations operated by the same organization
share a common list of water quality parameters most of the time, a template list
loading feature is added to ‘Water Quality Parameter Selection’ dialog to speed up
water quality parameter selection procedure. A set of template water quality
parameter lists are available from ‘Template’ list box that is located at the bottom of
the dialog. By selecting a template name from the list box and pressing load button
located next to it, the user may directly update the selected parameters list according
to the parameters that are listed in the template (Figure 5.11). The following

templates are currently available for selection:

e EPRSDA Water Quality Monitoring Station Parameters
e SHW General Water Quality Monitoring Station Parameters
e SHW Drinking Water Quality Monitoring Station Parameters

e  SHW Groundwater Quality Monitoring Station Parameters
Complete listings of water quality parameters for each template are given in

Appendix B.2. The user may also add new templates to the database by adding new
records to LU WQTEMPLATE table according to structure given in Appendix F.
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Figure 5.11. Loading water quality parameters template

Third and forth buttons on the ‘NHD Analysis Tools’ toolbar are related with
available data in the database. By using these buttons, information on the distribution
of available stream flow and water quality data in the database can be obtained on
station basis. Similar tables will be displayed both for stream flow and water quality
data, which have a first column that include station IDs and a number of additional
columns that include data availability information for different years. For water
quality monitoring stations, there is only one kind of data availability information,
which is whether any data exists for a year or not. Years with available data are
indicated in ‘Water Quality Data Availability” window with an ‘X’ mark. For stream
flow gauging stations, three different data may be available for a water year: daily
discharges, monthly summaries of these discharges, and water year summary.

2

Presence of daily stream flow data is indicated with a ‘D’ mark in the ‘Discharge
Data Availability’ window, whereas ‘M’ is used for monthly summaries and ‘S’ is
used for yearly summary. The contents of these tables are updated regularly before
they are displayed to the user; hence they reflect the latest conditions of the database.
‘Discharge Data Availability’ and ‘Water Quality Data Availability’ windows can be
used especially to determine the stations or time periods with missing or limited data.
Based on this information, study plans for data entry may be formed and additional

data needs may be determined.
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Fifth button on the ‘NHD Analysis Tools’ toolbar displays a dialog that is related
with analysis system settings. Currently two settings are available that can be altered
by the user. The first one, ‘Show Coordinates’, is associated with display of
latitude/longitude coordinates in dialogs. By changing this setting, the coordinates
may be displayed as degrees or decimal degrees. The second setting is related with
the naming convention of 26 national basins. As stated previously, a common
naming convention does not exist between the organizations related with stream flow
gauging and water quality monitoring. Instead of preferring a single naming
convention through the analysis system, the decision is left to the user and both
naming conventions (SHW and EPRSDA) are made available for selection. By
changing ‘Basin Names’ setting, the user may determine which naming convention

should be used in dialogs, tables and charts.

The last button on the ‘NHD Analysis Tools’ toolbar displays a tiny, but very useful
tool: Degree Calculator. The aim of this tool is to convert degrees into decimal
degrees and vice versa. Latitude/Longitude information is given as degrees (i.e. in
the form of degrees® minutes’ seconds™) in most of the yearbooks and data sources
related with stream flow and water quality monitoring. But this type is not very
suitable for storage in a database due to requirement of three separate fields. Decimal
degrees can be stored just in a single field. Therefore it is the type that is used in
database tables of the analysis system, and coordinates should be entered to the
system in this format. In order to facilitate conversion of coordinates between the
two formats, Degree Calculator could be used by the user. Entering degrees, minutes
and seconds, and pressing ‘Enter’ key will calculate decimal degrees. Likewise
entering decimal degree and pressing ‘Enter’ key will calculate degrees, minutes and

seconds.
5.3.2. Stream Flow Data Analysis Tools
As stated previously, information related with stream flow gauging stations can be

accessed in two ways: Selecting a station from ‘Station Selection Tool’ or selecting a

station from the coverage map by using ‘Info’ tool.
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In either case ‘Gauging Station Information’ dialog will be displayed on the screen,
which includes general information on the selected gauging station. In addition to
basic information like basin name, organization, station name, and station no,
detailed explanation of location of the station in terms of latitude, longitude,
elevation and narrative textual description are given. Drainage area in square
kilometers; starting date, ending date, and duration of the recording period; and type
of stage gauge used at the station are also indicated (Figure 5.8). The user can access

to stream flow summaries of the station by pressing ‘Discharge Summary’ button.

As indicated before, stream flow summaries are stored in the database as water year
based yearly discharge summaries. In order to display these summaries ‘Discharge
Information’ dialog is used (Figure 5.12). On the dialog, short name of the station is
indicated and for the selection of the water year a list box is made available. If the
user requests to see discharge summaries of a stream flow monitoring station, the
system first searches through the database and determines water years for which
yearly discharge summaries are available for the specified station. Water year list
box on the ‘Discharge Information’ is updated accordingly. The following
information is provided for each water year as a summary: minimum discharge
(m’/s) and its occurrence date, maximum discharge (m’/s) and its occurrence date,
average discharge (m’/s) and total discharge (million m®). Minimum, maximum and
average discharges that are observed not only in the specified water year, but through
the whole recording period since the opening of the station till the specified water
year are also indicated on the dialog. Additionally, remarks on stream flow in the

water year are given if they are reported.

‘Discharge Information’ dialog furthermore provides means of access to detailed
stream flow data, statistics and graphs. Rating curve that is used at the station during
the water year, discharge values recorded day by day at the station and monthly
statistics calculated from these discharges are types of information that can be
reached through ‘Discharge Information’ dialog. All these information are made
available to the user both in conventional tabular form and as interactive charts

(Figure 5.12).
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Figure 5.12. Information that can be accessed through Discharge Information dialog

In order to access detailed stream flow data and statistics, the user should use five
buttons located at the bottom of the ‘Discharge Information’ dialog. The buttons are
labeled with abbreviations of the following information representations: Rating
Curve (RC), Daily Discharge Chart (DDC), Daily Discharge Table (DDT), Monthly
Discharge Summary Chart, and Monthly Discharge Summary Table.
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Rating curve, which is used to convert stream stage values measured at the station
into stream flow values, is drawn as a chart by interpolating values of determined
points on the rating curve that are given in yearbooks in tabular form (Figure 5.12).
The shape of the curve is assumed to be linear between the points for the
interpolation. Graphical representation of the rating curve believed to be interpreted
more easily by the user compared with the tabular representation; therefore it is the
preferred representation of the analysis system. If numerical values are required, the
user can use ‘Info’ tool located on the toolbar to access discharge value at a specific

stage level by clicking on the rating curve at that level.

Tabular daily stream flow data can be accessed from the ‘Discharge Information’
dialog by pressing the ‘DDT’ button. Once the user presses this button, ‘Daily
Discharge Data’ window will be displayed (Figure 5.12). At the top of the ‘Daily
Discharge Data’ window, organization, station no and water year are indicated
separately. Daily discharges are given as a matrix, the axes being months and days in
months. In discharge yearbooks, daily discharge records are complete for a station in
a year and there exist no missing data. Therefore daily discharge table given in
‘Daily Discharge Data’ also do not include any cells with missing data. But the days

that do not exist in a year (like 3 1" of September) are indicated.

Daily discharge records could also be accessed as daily discharge graphs. By
pressing ‘Daily Discharge Chart’ button on ‘Discharge Information’ dialog, the user
may create a time series graph of all daily stream flows recorded at the station for the
specified water year. Like the rating curve graph, individual stream flows on the
graph can be determined by using ‘Info’ tool at the toolbar. An important feature of
the daily discharge chart is its interactive behavior. While the chart window is
displayed on the screen, another dialog called ‘Chart Properties’ is also made visible
to the user. ‘Chart Properties’ dialog provides user interface controls to alter the
range of stream flow data that is displayed on the chart window. This dialog and the
chart window are linked to each other, and depending on the active data range of
selected daily discharge chart (there may be more than one chart at a time), selection

of months in the list box of ‘Chart Properties’ dialog gets updated. Likewise, if the
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user changes the selection in the list box to cover a different range of months, active
daily discharge chart gets updated to show corresponding date range. This feature is
illustrated in Figure 5.13. In order to select all months in a year, the user may use
‘Select All Months’ button located at the bottom of ‘Chart Properties’ dialog. Owing
to dynamic and interactive behavior of daily discharge charts, detailed stream flow
graphs for specific intervals in a water year can be prepared and trends in stream
flow at the monitoring sites can be studied more easily. This is an important progress

on the tabular representation of daily discharge values.
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Figure 5.13. Dynamic behavior of daily discharge chart

In addition to detailed daily stream flow data, monthly stream flow summaries are
also made available to the user. Like daily data, monthly summaries are provided
both as numeric data in tabular format, and as charts for each monthly summary type.
The following monthly summaries are stored in the database for each water year of a
stream flow gauging station: total discharge (m’/s), total runoff (mm), total volume
(million m®), maximum discharge (m’/s), minimum discharge (m’/s), average

discharge (m’/s), and average yield (I/ s/km?).
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The user may enter monthly stream flow summaries manually to the database from
yearbooks. This is the suggested method of data entry, since some of the summaries
given in yearbooks, like maximum and minimum discharges, are calculated not from
daily average values, but from instantaneous stream flow values which are not
explicitly given in yearbooks. Therefore for accurate statistics the user should rely on
reported monthly summaries. However, if monthly summaries are not available or
the user does not wish to enter data into database separately, the system is capable of
calculating approximate monthly summaries from daily discharge values. If daily
discharges are available in the database but monthly summaries do not exist for a
water year and the user requests to see monthly summaries from ‘Discharge
Information’ dialog by pressing either monthly discharge summary chart (MDC) or
monthly discharge summary table (MDT) buttons, then the system asks from the user
whether monthly summaries should be calculated from daily values or not. If the user
answers affirmatively, monthly discharge summaries are calculated by using the

equations given in Table 5.3.

Table 5.3. Monthly stream flow summary statistics

Monthly summary Formula
Total discharge (m’/s "
ge (m’/s) S
i=1
Total volume (million m’) n
D" F, |-86,400 /1,000,000
i=1
Average discharge (m’/s 4
g ge (m/s) S /n
i=1
Maximum discharge (m’/s) Max(F))
Minimum discharge (m’/s) Min(F))
Total runoff depth (mm) n
D F, |-86,400 / Area-1000
i=1
Average yield (I/s/km” n
gevield( : (ZE /n]-l,OOO /Area
i=1

where; F; = daily stream flow, » = number of days in the month

Area = Catchment area of the gauging station
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Similar to daily discharge chart, monthly discharge summary chart is also dynamic
and interactive. A ‘Chart Properties’ dialog, which has a similar working principle
with daily discharge chart properties dialog, is displayed with monthly discharge
summary chart. Instead of a list of available months, a list of available summary
types is provided on the dialog. All summary types given in Table 5.1 can be selected
from this list, and corresponding bar chart can be obtained. Additionally, an area
chart showing minimum, maximum and average monthly discharges on the same
graph is also made available (Figure 5.14). Especially this last chart type summarizes
a significant amount of data in a single graph. Using ‘Info’ tool from the toolbar, the

value of the summary at a given month can be found.
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Figure 5.14. Monthly discharge summary chart examples

All charts mentioned so far are fully customizable by the user. The user may change
title, line and bar colors, and ranges of axes of the charts according to his/her needs
and resize them to any size. Charts can be inserted into ArcView Layouts to prepare
reports together with maps and tables, and to obtain hard copy outputs whenever they

are required.
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5.3.3 Water Quality Data Analysis Tools

‘Water Quality Station Information’ dialog that can be accessed similar to ‘Gauging
Station Information’ dialog includes general information on the selected water
quality station. Besides basic information like basin name, owner organization,
station name, and station no, detailed explanation of location of the station in terms
of latitude, longitude, elevation and textual description are given. Drainage area in
square kilometers; starting date, ending date, and duration of the monitoring period;
and remarks on the water quality station are also available (Figure 5.8). If water
quality station location coincides with a stream flow gauging station, gauging station
number and owner organization are specified. Hence, by using ‘Gauging Station
Information’ dialog the user may access detailed stream flow data in addition to
water quality measurements. Detailed information on measured water quality
parameters can be obtained through ‘Data Summary’ that is located at the bottom of

the dialog (Figure 5.8).

When the user presses ‘Data Summary’ button, ‘Water Quality Summary’ dialog will
be opened. Statistical summaries of the measurements for any time period can be
obtained from this dialog for a selected water quality parameter. At the top of the
dialog, name and owner of the station are indicated. The dialog includes three list
boxes; one for selection of water quality parameter and two for selection of time
period. Since the list of water quality parameters measured at a station may be
variable with time, a single list of water quality parameters that is specific to the
station is not enforced by the analysis system. Instead, a complete list of water
quality parameters that are measured by all organizations is provided, from which the
user may select the water quality parameter of concern. Complete list of water
quality parameters currently available in the analysis system is given in Appendix
B.1. If needed, the user may also add new water quality parameters to the system by
adding new records to LU WQPARAMETER database table, the structure of which
is given in Appendix F. The time period, for which statistical summaries should be

calculated, can be selected by ‘Starting Date’ and ‘Ending Date’ list boxes. By
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default, starting date it set to 1950 and ending date is set to the current year. Hence,

all data that are available in the database will be used by default.

Once the user selects a water quality parameter and determines the time period, the
analysis system automatically searches through the database and extracts all
measurements that fall into these criteria. ‘Data Summary’ part of the dialog is used
to display the summary of the results. Actually, this part of the dialog is dynamic in
nature and updates itself automatically, if any change occurs in the selection of water

quality parameter or specified time period. This is illustrated in Figure 5.15.
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Figure 5.15. Time dependency of water quality summary calculations

In this part, first the number of records that are extracted from the database is given.
If no data are found, it is specified as well. Earliest and latest monitoring dates of the
found measurements are indicated separately, since they may differ from the starting
and ending dates specified by the user. For a first-sight-evaluation of the data, nine
different statistics (maximum, minimum, average, median, range, variance, standard
deviation, skewness and kurtosis) are calculated and shown in ‘Data Summary’

frame. Equations that are used to calculate statistics are given in Table 5.4.
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Table 5.4. Water quality statistics

Statistic Formula
Maximum (Cjax) Max(C),)
Minimum (Cyin) Min(C))
n =odd C
. [(n-1)/2]+1
Median
{” =even (C(n/2)+1 + Cn/2)/2
Range Cmax - Cmin
Average (Cay) Z C, / n
i=l
Variance (c°) >.(C -C,,) /(n -1
i=l1
Standard Deviation (SD) Vol
Skewness n-y ( -C,,)° / (n—1)(n-2)SD’
i=1
n n 2
+1)Y (C,-C,.)" =3(n-1 c-C,.)°
Krtosis (1 +D2(C =C, )" =3 )(Z( , )]
(n—1)(n—-2)(n-3)SD*
where; C; = measured quality parameter value, » = number of measurements

Besides summary statistics, evaluation of the complete data is also possible in terms
of graphs. Three different types of graphs can be created by the system: time series
graph that shows all of the found measurements, monthly averages graph that is
obtained by taking the averages of the measurements based on the months of a year,
and histogram of the measurements that shows the distribution of measurements with
respect to each other. These charts are accessible through the three buttons located at
the bottom of ‘Water Quality Summary’ dialog (Figure 5.16). Time series bar chart
includes all measurements of the water quality parameter between the selected
starting and ending years. If starting and/or ending years are outside the measurement
period limits (earliest-latest measurement years) than the limiting years are taken as
minimum and/or maximum value of the time axis. Months without measurement are
indicated as ‘No Data’ on the graph. Therefore, missing monitoring data can be
easily determined from the time series graph. ‘Info’ tool on the toolbar can be used to

obtain numerical value of the measurement at a specified time.
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Figure 5.16. Charts accessible from Water Quality Summary dialog

Monthly averages bar chart is formed by calculating monthly average values of
measurements that are found from the database. Time series and monthly averages
graphs have similar characteristics. Like time series graph, if there do not exist any
data through the selected time period for a month, than the monthly average value is
indicated as ‘No Data’ in the monthly averages graph. Using ‘Info’ tool, the user
may determine the numerical value at a specified month, and also he/she can learn
how many data are used to calculate the monthly average. Last graph that can be
reached from ‘Water Quality Summary’ dialog is the histogram of measurements.
The range of water quality measurement values is divided into five equal intervals,

and the number of measurements that fall into each interval is counted. The result is
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turned into a histogram, the axes being the number of measurements and mid points
of the intervals. This histogram shows time independent distribution of the
measurements and their grouping with respect to their magnitude. Therefore it can be
used to identify the type and shape of the distribution, and also possible outliers. Like
the graphs of ‘Discharge Information’ dialog, the graphs of ‘Water Quality
Summary’ dialog are fully customizable by the user, and they can be inserted into

ArcView Layouts for reporting purposes.

Thematic maps of water quality stations with respect to statistical summaries can be
created using ‘Water Quality Classification’ tool. Water quality classification tool
button located on the toolbar of View window can be used to display ‘Water Quality
Classification’ dialog (Figure 5.17). In order to create a thematic map, the user
should first choose a water quality parameter from the list box located at the top of
the dialog. Then several classification criteria should be determined, which are
organized in three different sections on the dialog. First section includes controls
related with time period selection. The user may use two list boxes to choose starting
and ending years, for which statistical summaries will be calculated. Alternatively,
check box located at the bottom of list boxes can be used to process all available data
in the database. In this case, time period limits are not taken into consideration and
all available data will be used to calculate the statistics. 11 different statistics can be
used for thematic mapping. Available statistics are count, average, maximum,
minimum, median, range, standard deviation, skewness, kurtosis, variance and
threshold. Equations for these statistics (except threshold) are given in Table 5.4.
Threshold requires the user to specify a threshold value, which is used to group the
stations into two classes according to greatness of their average statistics from the
threshold value. Last section on the dialog is related with classification type that will
be used for thematic mapping. Four different classification methods are available,
each of which will result in different class limits, hence different thematic maps for
the same data. Equal interval, natural breaks, quantile and standard deviation
classifications can be selected by the user. For detailed description of these methods

the user should refer to ArcView GIS Users Manual (ESRI, 1999). Desired number
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of classes can also be specified. By default, equal interval classification with 5
distinct classes is used for thematic mapping. After selection of classification criteria,
the user should press ‘Create Thematic Map’ button to finalize thematic mapping
process. A new water quality monitoring stations layer will be added to the active
ArcView Project, the legend of which is set according to specified classification.
Dots with different sizes are used to represent each class as illustrated in Figure 5.17.
Water quality monitoring stations that do not have any measurement for the given
time period are also separately indicated. Obtained thematic map is very informative,
since it shows both geographic and numerical distribution of a water quality
parameter over the surface water bodies and watersheds. Using this map, problematic
locations with low environmental quality can easily be determined. Also change in
water quality along a stream, both in up-stream and down-stream directions, can be

evaluated.
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Figure 5.17. Water quality classification tool and resulting thematic map
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

The primary aims of the study were development of national hydrography and
watershed datasets that can be used in GIS to support water resources related studies,
and development of analysis tools for local hydrometric and water quality data. The
works done in the study for these purposes can be summarized step-by-step as

follows:

e Determination of watershed boundaries beyond 26 large national basins,

which can be used as cataloging units for hydrographic features,

e Development of a prototype national hydrography dataset that covers nation’s

water courses and inland water bodies,

e Development of GIS-based spatial tools that facilitate analyses on produced

national watershed and hydrography datasets, and

e Development of state-of-the-art stream flow and water quality data analysis

system that is based on the structure of nationally available data.
First two steps in this list can be termed as data preparation steps, in which already

existing data sources are collected, evaluated and processed according to the needs of

the study to create new, value-added datasets. In the third step several tools are
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developed to facilitate working with the produced datasets. Finally in the last step,
the datasets are used as building blocks in addition to a custom designed database for
the development of an analysis system that targets water quantity and quality related

data

In order to determine the watershed boundaries and drainage network, first a widely-
used and proven DEM-based watershed delineation method that is based on D8
algorithm of Jenson and Domingue (1988) has been utilized. The best public access
DEM that is currently available for Turkey (SRTM30) is used as the base dataset for
the calculations. Although obtained results were satisfactory in general, invalid
drainage networks are obtained for closed basins. Also especially in flat areas,
unnatural linear drainage lines are observed. In order to correct the drainage network
in the closed basins and their boundaries, water bodies located at the center of such
basins are extracted from satellite imagery-based land cover data and marked as
“sinks” in the DEM. Application of D8 algorithm to this lake-aware DEM solved the
problems related with invalid drainage networks. However, unnatural drainage lines
could not be corrected until a modified version of D8 algorithm has been applied.
Algorithm developed by Garbrech and Martz (1997), which takes the relief around
the flat areas into account to determine the flow direction, gave very satisfactory
results with lake-burned DEM and increased the accuracy in a significant amount.
Hence, flow direction grid produced by this method is used for the final analysis, and
drainage network and watershed boundaries are determined accordingly.
Concordance of generated watershed boundaries with the boundaries of already
existing 26 major basins is examined, and it is found that DEM-based watershed
boundaries are quite accurate. Likewise, calculated drainage network is compared
with actual stream network, and both networks are found to be very similar to each
other. Obtained watersheds are used as cataloging units for the further steps of the
study. Calculated DEM-derivatives (flow direction and flow accumulation grids),
which are used as input to watersheds delineation step, are further utilized in the
development of dynamic watershed delineation tool and they are included to the final
hydrography dataset as supplementary layers. DEM-base drainage network dataset is

also made available as a supplementary layer.
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Catchment coding system of EU, which is termed as ERICA-CS, is applied to
watersheds derived from the DEM and the watersheds are named accordingly.
ERICA-CS is found to be quite satisfactory and easy-to-apply coding system, which
facilitates the naming process. Also since coding systematic takes the position of
catchments in the stream network into consideration and nested catchment identifiers
are assigned accordingly, it provides means of up-stream/down-stream navigation
through the watersheds. To utilize this property, watershed navigation tools are
developed within GIS and made available to the user. This study is most probably
one of the first studies that applied ERICA-CS coding system and also developed

tools are the first in their kinds.

For the development of hydrography dataset, several map sources are evaluated
according to cost, public availability, map format, scale, accuracy, and labor
requirement criteria. Among the alternatives, VMAP-0 vector dataset has been
selected as the base dataset for the study, whereas the other sources are used as
reference. Water courses and inland waters sub-layers of hydrography thematic layer
of VMAP-0 are processed in several ways to end up with an accurate hydrography
dataset. Water bodies that are missing from inland water bodies sub-layer are added
to the dataset. Also the water bodies that have different boundaries from generally
accepted ones are corrected and unnamed water bodies are named. The majority of
correction and validation works are done on water courses sub-layer. In this
sub-layer, wrong stream lines directions are corrected, connectivity of stream
network is established through inland water bodies and at stream line intersections,
missing stream lines are added, excess ones are removed and textual attribute data
are updated mostly by adding previously unknown names to stream reaches. Once
these corrections are made, additional attribute data are calculated and entered to the
related database tables. Additional data include mainly hydrologic properties such as
stream length, slope, and order. Also for each stream line a unique identifier is
assigned and starting/ending nodes are extracted. These nodes and unique identifiers
are used for up-stream/down-stream navigation through the stream network. For this
purpose custom navigation tools are developed within the GIS, which can easily be

accessed through the user interface buttons.
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In the last part of the study, a GIS-based data analysis and visualization system has
been developed for stream flow and water quality data that are collected in Turkey.
The analysis system is built on a database structure, which is designed according to
format of data collected by various governmental organizations. A graphical user
interface is developed on top of the GIS, which utilizes dialogs, tables, charts and
maps to visualize data stored in the database and results of various data analyses. A
number of spatial and statistical analysis tools are made available to the user, which
can be used to determine trends in data, to calculate representative summaries and to
create thematic maps. A coverage map of stream flow gauging and water quality
monitoring stations is prepared, through which the user can access detailed
information on stream flows and water quality measurements. Related with stream
flow, daily average discharges, monthly discharge summaries, and water year
summaries are made available both as textual data in dialogs and as interactive
charts. Similarly, statistics of measured water quality parameters, their time-series
graphs, and yearly summaries are made available. Tools for classification of water
quality stations with respect to a set of water quality statistics are also developed and
integrated to the analysis system. As a whole, developed system can be termed as a
comprehensive GIS-based data analysis and visualization framework that can be
used for local stream flow and water quality data collected in Turkey. A similar
system having such wide range of features was not developed before; hence the

system can be claimed to be an important progress for Turkey.

At the end of the study, it can be concluded that the targets aimed at the beginning of
the study are fulfilled in a satisfactory manner. Prototype national hydrography and
watershed datasets are created at a scale of 1:1,000,000. Basic quality assessments
are done and the datasets are validated. GIS-based tools are developed for navigation
through water courses and watersheds. Finally, a comprehensive data analysis and
visualization system is developed for water quality and quantity data collected by
national governmental institutions. It is hoped that the study will set an example for
future works, and its products will be useful to all people working on topics related

with surface water resources of Turkey.
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The following recommendations are believed to be enlightening for the future studies

and further development of hydrography dataset, watershed boundaries, supporting

tools, and water quantity and quality data analysis system:

Although maps, charts and tables generated by stream flow and water quality
analysis tools can be easily inserted into layout documents and print-outs can
be taken from GIS, presence of reporting tools with pre-defined layouts will
be very useful. Especially layouts, which are similar to layouts in daily
discharge and water quality yearbooks may facilitate reporting needs, and

hence may increase the interest on the analysis system.

Success of the developed analysis system definitely depends on the available
data, which can be used by the system. Although tools to facilitate data entry
are present in the system and for small studies the required data can be
entered manually, it is still very difficult to collect and enter data for regional
or national studies. Especially if the study should cover a long time period,
then this task becomes very labor extensive. An institutional framework and
support of related organizations, i.e. SHW and EPRDA, are required to
overcome this problem. Data collected by these organizations, which are
already available in digital format, could be transformed into database format
used by the analysis system, or analysis system can be extended to support
existing data structures (if there exist any). Cooperation with governmental

organizations is required in this respect.

In its current state, the analysis system supports only stream flow gauging and
water quality monitoring stations. However, there also exist other types of
monitoring stations, at which different types of hydrologic data are collected.
Lake monitoring, snow monitoring and meteorological stations of different
governmental organizations (e.g, SHW, EPRSDA, SMW) can be listed as
example. Supporting these stations and providing analysis tools for the data

collected at these stations, should be one of the first extensions to the current
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system. There were several studies conducted in the past, especially for
meteorological stations (Sendeniz, 1999), from which ready-made data can be
taken with permission and incorporated to the analysis system. This will

shorten the time required for additional development.

Water quality and quantity data are crucial for many applications related with
water resources. In the current situation, there exist several governmental
institutions in Turkey that collect these data independently from each other.
Although the formats of collected data are quite similar, storage techniques
differ from institution to institution. This results in various difficulties,
especially in data access. National databases for the storage and retrieval of
water quality and quantity measurements, which should be shared and
operated together by related institutions, are a major requirement. Reliable
and long-lasting studies and applications on water resources can be supported
only in this way. There are many countries in the world that have such
systems for quite a long time, so there is no reason not to have a similar one
for Turkey. Developed analysis system and its database structure are not the
answer for these needs. Definitely, there is a requirement for stronger tools
and databases that support distributed data access and storage, variable user
privileges, advance query capabilities, and better data visualization and
analysis. But, this study is a good example which shows what is available at
hand, what should be done, and how GIS can be used to solve encountered
problems. The methods used in the study may guide the works for a national
water resources database in this respect, and hence should be taken into

consideration.

As indicated several times in various chapters, there are 26 major basins in
Turkey, which are used extensively for water resources related studies. SHW
and EPRSDA prepare development plans based on the extents of these
watersheds, hydrometric data monitoring stations are distributed and named
accordingly, and also available hydrometric data are organized with respect to

them. However, although they are so widely used by various organizations,
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there is no common agreement on the boundaries of these major watersheds.
Two major institutions, SHW and EPRSDA, have determined different
watershed boundaries in time and they are resisting to use a common set of
watershed boundaries. The case for watershed names is also similar. Like the
boundaries, these organizations have different watershed names. It is
definitely nonsense to have such a situation, and it complicates referencing to
watersheds in the studies. Also this situation distrusts studies that aim to
develop sub-watershed boundaries, like the one mentioned so far. If there is
disagreement even for the major watersheds, how can it be possible to have
common sub-watersheds? This is really questionable, and should be corrected
as soon as possible. Common boundaries and names should be determined for
major watersheds, and studies should be conducted to decide the delineations
of sub-watersheds. The methods used in this study and obtained catchment
boundaries may guide such studies. Even they can be used as prototype sub-

watershed boundaries.

In order to show the applicability of produced hydrography dataset,
watershed boundaries and corresponding spatial analysis tools (i.e. watershed
navigator, stream line navigator, dynamic watershed delineation tool), they
should be used in water resources related studies and their success should be
evaluated. Due to time restrictions, such sample applications could not be
conducted as a part of the thesis study. However there are many possible
applications that can be realized easily. For example using dynamic
watershed delineation tool, the drainage areas of stream flow gauging stations
can be delineated and their surface area can be calculated. By comparing
calculated values with the values indicated in yearbooks, validation of
yearbook values can be done, which are highly criticized due to their low
accuracies (Kulga and Dizdar, 1994). Another application may be indexing of
stream flow gauging and water quality stations to stream reaches. In this way,
water quality and quantity measurements at the stations can be overlaid to the
stream network and by simple thematic mapping water quality and quantity

distribution along the network can be visualized. Such maps will be very
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useful, since they will summarize significant amount of information and
present it in an easy to understand format. An interesting application may be
the visualization of time-wise change in water quality and quantity. Charts
available from stream flow and water quality information tools, and thematic
maps available from water quality analysis tools can be created for different
water years and by showing them one after another an animation can be
formed that will illustrate time-wise change in measured parameters. Such an
animation will be a very effective presentation aid, also it will facilitate
realization of time-dependence of water quality and quantity in water
resources. Once having the dataset and analysis tools developed in the study
at hand, many similar applications can be planned and conducted. As stated at
the beginning, such applications will be very useful to show the importance
of national hydrography and watershed datasets and may result in further
developments, like production of better quality datasets or more featured

analysis tools. Further studies are required in this respect.

Although the scales and accuracies of the produced hydrography and
watershed datasets will most probably be sufficient for initial studies, as
different applications will come to existence they may not fulfill the needs.
Better quality datasets, especially from national sources, should be evaluated
periodically and as they become available they should be processed and
incorporated into national datasets. Availability of 1:250,000 scale dataset
will definitely broaden the application areas of hydrography dataset, in
addition to increase in accuracy and detail. Similarly, watershed boundaries
that will be determined from a DEM with finer grid spacing will be much
more accurate than current boundaries, which are based on coarse, 30-arc
seconds grid spacing. 3-arc seconds SRTM dataset, which will be made
available before the mid of 2004, offers an important opportunity in this
respect, and up to ten times increase in accuracy may be expected if this
dataset will be utilized. Hence, the topic of one of the future studies may be
the determination of watershed boundaries from 3-arc seconds SRTM DEM

for Turkey.
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Although several attribute data are calculated and included to the
hydrography and watershed datasets, additional attributes are also possible.
Especially attributes related with stream flow like peak and average
discharge, flow depth, width and velocity, will be very useful for hydrologic
and water quality modeling purposes. Most of the data required for estimation
of these attributes are made available as a result of the study. Stream network
delineations given in hydrography dataset, locations of gauging stations given
in stations coverage, supplementary (elevation, land use, etc.) data that are
made available as separate layers, and stream flow data stored in the database
can be listed for this purpose. There are several studies in the literature that
utilized such data to calculate stream flow statistics at ungauged sites. For
example a neural network based method, which uses drainage area and
elevation as input, has been applied to U.S. Reach Files for the prediction of
two-year peak stream discharges at each reach (Muttiah et al., 1997). Flow
width and depth are also calculated by using empirical equations that are
derived from regression analysis, in which discharge is the only independent
variable (Allen et al., 1994). Flow statistics can also be calculated by using
advanced software packages specially designed for this purpose, which
consider additional data like precipitation and soil types. Micro LOW
FLOWS developed by Institute of Hydrology in Wallingford, UK can be
given as an example (Young et al., 2000). Hence, an extension to the current
study can be estimation of stream flow and related parameters by
incorporating appropriate methods. If it can be conducted, such a study will

be definitely a major progress in the history of Turkish hydrology.

In the study, D8 flow routing algorithm that is based on principles stated by
Jenson and Domingue (1988), and one of its modifications by Garbrecht and
Martz (1997) are utilized. D8 is one of the simplest methods to determine the
flow directions in a DEM. There are also other methods like Rho8 (Fairfield
and Leymarie, 1991), FD8 (Quinn et al., 1991), Aspect-driven single flow
direction (Lea, 1992), DEMON (Costa-Cabral and Burges, 1994) and Do
(Tarboton, 1997). Although majority of these methods are developed for
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more advanced hydrological modeling purposes, some of them can also be
used to determine the watershed boundaries. Application of different methods
will most probably result in different flow directions and hence different
drainage network and watershed boundaries. Although results obtained from
the modified version of D8 are found to be sufficiently accurate for the study,
evaluation of other methods may also give important information related with
suitability of these methods to Turkey. Especially for studies related with
rainfall-runoff and non-point source pollution modeling, use of a different
method may be more appropriate. This should be taken into consideration and

applicability of D8 algorithm should be assessed.
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http://www.lib.ncsu.edu/stacks/gis/dcwdesc.html, Date visited: 8/5/03
Digital Chart of the World Fact Sheet,
http://www.esri.com/data/catalog/esri/dcw_fact.html, Date visited: 7/16/03
DCW Utilities Directory,
http://www.lib.ncsu.edu/stacks/gis/dcw_util.html, Date visited: 8/10/03
Digital Chart of the World,
http://www.lib.ncsu.edu/stacks/gis/dcw.html, Date visited: 8/10/03
Digital Chart of the World Fact Sheet,
http://www.esri.com/data/catalog/esri/dcw_fact.html, Date visited: 8/8/03
DCW Naming Convention,
http://www.lib.ncsu.edu/stacks/gis/dcwname.html, Date visited: 8/10/03
DCW Data Server at Pennsylvania State University Libraries,
http://www.maproom.psu.edu/dcw, Date visited: 8/9/03
GIS Data Depot,
http://www.gisdatadepot.com/data/catalog, Date visited: 8/11/03
: Digital Chart of the World (DCW) Metadata,
http://agdc.usgs.gov/data/projects/pws/metadata/pwsmetal 64.html
: http://www.mapability.com/info/vmap1 _intro.html, Date visited: 10/9/03
: GCM Digital Maps, Date visited: 11/10/03
http://www.hgk.mil.tr/urunler/haritalar/yurticiuretim/sayisal/sayhar.htm
: Cost of GCM Products,
http://www.hgk.mil.tr/urunler/satis/satis1.htm, Date visited: 11/10/03
: http://dss.ucar.edu/datasets/ds759.2/data/tbase_doc, Date visited: 11/1/03
: U.S. Navy (FNOC) 10-minute Elevation,
http://www-cger.nies.go.jp/grid-e/gridtext/grid2.html, Date visited: 1/2/03
: TerrainBase Global Land Elevation and Ocean Depth,
http://dss.ucar.edu/datasets/ds759.2/data/tbase_doc, Date visited: 2/5/03
: SRTM Mission, Why Map the Earth,
http://www.jpl.nasa.gov/srtm/mission.htm, Date visited: 11/8/03
: SRTM Data Products,
http://www.jpl.nasa.gov/srtm/dataprod.htm, Date visited: 11/10/03
: SRTM Mission, SRTM Data Products,
http://www.jpl.nasa.gov/srtm/dataprod.htm, Date visited: 11/10/03
NASA Shuttle Radar Topography Mission,
http://www.jpl.nasa.gov/srtm/index.html, Date visited: 11/8/03
Shuttle Radar Topography Mission (SRTM) Historic Mission,
http://www.nima.mil/cda/article/0,2311,3104 74037 113538,00.html
SHW Monitoring Works, Date visited: 10/17/03
http://www.dsi.gov.tr/baskanlik/etud/epd gozlem.htm,
Real-Time Map of U.S. Streamflow,
http://water.usgs.gov.waterwatch, Date visited: 7/4/03
EPRSDA Hydrologic Works, http://www.eie.gov.tr/turkce/hidroloji
Information on Hydrologic Monitoring Stations,
http://www.eie.gov.tr/turkce/hidroloji, Date visited: 11/19/03
Sediment and Water Quality,
http://www.eie.gov.tr/turkce/hidroloji/sedim.html, Date visited: 9/17/03
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YER|

1 41° 140 pv

22 - DOGU KARADENiZ HAVZASI

22-06 - ABUGAGLAYAN D.-KOPRUBASI

D - 41°15' 0" K

AYRILAN CAGLAYAN KOYU 4.KM'SINDEKI KOPRUDEDIR.

) FINDIKLI-ARHAVI SAHiL YOLUNDA FINDIKLI CIKISINDA SAGA

HARITA NO:F-46
YAGIS ALANI : 156 Kme? YAKLASIK KOT : 60 m.
GOZLEM SURESI :01/10/1965 - 30/09/1994
ORTALAMA AKIMLAR :Gozlem suresinde 9.160 m3/sn. 22 Yillik ) 1994 Su yi linda 8.310 m3/sn.
ANLIK EN GCOK VE EN AZ AKIMLAR:
1994 Su yi linda anlik engok akim 79.7 m3/sn 07/09/1994
1994 Su yi1 linda anlik enaz akim H 2.33 m3/sn 27/08/1994
Gozlem sUresinde anlik engok akim 350. m3/sn 03/09/1974
Gozlem suresinde anlik enaz akim 0.724 m3/sn 23/10/1991
4 . Anahtar edrisi (Seviyeler cm. - Akimlar m3/sn.)
Seviye Akim Seviye Akim Seviye Akim Seviye Akim
8 2.15 166 34.2 266 81.5 326 137.
102 6.04 182 42.7 262 92.4 342 148.
118 11.6 198 51.8 278 104. 358 160.
134 18.4 214 61.7 294 115, 374 171.
150 25.7 230 71.6 310 126. 400 189.
AKIMLAR 1 EKiM 1993 'DEN 30 EYLUL 1994 'A KADAR SANIYEDE METRE KUP OLARAK
GUN/AY EKiM KASIM ARALIK OCAK SUBAT MART NiSAN MAYIS HAZIRAN TEMMUZ AGUSTOS EYLUL
1 3.53 4.70 7.96 4.56 4.56 6.04 7.96 14.5 18.9 11.2 4.84 5.12
2 3.53 3.36 1.9 5.12 4.28 7.64 7.64 11.2 21.9 10.8 5.72 4.00
3 3.53 2.68 10.5 5.12 4.00 7.96 8.28 10.1 14.5 11.2 5.12 3.60
4 3.70 2.68 11.2 5.40 3.80 9.34 9.7 9.34 10.8 11.2 5.40 3.40
5 3.95 2.51 14.1 4.84 5.40 9.34 1.6 8.97 1.2 1.2 4.28 3.00
6 4.20 2.85 8.97 4.00 7.64 8.60 15.4 9.34 14.5 9.34 3.80 2.75
7 4,45 20.1 7.32 3.60 4.84 7.00 17.6 8.97 17.1 8.97 3.80 17.1
8 4.70 21.9 6.04 3.40 6.36 5.72 16.7 10.1 17.1 8.28 3.80 12.3
9 4.95 24.8 7.64 3.20 8.97 4.84 14.1 10.5 16.7 7.64 4.28 7.85
10 5.20 28.9 8.97 3.20 5.12 4.28 12.7 10.8 15.4 7.64 8.28 5.68
11 6.20 23.8 8.60 3.20 4.00 4.00 11.9 14.1 14.5 7.64 5.72 4.90
12 6.52 1.9 7.64 3.00 4 .84 3.80 12.7 16.3 13.2 6.68 4.28 4.68
13 6.20 8.60 7.00 2.75 4.84 3.60 13.2 18.4 11.9 6.68 3.80 4.46
14 5.45 7.64 6.68 2.75 4,00 3.40 141 13.2 11.9 6.68 3.40 3.80
15 5.20 6.36 5.72 2.75 3.40 4.56 15.8 10.5 12.7 6.68 3.20 3.44
16 4.95 5.72 5.72 3.00 3.00 4.28 14.9 9.71 18.4 7.00 3.40 3.26
17 4.95 5.72 7.32 3.60 2.75 7.32 15.4 10.1 16.7 9.7 6.04 3.08
18 5.45 10.8 10.5 2.75 3.00 10.8 14.9 12.3 12.7 9.34 5.40 2.90
19 5.45 9.7 10.5 3.20 3.20 1.6 25.2 15.4 10.8 15.8 3.60 2.90
20 5.95 6.36 7.32 10.5 4.28 9.34 20.1 18.0 10.1 10.5 3.20 2.74
21 6.52 5.40 6.04 6.04 5.40 8.60 24.3 19.3 10.8 8.28 3.00 2.58
22 7.16 5.40 5.40 4.84 5.40 9.34 21.0 21.0 10.8 7.00 3.20 2.58
23 7.80 5.40 5.12 4.56 5.72 8.97 22.4 18.9 9.71 6.36 3.60 2.58
24 9.40 5.40 5.72 3.80 5.12 7.32 18.9 17.6 10.8 7.00 3.20 2.58
25 9.74 4.84 6.04 3.60 5.12 6.36 16.7 18.9 16.7 6.68 3.20 2.58
26 10.4 4.28 6.36 3.60 6.04 7.64 14.9 18.9 11.9 5.40 2.50 2.58
27 9.40 4.28 8.60 3.60 8.97 1.9 13.2 19.7 8.60 5.12 2.33 7.85
28 8.76 4.28 7.32 4.00 6.36 13.6 13.2 19.7 7.64 4.56 2.33 4.02
29 7.80 4.00 6.68 6,06  ----- 14.5 13.6 18.0 7.64 4.56 8.28 3.08
30 6.84 3.60 6.04 6.0  ----- 1.2 14.9 19.3 17.6 4.28 12.3 2.74
31 5.95 5.40 6.36 - --- 7.96 19.3 3.80 7.96
Maks. 21.0 28.9 19.7 16.7 12.3 18.0 24.8 33.7 23.8 22.9
Min. 2.85 2.51 3.40 2.75 2.75 3.40 7.96 6.68 3.60 2.33
ORTALAMA 6.06 8.60 7.75 4.27 5.01 7.77 14.6 13.4 7.97 4.62
LT/SN/KM? 38. 55.1 49.7 27.4 32.1 49.8 93.6 86.2 51.1 29.6
AKIM MM. 104. 143. 133. 73.3 77.8 133, 251. 223. 137. 79.3
MIL. M3 16.2 22.3 20.8 1.4 12.1 20.8 39.1 34.8 21.4 12.4
SU YILI ( 1994 ) YILLIK TOPLAM AKIM 262.00 MiLYON M3 53.2 LT/SN/KM?

Figure A.1. Sample page from SHW Discharge Monitoring Yearbook (SHW, 1999)
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Figure A.2. Sample hydrometric monitoring network map from SHW Discharge Monitoring Yearbook (SHW, 1999)
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Figure A.4. Sample follow-up form SHW Discharge Monitoring Network Album (SHW, 1988)
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DS VIl. BOLGE-SAMSUN

2003 YILI SU KALITESi 6OZLEM GALISMALARI PROGRAMI

ZAMANLAMA VE ORNEK SAYISI

HER ISTASYON ICIN OLCULEN ORTAK PARAMETRELER
Q, T, pH, EC, CL, NH3-N, NO2-N, NO3-N, M-AL, 00, pV, 0-PO4, TDS, SS, BODS, S04

SIRA| |
NO 'STASSON ORNEKLEME YERI > - - : (YERALTI SULARINDA DO, S8, BOD5 OLCULMEYECEK)
n[1]2]3]4]s]6]7[8]9[0]""]"2] piser parAMETRELER
18 | 14-07-00-075 | GEKEREK IRMAGI-YESILIRMAK Al - ’ . COD,P-AlNa,K.Ca,Mg,TH Fe
KAR.ONCE
19 | 14-07-00-076 | YESILIRMAK-AMASYA GIRISI 4l ] ’ 1 COD,P-AlNa K ,Ca,Mg,TH Fe
(GAGLAYAN KOP.)
20 | 14-07-00-077 | YESILIRMAK-OZMAYA ATIKLARI alle - : : COD,P-AlNa,K,Ca,Mg,TH Fe
KAR.SONRA
21 [15-07-00-101 | GOKIRMAK-BOYABAT GIRISI n : COD,P-AlNa,K.Ca,Mg, TH.Fe
22 {15-07-02-155 | DERBENT BARAJI DIPSAVAK GIKISI 7 . 1 Na, K, Ca, Mg, Fe, Mn, F
23(15-07-00-161 | CARSAK DERESI-DODURGA BARAJI 4 , Na, K, Ca, Mg
AKS YERI
24 |15-07-00-164 | KOLAZ DERES|-GAZIDERE BARAJAKS | , ’ Na, K, Ca, Mg, P-Al
YERI
25|15-07-00-181 | KIZILIRMAK-BAFRA ILGESI ATIKLARI 4 : . COD,P-AlNa,K,Ca Mg TH Fe
KAR.SONRA
TOPLAM ORNEK SAYISI: |100
ICMESUYU KALITES| GOZLEMLERI
1]14-07-00-010 | ABDAL IRMAGI-CAKMAK BARAJ GIKISI 6|1 ; 4 COD,P-Al, Na K,Ca,Mg, TH,Fe T-Coli,E-Coli,F-Strp
YILDA 2 KEZ ;Pb,Zn,Cu,Cr, Hg
2114-07-00-013 | KURTUN GAYI-KADIKOY BARAJI AKS 3 q 1 COD,P-Al, Na K,Ca,Mg,TH,Fe T-Coli,E-Coli,F-Strp
YERI
3|14-07-04-063 | ENGIZ DERESI-19 MAYIS BARJ. MEMBAI | . . , COD,P-Al, Na,K,Ca,Mg TH,Fe,T-Coli E-Coli,F-Strp
4 14-07-00-070 | GULUT CAYI-YENISU BARAJ AKS YERI Alle . : . COD,P-Al,Na,K,Ca,Mg,TH,Fe,T-Coli,E-Coli,F-Strp
YILDA 2 KEZ:Pb,As,Cr,Cu,Zn Hg.
TOPLAM ORNEK SAYISI: |18
GENEL TOPLAM ORNEK SAYISI: 116

Figure A.5. Sample page from yearly water quality monitoring works program (SHW, 2003)
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Figure A.6. Sample map from SHW Water Quality Yearbook (SHW, 1987)
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BOLCEST

1STASYON ADI VE YERI

XXII. BOlge-TRABZON

22-DOBU KARADENIZ HAVZASI

Degirmendere-Esirodlu Regiilatori

1STASYON NO 22-22-00-0@3
AKIM GOZLEM ISTASYONU : =
1984 YILT KALITE GOZLEMLER1
PARAMETRE | n [MINIMUM |ORTALAMA MAKSIMUM | OCAK SUBAT | MART NISAN | WAYIS |HAZIRAK | TEMMUZ |ACUSTOS | EVLOL EKIM | KASIM | ARALIK
Q
T 1 14 13,7 23,5 18,0 23,5 23,5 14,0
PH 15 7,4 8,0 8,6 8,5 7,7 7,8 8,6 8,1 8,0
L& 20 99 202 286 253 EE] 150 218 212 286
™8 14 100 164 300 100 100 100 100 300 100
58 " 0 89 300 0 100 0 0 100 0
s 3 100 319 500
Turb 2 3?2 3 5 8 1
— 19 0 16] 20 10 15 10 10 15 5
M-Al | 46 42,5 81,3 130) 105,0 50,0 70,0 100,0 100,0 130,0
P=Al | b 0,0 12,3 20| 20,0
1 16 3,1 5,7 7,8 6,7 3,1 7,0 5,3 7,0 7,1
16 0,00 0,24 0,34 0,30 0,00 0,18 0,00 0,00 0,00
20| 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 U, UL
N03>N
00 13 8,8 9,6 12,0 9,8 9,6 3,8 12,0
PV 20 0,88 1,16 2,30 0,80 1,60 1,20 1,40 1,40 0,80
BOD 5 0,4 0,4 0,5
H 20 50 104 14 132 £0 78 165 168 140
o-P0, | 14 0,00 0,02 0,10| " 0,00 0,10 0,00 0,00 0,00 0,90
so, 20 0,5 13,46 27,8 9,0 0,5 3,0 7,7 b,2 15,4
co, 3 0 3,5 5
Fe 15 0,00 0,79 2,20| 0,70 2,00 0,00 0,70 0,60 0,20
¥n 6 0,00 0,00 0,0
Lo 16 1,80 4,32 7,0 2,00 2,36 4,60 4,60 7,00
K 16 0,00 0,58 0,80) 0,40 0,40 0,40 0,80 0,60
e 15 14,0 30,49 44,0 14,0 24,0 36,0 33.0 44,0
He 15 2,4 5,7 9,1 3,6 4,0 3,6 6,1 7.3
*rceli] 240 2 240)
T-Germ
coz i1 | W 5,6 8,3 11,6} 8,6 8,4 9,0 5,6 b,

Figure A.7. Sample page from SHW Water Quality Monitoring Yearbook

(SHW, 1987)
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22 - HUTEFERRIK DOGU KARADENIZ SULARI

2213 - AKSU-DEREL1

YERL :( 38° 27° 1* D = 40° 44 24" K) Giresun un Dereli ilgesindeki kemer kbprinlnln 1 ke. mansa-
tbindadir.

YAGIS ALANT 3 710.1 Ka* YAKLASIK KOT : 248 &,

GOZLEM SUREST :15/09/1954 = 3070971991

ORTALAMA AKIHLAR :Gézlem sliresinde 13.805 m3/sn. ( 30 villik ) 1991 Su yilinda 12.832 a3/sn.

ANLIK EN_COK VE_EN AZ AKTHLAR:

1991 Su yilinda anlik engok akim H 130. m3/sn 0270571991
1991 Su yilinda anlik enaz akim H 1.30 m3/sn 1770971991
Gozlem siiresinde anlik engok akim ] 400. m3/sn 24/08/1965
Gdzlen slresinde anlik enaz akim 3 0.600 m3/sn 3040771979
SEVIYE OLCEGL tEgel-Limnigraf
DUSUMCELER :Su y1l1 iginde 17 akim 8lgidsidl yapilmig ve tek akim anahtar efrisi ( 01 nolu )

tkullanilmigtir. 28.10.1950 da istasyon 800 m. mansaba taginarak egel kesitine
steleferik ingaa edilmigtir.

1 . Anahtar e¥risi (Seviyeler cm. - Akimlar m3/sn.)

Seviye Akim Seviye Akim Seviye Akim Seviye Akim Seviye nkim
oo 1.30 120 10.9 170 59.5 220 133.- 270 213.
85 1.75 130 17.4 1go0 72.5 230 149. 280 229.
90 2.32 140 25.5 190 06.0 240 165. 290 245.
100 3.95 150 35.5 200 101. 250 181, 300 261.
110 6.70 160 47.0 210 117. 260 197.

AKIHLAR 1 EXIH 1990 'DEN 30 EYLUL 1991 A KADAR SANIYEDE HETRE KUP OLARAK

GUN/AY EKIH KASIH ARALIK OCAK SUBAT HART NISAN HAYIS  HAZIRAN  TEMHUZ AGUSTOS EYLUL
1 12.9 7.96 6.43 5.88 4.23 10.9 30.5 47.0 16.8 7.96 4.23 3.95
2 10.9 7.54 5.88 5.33 3.95 13.5 32.5 103. 14.8 7.34 4.23 4.23
3 7.96 6.70 6.70 5.60 4.23 12.2 54.5 57.0 12.9 7.12 3.95 4.78
4 7.96 6.43 7.54 7.12 4.50 9.64 45.9 37.8 10.9 6.70 3.95 5.33
5 7.12 6.15 8.38 7.54 4.78 8.38 34.5 32.5 12.2 6.43 3.95 5.33
3 7.54 6.43 10.1 6.70 5.05 7.12 29.5 27.5 19.8 8.80 3.95 4.50
7 6.43 10.9 10.1 6.70 5.33 6.70 28.5 32.5 19.8 19.8 3.95 4.23
8 5.60 11.6 7.96 6.43 5.60 6.43 25.5 30.5 17.4 30.5 3.95 4.23
9 5.33 34.5 8.80 6.43 5.05 7.12 28.5 31.5 16.8 23.7 3.95 3.95
10 5.60 32.5 7.96 5.88 5.60 8.80 27.5 26.5 10.2 12.2 3.95 3.95
11 7.54 22.3 6.70 4.78 5.33 8.80 26.5 23.1 24.7 10.1 4.78 3.77
12 7.12 14.2 5.88 4.50 5.88 9.64 25.5 22.3 24.7 8.80 11.6 3.77
13 7.12 10.5 5.60 4.23 6.43 14.2 22.3 21.5 21.5 7.96 4.50 3.77
14 8.80 9.22 5.88 4.23 5.08 14.2 19.0 20.6 17.4 7.12 3.95 3.77
15 7.96 10.5 5.33 4.50 7.54 10.5 22.3 20.6 16.1 6.70 4.23 2.76
16 7.54 10.1 5.80 4.50 14.8 1z.2 26.5 30.5 14.2 6.43 3.95 1.66
17 5.88 10.5 6.70 4.23 15.5 16.8 25.5 32.5 10.5 6.43 4.23 1.39
18 5.33 13.5 6.15 4.23 12.9 35.5 18.2 29.5 11.6 6.15 3.95 1.30
19 5.80 16.1 5.88 4.23 1z2.2 31.5 14.8 25.5 10.5 6.15 3.95 1.30
20 10.5 15.5 5.60 4.50 14.8 30.5 12.9 21.5 9.22 5.88 3.77 3.23
21 8.80 22.3 5.60 4.23 39.0 14.8 28.5 8.38 5.60 3.95 12.2
22 6.43 16.8 6.15 4.23 37.8 19.8 42.4 8.00 5.33 5.60 10.1
23 7.54 15.5 6.43 4.23 40.1 26.5 34.5 10.5 5.e8 6.15 5.33
24 8.80 13.5 6.15 3.95 30.5 29.5 25.5 12.9 5.88 7.12 4.50
25 12.9 10.9 5.880 4.23 25.5 31.5 23.1 12.9 6.70 6.43 3.95
26 10.9 9.64 5.05 5.05 39.0 26.5 21.5 13.5 5.88 5.80 3.41
27 8.00 9.22 4.78 5.60 50.8 29.5 23.9 11.6 5.33 5.33 3.03
28 7.54 8.00 5.05 6.43 52.0 27.5 19.8 10.1 4.78 4.78 2.90
29 6.15 8.38 7.54 5.88 53.3 22.3 20.6 9.64 4.23 4.50 2.76
30 5.60 7.54 7.12 5.05 59.5 26.5 19.8 8.80 4.23 3.95 2.61
31 5.60 6.15 4.50 ——— 44,7 --=-- 16,1 -=--- 4.23 3.77  e-eee
TOPLAH 240. 386. 205. 161. 234, 747. £05. 949. 427. 261. 146. 122.
ORTALAMA 7.74 12.9 6.62 5.19 8.35 24.1 26.8 30.6 14.2 B8.41 4.72 4.07
LT/SN/KH®  10.9 18.1 9.33 7.31 11.8 33.9 37.8 43.1 20.1 11.8 6.65 5.73
AKIN HH. ~ 29.2 46.9 25.0 19.6 28.4 90.9 98.0 115. 52.0 31.7 17.8 14.8
HIL. H3 20.7 33.3 17.7 13.9 20.2 64.5 69.6 8z2.0 36.9 22.5 12.7 10.5
SU YILI ( 1991 ) YILLIK TOPLAH AKIH 4683. H3/SN. 405. HILYON n3 570. HH. 18.1 LT/SN/KH*

2213 - AKSU-DERELL

Figure A.8. Sample page from EPRSDA Discharge Monitoring Yearbook
(EPRSDA, 1996a)
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Figure A.9. Sample hydrometric monitoring network map from EPRSDA Discharge Yearbook (EPRSDA, 1996a)
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Figure A.10. Sample hydrograph from EPRSDA Discharge Yearbook (EPRSDA, 1996a)
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22 - MUTEFERRIK DOGU KARADENIZ SULARI
AKARSU GOZLEM ISTASYONLARI GENEL BiLGILERI ( 01 Ocak 2003 )

BOL | AGI |s ALAN |KOT Is PAFTA1 | PAFTA2
no | No [SY VEISTASYON ADI AG.TAR. | KAP.TAR. km) | tm) LIM |TEL|ESELISED.ISUK. (oo oo | 2 oe 00 CcOG. KOORDINAT AGIKLAMA

0 | 2226 [TERME C-TERME KOP. 0712157 12/13/63 408.5] B INK37-9 IF37-c2 36 58 21D-41 12 33K

0 | 2227 |DUTHA S-ASAGIDURAK 12/07/58 0411370 167.7| 240 INK37-12  |F46-d4 41 04 55D-41 07 24K

9 | 2228 |[FOL D-BAHADIRLI 12/06/60 191.4] 17| B-ST 8 | KL [NK37-11  [Fd42-c4 39 16 44D-41 02 08K |Esel 18.8.1967 tarihinde 27 cm 17.10.1988' de 27 cm indirildi.

0 | 2229 [YAGLIDERE-TEPEKOY 12/02/60 06/30/66 507.6] 99 INK37-14  [G41-d1 38 37 43D-40 39 41K

0 | 2230 PIGAM S.-ASAGIDURAK 12/13/60 10/01/68 131.5] 245 [NK37-12 |F46-d4 41 04 52D-41 07 04K

0 | 2231 MELET G.-CATALKAYA 08/06/62 021067 16823.2 94 INK37-14  |G38-b4 37 50 530-40 51 53K |10 km mansaba alindi (10.2.1967). 2247 Melet Cayi - Gocall olarak calistinimaktadir.

9 | 2232 FIRTINA D.-TOPLUCA 10/01/62 7632 233| B-ST S | KL |NK37-12 |F48-d4 4100 45D0-41 04 19K |14.12.1992 tarihinde 500 m membaya alindi

9 | 2233 [TOZKOY D.-TOZKOY 12/01/63 223.1] 1296 INK37-16  |G45-d1 40 34 45D-40 40 00K

0 | 2234 [KARADERE-ERIKLI 08/01/64 1201/74 227.2] 1362 [NK37-15  [843-c3 39 57 10D-40 36 15K

0 | 2235 |[GELEVERA D.-GELEVERA 09/01/64 12/01174 136.4] 1630 INK37-14  [Ga1-cd 38 51 480-40 36 04K

N [ I —— T [2r— s oo NK37-14 lodoca | 3821 1004034 45K |1-121967 de 200 m mansaba alindi. 1.12.1974 tarihinde kapatidi. Akim projesi igin mutséHiK
olarak galigtiniiyor.

0 | 2237 |PAZAR 5.-YUKALAN 08/04/64 10/01/70 176.8| 1450 [NK37-14  |G40-d2 38 03 020-40 37 41K [26.10.19567" de 20 m mansaba alindi. 1,10.1970 tarihinde kapatidi.

3 | 2238 MELET C-ARICILAR 08/08/84 10244] 94| BE | T S [NK37-14  |G39-d3 37 40 320-40 32 58K |09.08.1994' de egel sifin 1 m asad indirildi

0 | 2239 [ELEKCI D.-BADALLI 08/07/64 09730196 271.6) 124 INK37-13  |G38-b2 37 24 25D-40 56 55K
2202 nolu AGI 8.12 1962' de kapatilmis, 8.9.1964' de yaklagik 5 km membasinda Pervane]

0 | 2240 [KARADERE-PERVANE KOP 09/08/64 | 0901166 580,00 110} INK37-15  [G43-b3 30 59 590-40 49 45K  [Keprosande 2240 olarak agilmig ve 1.9.1966" de kapatimistr. 2202 nolu AGI 1.8.1966'dal

- ekrar eski yerinde Agnas'da tas koprinan 200 m membasinda agiimigtir.

0 | 2242 [CURI D-YAG TEPEKOY 03/01/68 05101172 173.6] 153 - NK37-9 F38-d3 37 07 38D-41 01 18K

0 | 2243 [CEVIZ D.-BALLIK BOG., 11/01/64 1011972 313.6] 142 MNK37-9  |G38-d3 37 14 430-41 00 57K

0 | 2244 JARHAVI C.-KAVAKKOY 04/13/65 11/01/68 261.8] 40 NK37-12  [G48-b4 41 18 330-41 18 04K

3 | 2245 [rerME ¢-GOKGELI 12027168 2128 8 BE s MK37-9  [Fa7c2 36 49 350-41 05 00K 2-I'ii|'1d:\“a;§g|[ 153{3&51937 tarihinde boru limnigraf kuruldu.01.08.1992 ve 09.08.1894' de esel

0 | 2246 JKAPTANPASA D -KAPTANPASA| 12/07/68 1011374 217.3] 415 T NK37-168  |G45-b1 40 47 27D-40 57 54K |1970 su wihndan itibaren istasyon No' su degisti. (Eski No:2211)

3 | 2247 IMELET Q. -GOCALLI KOP. 02/10/67 18502 4| BE | T KL [NK37-14 |G38-b2 37 53 480-40 53 11K |23.10.1975' de istasyon 30 m membaya alindi. 2.10.1990' da egel 80 m mansaba alind1.

0 | 2248 [DEGIRMEN DERE - OGUTLD 10/01/91 10/01/95 7285 162 S | KL |NK37-15 |G43-a2 38 40 58D-40 51 54K _ |istasyon 1.10.1895 tarihinde 500 m mansaba tasinmis. Yeni Istasyon No: 2251 oldu,

g | 2248 [HARSIT C-EYMUR 10/18/94 31758 111 B NK37-14  [Gdt-63 38 52 27D-40 51 01K [° ¥m menbasinda Dogankent Santrali vardir. Lim. ve egel DSI' ye ait olup AGI' nu DSl ile ortak]
calistinliyor

0 | 2250 |HOPA GAYI - HOPA 10/01/85 06/07/99 58 6l 17 INK37-12  [Fa6-62 4126 42D-41 2320k |76.1989' de kapatid. Saghkh seviye deferi alinamadijindan akim degerlendirmesi
vapilamadi. Yillik Akarsu Gézlem |stasyonu olarak galistintacaktir.

9 | 2251 [DEGIRMEN DERE - ESIROGLU 10/01/85 7296] 155|B-ST| T S | KL |NK37-15 [G43-a3 39 41 00D-40 52 10K _|Eski 2248 Nolu AGI' nin yaklastk 500 m mansabina agilmistr.

3 | 2252 ELEK(,‘J DERESI-SALIHLI 10/01/85 278.5( 180 INK37-13  |G38-b2 37 24 03D-40 56 01K |2239 nolu AGI' nin yerine 2 km membaada agilmistir

3 | 2253 |PAZARSUYU D-EMECAN 10/01/96 770.7] 8| BE|T NK37-11  |G40-a2 38 10 320-40 55 37K |1.10.1997" den itibaren limnigrafi gahstinliyor.

3 | 2254 |AKGAY D-DURAKLI 074i57 2o almst| T K79 IFasd 37 08 29D-41 06 32K [MUduriak Oluru ile baz AGI na donGstaralmastar. 08.08.2002' de boru limnigraf ve 01.10.2002
jde teleferik kuruldu.

£ i [22-25 Cit D-Torul Yillik Akarsu Gozlem Istasyonu (YAGI) 1.6.1997 tarihinde Genel Modariok)
9 | 2255 |CIT D-TORUL 11726197 203.8] 980 IG42 39 17 32D-40 32 31K [Oluru ite baz AGH" na dondsturdida

NOT: ALAN=0-Kaynak, B-Boru, K-Kule, KY-Kuyu, ST-Stevens, E-Elekironik Stevens,

AT-Actl, G-Girmak, T-Teleferik, YE-Yekpare Esel, KE-Kademeli Esel, AE-Agirlikh Egel, S-Sediment, KL-Su Kalitesi, Y-Yafig

Figure A.11. Sample page from EPRSDA gauging station information Excel sheets (EPRSDA, 2003)
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22 - MUTEFERRIK DOGU KARADENiZ SULARI HAVZASI
SU AKIMLARI YILLIGI KITABINDA SU AKIM DEGERLERi YAYINLANAN AKARSU GOZLEM iSTASYONLARI

Agl YILLAR (1935-1899)
NO SU VE ISTASYON ADI | AG. TAR. | KAP. TAR.
35 |26 ]37 | 28 a0 |40 |41 |a2) a3 )44 )45 | 48 a7 |ae 4o | s0] 51| 52| 53] 54 ]| 55|50 ) 57| 56| 50 |eo} 61 |62|63]6s |65 |66 ] 67 |salea ] 7o} 71 | 72| 73] 74| 75} 78| 77|78 | 76| 80|81 | n2| a3 |a4 |85 |as | a7 |sa| 8o |on| o1]e2] 93] 54 | o5 o6 | o7
2201 [HARSIT SUYU 09/01/42 | 02/28/89 s f o] Lo o e e foe o [ ] ] | x | x ol b o e P o oo foe e o e e e e f o | e | e | =
KURTUN
2202 [KARADERE 11112/42 vzl x|k fo o fx fxxfubftn] e fu]x]|e]x]x el el x|l x el uefxfoe]x]x]x]x
AGNAS
2203 |OF DERESI 111442 | 120000 e fx ] x ] <
IDERNEKPAZAR
2204 [TASLIDERE 1216/48 | 08/11/73 x| x x| x| x | | x | % |8
RIZE
2205 |MERT IRMAGI 1215/50 | D4/12/54
[MESELIDUZ
2206 [DEGIRMENDERE 04/07/50 08/10/91 xlx e fxfxfx]x o [l e e x| x]ex]xfx]ulx]x]a]x]x]x]x]x{x]x]x]®
KANLIPELIT
2207 |IYIDERE 09/01/53 | 1210/60 wlx]xfx]=
iKIZDERE
2208 [AKSU B 09/06/53 | 11/01/68 x|x x|x ®
DURC KOPRUSU
2209 |[MELET GAYl 09/11/53 | oslo1/62
KARAASACKOYD
2210 |[TURNA SUYU 081353 | o7I08/s8
COM
2211 [KAPTANPASA DERE 10M8/53 | 12/07/88 xfx]x ¥ fer
YESILTEPE
2212 |PAZAR SUYU 09113154 | 102472 x| x x e fu ] xfx]x
MAGDALA
2213 JAKSU 09/15/54 el el e baloe e dulxl el u]xlxfuala]=n]xfx)e]x]x]x]x
DERELI

x: Kitapla yayinlanan su yili, Rakam x: Su yili iginde degerlendirmenin basladidi ay, x Rakam: Su yili iginde dederlendirmenin bittigi ay, Ex: Su yih iginde degerlendirmesi yapiimamis aylar var.

Figure A.12. Sample page from EPRSDA gauging station data history Excel sheets (EPRSDA, 2003)



HAVZA  NO 222
(Number of Drainage Area)

HAVZA  ADI ¢ MUTEFERRIK DO&U KARADEN:1Z SULARI
(Name of Drainage Area)

ISTASYON NO . 1 2248

(Nusber of Sampling Station)

iSTASYON ADI - DEBIRMEN DERE-OSUTLG

(Name of Sawpling Station)
YERI : TrabzonHMagka kavayolunun §6. Ku'sinde Esiro§lu Nahivesi‘ndeki kewer koprinin
(Location)

10 w akig agalisindadir.

DRENAJ ALANI . 733.0 Ku2
(Drainage Area)
GUZLEM SUREST © 14.01.1992-23.12.1994
(Period of Sampling)
ORTALAMA AKIM : 13,901 w3/sm (6 yillik)
(Mean Discharge)
ELEKTRIKi KONDAKTIVITE : WAX : 340 MiM : 75
(Elektricity Conducktivity )
(Remarks)
SU SICAK- £CX KATYONLAR HMe/Lt ANYONLAR Me/t ORGANIK BOR

DEB1 LI&I  SED. €6 Ca++ MADDE (PPM)
TAREH oo c e ™M ose Nat K+ e T L
14. 1.1992  2.406 3.0 06 8.1 9 0.40  0.06 2.0 0.3 2.27 0.23 0.20 0.00
14, 2.14992  2.58% 5.0 M T 267 0.21 0.03 2,90 0.00 2,03  0.18 0.93 0.00
17, 3.1992 12,006 8.0 418 7.7 260 0.29 0.02 2,30 0.00 2.16 0.18  0.27 0.25
8. 7.1992 9.837 1.0 7.7 225 0.20  0.03 2.00 0.00 .90 0.13 0.20 0.00
7. 9.1992 8.584 8.0 7.8 20 0.24 0.03  2.50 0.00 2.34  0.14 0.26 0.00
14.10.1992 §5.210 10.0 g2 8.5 16 0.07  0.02 §.50 0.42 0.90  0.19 0.08 0.00
20.11.9992 13.842 10.0 53 8.4 15 0.13  0.03 .00  0.70 0.30 0.12  0.04 0.10
18124992 7.642 6.0 28 8.3 122 0.17 0.02 §.00  0.24 0.65 0.3 0.7 0.20
7. 9.9993 A7 6.0 6 8.1 284 0.23 0.02 2,60 0.26 2.22 0.23 0.4 0.10
i3, 2.1993  4.588 6.0 10 8.1 304 0.26 0.02 2.90  0.24 2.41 0.22 0.3§ 0.05
if. 3.1993  6.523 5.0 138 8.0 282 0.2¢ 0.02 2.70  0.06 2.37 0.2 0.29 0.00
5. 4.§993 19.473 6.0 79 8.1 164 0.12  0.02 §.60  0.22 1.8 0.i6  0.18 0.00
4. 5.1993 41.860 8.0 318 8.0 154 0.08 0.01 §.50  0.03 {.33 0.09  0.09 0.40
0. 4.1993 24.209 {3.0 4 8.0 {25 0.08 0.01 .20 0.06 1.42 0.07  0.04 0.15
21, 7.1993  8.529 if.0 2 7.9 245 0.15 0.04 2.00  0.06 §.88  0.14 0.08 0.35
7. B.1993  4.641  §9.0 13 8.4 fff 0.10 0.02 i.10  0.24 0.75  0.18 0.05 0.00
6. 9.1993 2,920 2.0 14 7.8 30 0.26 0.03  3.00 0.00 2.7 0.26 0.24 0.15
?2.40.1993  2.364 1.0 29 8.4 305 0.26 0.03 2.90 0.20 2.57  0.27  0.15 0.10
14.10.1993  {.987 2.0 10 8.2 301 0.27 0.03 2.80 0.38 2.29 0.28 0.5 0.00
2.14.1993  2.48f 9.0 48 8.4 261 0.27  0.03 2.40 0.22 .96 0.32 0.20 0.60
9.12.1993  3.13¢ 9.0 5 8.2 29 0.23  0.03  2.80 0.44 246 0.26 0.20 §.10
6. 1.1994 3,236 4.0 19 8.2 294 0.21 0.03 2.90 0.42 2.33 0.28 0.1 0.55
18, 2.1994 2,758 5.0 27 1.4 9 0.08  0.02 0.80 0.00 0.74  0.12  0.04 0.13

Figure A.13. Sample page from EPRSDA Water Quality Monitoring Yearbook
(EPRSDA, 1996b)

233



1474

AYLIK ORTALAMA SU KALITES: DEGERLERTI

GUZLEM 1STASYONUNUN NUMARAST VE ADI  : 2248 DESIRMENDERE-OXGTLU
&R}%AJ ALANI (KM%2) - Hg.OOO

M) :
GUZLEM SURESIT 2 14.01.§992-23.42.1994

g VI B KATYOMLAR b AWvONLaR wat e S e
AYLAR (Ha/SN) C (ngl;ls. P 5C Na+t K+ Hg:’r CO; HCU; phe SQ: ?gglgﬁl XNa  SAR %Gi N ERE. e gg%?f
0CAK 3.431 4.3 33. 8.1 293, 0.26 0.03 2.69 0.3 2.2 0.25  0.14 2.99 8.9 0.23 13.47 187, 0.00 0.22  0.55 3
SUBAT 3.309 5.3 3t 7.8 235, 0.20 0.02 2,32 0.1 i.85 0.18  0.40 2.54 71.84 0.18 11.58 i50.  0.00 0.06 0.13 3
MART 7.304 6.7 275, 7.7 238, 0.23 0.02 2,47 0.02 .99 0.18  0.24 2.42  9.66 0.22 10.86 152, 0.00 0.16 0.25 3
NiSAN 17.145 9.0 58. 7.8 158, 0.10 0.02 .51 0.12 i.26 0.14  0.12 f.64  6.36 0.2 7.57 01,  0.00 0.13  0.30 2
HAYIS 27.262 10.5 250. 1.9 152, 0.08 0,01 1.50  0.06 1.33 0.09 0.4 1.60  5.34 0.10 7.50 97, 0.00 0.38  0.40 2
HAZIRAN 18.620 1{7.3 b6, 8.0 {33, 0.09 0.01 1.28  0.08 i.i7  0.08 0.05 1.38  6.55  0.11 6.44 85. 0.00 0.5  0.15 2
TEMMUZ 6.698 4.0 23, 7.8 226, 0.18 0.02 2,07 0.05 .93 0.44  0.16 2.27  B.i7  0.18B 10.34 145.  0.00 0.5 0.35 3
ABUSTOS 3.635 20.0 i2. 8.1 {64, 0.14 0.02 f.61  0.23 §.26 0.i8 0.10 .78 8.00 0.16 8.06 f06.  0.00 0.04  0.10 2
EYLOL 4.341 17.3 12, 7.8 278. 0.23 0.03 2,61 0.00 2.42 0.18 0.28 2,87 8.06 0.20 13.06 178, 0.00 0.03  0.13 3
EKiM 5.20f 13.3 138. 8.4 200. 0.13 0.02 i.87  0.38 .32 0.24  0.1f 2,02 6.31 0.13 7.36 {28.  0.00 0.01  0.10 4
KASTM 6.407 9.0 47. 8.3 1é7. 0.16 0.03 1.46  0.58 0.82  0.16 0.10 1.65 10.12  0.19 7.29 107, 0.00 0.14  0.60 3
ARALIK 5.230 7.7 21, 8.2 204. 0.19 0.03 .92 0.26 1.43 0.8 0.27 2.14 9.18 0.20 7.62 131, 0.00 0.32  1.10 3

%% NOT @ {-SULFAT iYONLART HESAP YOLUYLA BULUNMAKTADIR.
2-YAKLASIK SERTLiK HESABINDA (Ca+Ma) DESERI (Me/L) OLARAK (5) iLE CARPILMAKTADIR.
3-TOTAL TUZ HESABINDA (ECXE6) DESER: 0.64 ilE CARFILMAKTADIR.
4-DEB1,SU SICAKLIEI DESERLER: OLCUM ANINDAKI DESERLERIN ORTALAMASI OLUP,Di¥ER PARAMETRELER DEBi ASIRLIKLI ORTALAMA DESERLERDIR.

Figure A.14. Sample page from EPRSDA Water Quality Monitoring Yearbook — Monthly Averages (EPRSDA, 1996b)
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Figure A.15. Sample map from EPRSDA Water Quality Monitoring Yearbook (EPRSDA, 1996b)



AYVALL DERESI1 HAVZASI 1991 SU YILI AKIM DBESERLERT
Istasyon Cojrafi Koordinati : 419 07" 30" N enlemi ve 35° 37" 30“ E Boylamidir.

Aragtirma Slresi 1 1980 - 2004
Ortalama Debi : 3.2 L/
Maksimm ve Minimum Debiler : 1991 Su yilinda max. debi : 58.01 L/s ({6.7.1991)
1991 Su yilinda min. debi : 0.69 L/s (20.8.1991)
Aragtirma siiresince max. debi : 4600.00 L/s(10.5.1981)
Aragtirma siiresince min. debi H 0.03 L/s (24.8.1986)
Seviye Ulgedi :Egel - Linnigraf

AHamlar 1 Ekim 1990 dan 30 Eyliil 1991'e kadar ve sanayide litre olarak

] ALY R AL R
Gueher X | XI | x| 1 ]| o|m]iv] v | vi]vo|vim|ix
1 5.00 | 3.70(3.30 | 3.40 1.60 | 2.30 | 2.70 | 5.22 [ 5.90 | 2.30| 1.50| 1.60

2 4.70 | 4.00(4.18 | 3.40| 1.60 [ 2.30 | 3.55 [ 8.14 | a.60 | 2.00| 1.50 | 1.60

3 5.00 | 4.40(3.40 | 3.30 ) 1.60 | 2.30 | 6.25 | 4.50 | 3.30 | 2.00| 1.30 | 1.60

4 5701 4.q0 [s.00 | 3.20 | 1.60 | 3.40 [ 371 | 4.00 {3.20 | 2.30] 1.40 | 1.60

5 5.00 | 4.40[3.71 | 3.20 | 1.60 [ 4.40 | 3.20 | 4.20 | 6.46 | 2.30| 1.40 | 1.60

6 4.40 | 4.50 |3.54 .| 3.30 | 1.60 | 4.18 | 2.80 | 4.67 | 5.00 | 4.40| 1.40 | 1.60

7 4,40 | 4.203.20 | 3.40 | 1.60 [ 3.28 | 2.30 [ 5.00 | 3.40 | 2.90| 1.60 | 1.60

3 4.40 | 3,21 (3.30 | 3.40 | 1.60 | 3.20 | 3.63 | 4.85 | 2.90 | 2.61| 1.70 | 1.60

9 4.40 | 4,48 |3.40 | 3.40 | 1.70 [ 2.90 | 9.39 | a.50 | 4.59 | 2.30| 1.80 | 1.60

10 5.06 | 3.30 {3.30 | 4.12 | 1.70 | 2.70 | 4.70 [.3.80 | 7.78 | 2.40| 1.80 | 1.60

11 5.00 | 3.30 (3.30 | 4.00 | 1.50 | 2.70 | 4,70 | 4.00 |9.07 | 2.40| 1.80 | 1.60

12 5,00 | 3.2¢ [3.30 | 3.40 | 1.50 { 2,70 | 4.95 | 4.40 [5.20 | 2.30 | 1.70 | 1.60

13 4,10 | 3.00 |3.30 | 3.40 | 1.50 | 2.86 { 4.10 | 4.00 |4.40 | 2.30 | 1.60 | 1.70

14 3.30 | 2.80 [3.40 [ 3.40 | 2.00 [ 3.74 [3.30 | 3.40 [4.50 | 230 | 1.50 | 1.80

15 3.40 | 3.00 [3.00 | 3.30 [4.61 |2.70 [4.53 |4.30 |4.50 | 2.30 | 1.20 | 1.80

16 3.40 | 3.40 [2.81 [ 3.85 [ 7.10 | 2.60 [13.78 |6.33 |3.90 | 2.30 | 0.80 | 1.70

17 3.40 | 3.40 |3.00 | 3.90 | 3.60 | 2,60 |8.90 [4.00 [2.90 | 2.30 | 0.90 | 1.70

18 3.40 | 3.40 [3.30 | 2.90 |5.00 |2.70 |5.70 [3.40 |2.60 | 2.30 | 1.20 | 1.70

19 3.60 | 3.40 [3.20 | 2.30 | 3.57 |3.50 [5.70 {3.14 |2.60 | 2.30 | 1.00 | 1.40

20 3.60 | 3.40 [3.20 |2.30 |3.00 [2.70 [5.70 [5.48 |2.40 | 2.30 | 0.70 | 3.24

21 3.40 [ 3.40 |3.20 |2.40 [2.70 [2.90 |5.50 [|15.70 [2.60 | 2.30 | 0.80 | 2.30

22 3.40 | 3.40 [3.20 |2.30 [2.30 [3.20 |5.30 | 8.99|2.70 | 2.30 | 0.80 | 1.93

23 3.60 | 3.40 [3.20 [2.30 |2.30 [2.70 [5.20 | 6.70 |2.90 | 2.30 [ 0.80 | 1.50

24 5.36 | 3.40 [3.20 [2.20 [2.30 [2.60 |7.27 | 5.40 [2.80 | 1.90 [ 1.00 |1.60

25 3.80 | 3.40 [3.00 [1.80 [2.30 |2.40 [7.70 | 5.60 |2.40 | 1.90 [ 1.00 |1.60

26 3.70 | 3.30 3.00 [1.60 [2.30 [2.60 [5.40 | 6.90 [2.40 | 2.30 [1.10 |1.60

27 3.70 | 3.20 [2.90 [1.60 [2.50 |2.70 |4.70 | 6.10 {2.22 [ 1.90 | 1.50 [1.40

28 3.70 |3.30 [2.70 |1.60 |2.60 |2.70 |4.40 [ s5.50 |3.20 [ 1.50 |1.60 [1.30

29 3.70 | 3.40 [3.00 [1.60 | - 2.70 |4.40 | 5.50 |2.50 | 1.80 | 1.83 [1.50

30 3.60 |3.30 B.40 |1.60 | - 2,70 |4.00 | 5.70 |2.00 | 1.80 [1.60 ]1.20
31 3.60 - B.o |1.60 | - 2,70 | - 5.90 | = 1.50 | 1.60 | -
Ortalama 4.12 [3.55 [3.30 |2.82 |2.46 |2.89 |5.25 | 5.46 [3.83 | 2.26 [1.34 |1.68

Lis/km? 4.141 [0.983 (0.914 |0.781 |0.681 |0.800 |1.454 | 1.512{1.060 | 0.626] 0.371 | 0.465

Akim  (mm) [3:065 [2.549[2.448 [2,002 [1.648 (2,144 [3.769 | 4.051[2.750 | 1.676| 0,994 | 1.206
Ort.Yag(mm) [35.2 |24.9 |27.9 |58,2 |42.1 [35.0 J108.7 [ 114.7] 59.9 |37.5 [18.9 339

SR A R R e X

Figure A.16. Sample page from GDRS Rainfall-Discharge Yearbook
(GDRS, 1993)
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Havza Adi

SAMSUN-AYVALI DERESI

Havzanin Yeri

samsun'a bagli Vezirkdpri ilgesinin dogu-
sunda Vezirkopri ve Havza ilgelerini bir-
birine bagliyan karayolunun kuzeydogusunda
veralmaktadair

2

Havzg Alani 3.61 knm

Havza Cevre Uzunlugu 8.875 km.

Havza Uzunlugu 3.383 km. |
Havzanin Maksimum Ylikseltisi 733 m.

Havzanin Minimum Yukseltisi 535 m.

Havzanin Ortalama Yukseltisi hort = 634 m  hort,z 638.3 m

Havzanin Ortalama Egimi I

Toplam Su Yollart Uzunlugu 6.325 km. ‘
Ana Su Yollan Uzunlugu g Py ‘
Ana Su Yolu Profii Egimi s 7.7 ?

Havza Yoéneyi

Gliney - Kuzey

Egim indisi (1,)

% 23

Havza Sekil indisi

sI,- 3.17, SI,= 1.47, SI,= 0.58

1 2

Havza Agirlik Merkezinin
Ana Su Yolu lzdiisiimiinden
Havza Cikisina Olan Mesafe (L)

1.75 km.

Su Yollari Mertebesi

Uglincli Dereceden

Su Yollari Yogunlugu (D 4)

1752.1 m/km?

Havzanin Toprak Ortii Numarasi (C,)

81

Figure A.17. Watershed information from GDRS Rainfall-Discharge Yearbook

(GDRS, 1993)
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Figure A.18. Sample map from GDRS Rainfall-Discharge Yearbook
(GDRS, 1993)




APPENDIX B

WATER QUALITY PARAMETERS

B.1. List of Water Quality Parameters

List of water quality parameters that are available in the database for analysis of
water quality are listed in Table B.1. Symbol that is used to identify water quality
parameter, its common name and units are given in the table. Data type and precision
that is used to represent measured value of a water quality parameter in database

tables are also indicated.

Table B.1. Water quality parameters

Symbol Quality Parameter Units Type Precision
Ag Silver mg/l Decimal 7.2
Al Aluminium mg/l Decimal 7.2
As Arsenic mg/l Decimal 7.2
B Boron mg/l Decimal 7.2
B ppm Boron ppm Decimal 6.2
Ba Barium mg/l Decimal 7.2
BODS Biological oxygen demand mg/l Decimal 7.2
Ca Calcium mg/l Decimal 5.1
Ca Mg me |Calcium + Magnesium me/l Decimal 6.2
Cd Cadmium mg/l Decimal 7.2
Cl Chlorine mg/l Decimal 4.1
Cl me Chlorine me/l Decimal 6.2
CN Cyanide mg/l Decimal 7.2
Co Cobalt mg/1 Decimal 7.2
CO2 Carbon dioxide mg/l Integer 5
CO3 Carbonate me/l Decimal 7.2
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Table B.1. Water quality parameters (continued)

Symbol Quality Parameter Units Type Precision
COD Chemical oxygen demand mg/l Decimal 7.2
Col Color Pt-Co Integer 5
Cr Chrome mg/l Decimal 7.2
Cu Copper mg/l Decimal 7.2
Date Date - Date -
Det Detergent mg/l Decimal 7.2
Dis Si Dissolved silicate mg/l SiO, | Decimal 5.1
DO Dissolved oxygen mg/l Decimal 3.1
E Coli E. Coli EMS/100 ml| Integer 5
EC Electrical conductivity umho/cm Integer 5
F Fluoride mg/l Decimal 7.2
F Coli Fecal Coliform EMS/100 ml| Integer 5
F Strp Fecal Streptococcus EMS/100 ml| Integer 5
Fe Iron mg/l Decimal 5.2
Fen Phenol mg/l Decimal 7.2
H2S Hydrogen sulfate mg/l Decimal 7.2
HCO3 Bicarbonate me/l Decimal 7.2
Hg Mercury mg/l Decimal 7.2
K Potassium mg/l Decimal 5.2
K me Potassium me/l Decimal 6.2
M Al Total alkalinity mg/l CaCO; | Decimal 5.1
Mg Magnesium mg/1 Decimal 5.1
Mn Manganese mg/l Decimal 5.2
Mo Molybdenum mg/l Decimal 7.2
Na Sodium mg/l Decimal 5.2
Na me Sodium me/l Decimal 6.2
NH3 N Ammonia mg/l Decimal 5.2
Ni Nickel mg/l Decimal 7.2
NO2 N Nitrite mg/l Decimal 7.3
NO3 N Nitrate mg/l Decimal 7.2
O PO4 Ortho-phosphate mg/l Decimal 5.2
Oil Oil mg/l Decimal 7.2
Org Organic material ppm Decimal 6.2
Org N Organic nitrogen mg/l Decimal 7.2
P Al Phenolphthalein alkalinity mg/l CaCO; | Decimal 4.1
Pb Lead mg/l Decimal 7.2
pH pH Decimal 3.1
PmV Permanganate value mg/l O, Decimal 7.2
pV Organic material mg/l Decimal 5.2
Q Stream flow m’/sn Decimal 7.3
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Table B.1. Water quality parameters (continued)

Symbol Quality Parameter Units Type Precision
Sal Salinity % Decimal 7.2
Sb Antimony mg/l Decimal 7.2
Se Selenium mg/l Decimal 7.2
Sec D Seci disc depth cm Decimal 7.2
Sed Sediment ppm Integer 5
Set S Settlable solids mg/l Decimal 7.2
SO4 Sulfate mg/l Decimal 5.1
SO4 me Sulfate me/l Decimal 6.2
SS Suspended solids mg/l Integer 5
T Temperature °C Decimal 5.1
T Coli Total coliform EMS/100 ml| Integer 5
T Germ Total germicide EMS/100 ml| Integer 5
T PO4 Total phosphate mg/l Decimal 7.2
TDS Total dissolved solids mg/l Integer 5
TH Total hardness mg/l CaCO; | Integer 5
TKN Total Kjeldahl nitrogen mg/l Decimal 7.2
Tot N Total nitrogen mg/l Decimal 7.2
Tot P Total phosphorus mg/l Decimal 7.2
TS Total solids mg/l Integer 5
Turb Turbidity NTU Integer 5
Turb JTU | Turbidity JTU Integer 5
Turb Si0O2 | Turbidity Si0, Integer 5
Zn Zinc mg/l Decimal 7.2

B.2. List of Water Quality Parameter Templates

Contents of water quality parameter templates that are available in ‘Water Quality

Parameter Selection’ dialog are given below:

a) EPRSDA Water Quality Monitoring Station Template

Date, Stream Flow, Temperature, Sediment, pH, Electrical conductivity,

Sodium (me), Potassium (me), Calcium + Magnesium (me), Carbonate, Bicarbonate,

Chlorine (me), Sulfate (me), Organic material (ppm), Boron (ppm).
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b) SHW General Water Quality Monitoring Station Template

Stream flow, Temperature, pH, Electrical conductivity, Chlorine, Ammonia nitrogen,
Nitrite nitrogen, Nitrate nitrogen, Total alkalinity, Dissolved oxygen, Organic
material (mg/l), Ortho-phosphate, Total Dissolved Solids, Suspended Solids,

Biological oxygen demand, Sulfate.

¢) SHW Drinking Water Quality Monitoring Station Template

Stream flow, Temperature, pH, Electrical conductivity, Chlorine, Ammonia nitrogen,
Nitrite nitrogen, Nitrate nitrogen, Total alkalinity, Dissolved oxygen, Organic
material (mg/l), Ortho-phosphate, Total Dissolved Solids, Suspended Solids,
Biological oxygen demand, Sulfate, Chemical oxygen demand, Phenolphthalein
alkalinity, Sodium, Potassium, Calcium, Magnesium, Total hardness, Iron, Total

coliform, E. coli, Fecal streptococcus.

d) SHW Groundwater Quality Monitoring Station Template

Stream flow, Temperature, pH, Electrical conductivity, Chlorine, Ammonia nitrogen,
Nitrite nitrogen, Nitrate nitrogen, Total alkalinity, Organic material (mg/l),

Ortho-phosphate, Total Dissolved Solids, Sulfate, Sodium, Potassium, Calcium,
Magnesium, Turbidity, Phenolphthalein alkalinity.
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APPENDIX C

VMAP-0 HYDROGRAPHY COVERAGE
ATTRIBUTE TABLES

National hydrography dataset developed in this study is based on VMAP-0
hydrography coverage. Therefore it has some common feature types and attributes
with VMAP-0. Structure of VMAP-0 hydrography coverage tables are extracted

from MIL-V-89039 document and summarized here for information.

Table C.1. Danger Point Feature Attribute Table

Attribute Description Value | Value Meaning
id Row Identifier Sequential beginning with 1
f code FACC Feature Code BD130 | Rock

BD180 | Wreck
f code des FACC Feature Code Description A

Table C.2. Miscellaneous Point Feature Attribute Table

Attribute Description Value \ Value Meaning
id Row Identifier Sequential beginning with 1
f code FACC Feature Code BA030 | Island

BH120 Rapids
BH170 Spring/
Water-Hole
BH180 | Waterfall
BI020 Dam/Weir
BI030 Lock

B1040 Sluice Gate
f code des FACC Feature Code Description A
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Table C.3.

Aqueduct/Canal/Flume/Penstock Line Feature Attribute Table

Attribute Description Value | Value Meaning
id Row Identifier Sequential beginning with 1
f code FACC Feature Code BH000 [ Inland Water
f code des FACC Feature Code Description A
exs Existence Category 1 Definite
Under
Construction
6 Abandoned/
Disused
exs descri Existence Category Description 4
loc Location Category 0 Unknown
4 Below Surface/
Submerged
Underground
8 On Ground
Surface
25 Suspended or
Elevated Above
Ground or Water
Surface
loc descri Location Category Description A
nam Feature Name Text
(= UNK for unknown names)
nam_descri Feature Name Description Text
Table C.4. Miscellaneous Line Feature Attribute Table
Attribute Description Value | Value Meaning
id Row Identifier Sequential beginning with 1
f code FACC Feature Code BB040 | Breakwater/
Groyne
BB230 | Seawall
B1020 Dam/Weir
f code des FACC Feature Code Description A
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Table C.5. Water Course Line Feature Attribute Table

Attribute Description Value | Value Meaning
id Row Identifier Sequential beginning with 1
f code FACC Feature Code BH140 | River/Stream
f code des FACC Feature Code Description A
hyc Hydrological Category 6 Non-Perennial/
Intermittent/
Fluctuating
8 Perennial/
Permanent
hyc descri Hydrological Category 4
Description
nam Feature Name Text
(= UNK for unknown names)
nam_descri Feature Name Description Text
Table C.6. Inland Water Area Feature Attribute Table
Attribute Description Value | Value Meaning
id Row Identifier Sequential beginning with 1
f code FACC Feature Code BH090 | Land Subject to
Inundation
BHO000 | Inland Water
f code des FACC Feature Code Description A
hyc Hydrological Category 6 Non-Perennial/
Intermittent/
Fluctuating
8 Perennial/
Permanent
hyc descri Hydrological Category 4
Description
nam Feature Name Text
(= UNK for unknown names)
nam_descri Feature Name Description Text

245




APPENDIX D

HYDROGRAPHY LAYERS OF REFERENCE MAPS
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Figure D.1. 1:1,000,000 scale Administrative Units of Turkey map of GCM (GCM, 1998)
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Figure D.2. 1:800,000 scale Dams, Power Stations and Irrigation Establishments map of SHW (SHW, 1992)



61¢

Figure D.3. Combined map of watersheds from SHW discharge yearsbook (SHW, 1999) (approximate scale: 1:800,000)



APPENDIX E

DEM-BASED DRAINAGE BASINS
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a. Geographic distribution

AREA
il q
Mean BE46E5.91
Median A7516.75
Std. Deviation I6704.74
ariance 1347238085 48
Skewness BEBS
kurtosis 1103
Range QUE04 62
Minimum 2205016
Maximum 121654.78
Fercentiles 25 3TT9a.47
50 A7a16.74
7h HAR10.492

b. Statistics

Number of Drainage Basins

3.0

20

25000.0
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50000.0

75000.0

c. Histogram

100000.0

125000.0

Figure E.1. DEM-based drainage basins for 50,000 km? area threshold
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a. Geographic distribution

AREA
+ 12 4
Mean 3809220
Median 23718.74
Std. Deviation 32936.03
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Figure E.2. DEM-based drainage basins for 25,000 km? area threshold
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a. Geographic distribution

14
AREA
M B9
Mean 845199
Median 4187
Std. Deviation 79637
ariance 61408663.21 2
Skewness 1.624 'Q
Kurtasis 7547 S
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50 B541.87 £
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b. Statistics c. Histogram

Figure E.3. DEM-based drainage basins for 5,000 km? area threshold
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a. Geographic distribution

407
AREA
] 140
Mean 442339
Median J446.84
Std. Deviation 425373
Variance 18094201.04 2
Skewness 3148 g
kurtosis 17.030 o
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b. Statistics c. Histogram

Figure E.4. DEM-based drainage basins for 2,500 km* area threshold
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a. Geographic distribution

100
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Figure E.5. DEM-based drainage basins for 500 km” area threshold
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APPENDIX F

STRUCTURE OF DATABASE TABLES

Detailed information on the structure of the database tables used by the discharge and
water quality data analysis system is given in this section. Field name, data type,
size/precision and description of attributes are tabulated for each database table. All
field names are in capital and consist of alphanumeric characters and underscore

only. Description of data types used in the database tables are given in Table F.1.

Table F.1. Description of data types

Type | Description

Short | Integer stored as two binary bytes

Long | Integer stored as four binary bytes

Float | Real number stored as binary coded decimal

Text | String stored in a fixed length format

Date | Date stored as character string with format 'yyyymmdd'

Size information given in the tables has different meaning depending on the data
type. For short, long and text data types, sizes are indicated by an integer that shows
the length of the attribute value. For float data type, size is indicated by a decimal
number. Integer part of this number indicates the scale (length) of the attribute value,
whereas the decimal part indicated the precision (number of decimal places). Date

data type has a predefined size; therefore its size is not explicitly given in the tables.

A set of sample data is also provided for each database table to illustrate the format

of actual data that are (and will be) entered to the database.
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Table F.2. Structure of LU BASIN.DBF database table

Field Name | Type | Size | Description
WS ID Short 2 | Watershed ID
DSI NAME | Text 32 | Watershed name used by SHW
EIE NAME | Text | 42 | Watershed name used by EIE
Sample Data:
WS ID 2
DSI NAME Marmara Havzasi
EIE NAME Miiteferrik Marmara Sular1 Havzasi
Table F.3. Structure of LU GAUGE.DBF database table
Field Name | Type | Size | Description
GAUGE ID | Short 1 Gauge type
NAME Text 64 | Gauge type description
Sample Data:
GAUGE ID 1
NAME Esel

Table F.4. Structure of LU MDSTYPE.DBF database table

Field Name Type | Size | Description

MDS TYPE Short 2 | Monthly discharge summary type

MDS NAME | Text 32 | Monthly discharge summary name
MDS DESC Text | 128 | Monthly discharge summary description

Sample Data:
MDS TYPE

MDS_NAME
MDS_DESC

2

Total (million m®)
Total Discharge (million m?)
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Table F.5. Structure of LU MONTH.DBF database table

Field Name Type | Size | Description

MONTH NO Short 2 | Month number

MONTH NAME | Text 16 | Month name

MONTH ABBR | Text 3 | Month abbreviation

Sample Data:

MONTH_NO 10
MONTH_NAME October
MONTH_ABBR Oct

Table F.6. Structure of LU ORGANIZATION.DBF database table

Field Name | Type | Size | Description

ORG ID Short 1 Organization ID

ABBR Text 12 | Organization abbreviation

NAME Text 64 | Organization name

GS Short 1 Has gauging stations?
(0=NO, 1 =YES)

wWQsS Short 1 Has water quality monitoring stations?
(0=NO, 1 =YES)

Sample Data:

ORG_ID 1

ABBR DSI

NAME Devlet Su Isleri Genel Miidiirliigii
GS 1

WQS 1

Table F.7. Structure of LU WQSTYPE.DBF database table

Field Name Type | Size | Description

TYPE ID Short 2 | Water quality monitoring station type

TYPE DESC | Text 64 | Water quality monitoring station description

Sample Data:
TYPE ID 4

TYPE DESC Drenaj Kanali
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Table F.8. Structure of LU WQPARAMETER.DBF database table

Field Name Type | Size | Description

WQP SYM Text 12 | Water quality parameter symbol

WQP NAME | Text 32 | Water quality parameter name

WQP UNIT Text 16 | Water quality parameter unit

WQP _TYPE Text 8 | Water quality parameter unit type
(Decimal, Integer, Date)

WQP WNP Float | 3.1 | Water quality parameter unit precision

Sample Data:

WQP_SYM T

WQP NAME Temperature
WQP_UNIT °C
WQP_TYPE Decimal
WQP_WNP 7.3

Table F.9. Structure of LU WQTEMPLATE.DBF database table

Field Name Type | Size | Description

WQT NAME Text 32 | Water quality parameters template name
WQT _PARMS Text | 254 | List of water quality parameter symbols
(comma separated)

Sample Data:
WQT NAME EIE

WQT PARMS Date,Q,T,Sed,pH,EC,Na_me,K me,Ca Mg me,CO3,HCO3
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Figure F.10. Structure of G-STATIONS.DBF database table

Field Name Type | Size | Description

WS ID Short 2 | Watershed ID
ORG ID Short 1 Organization ID
ST ID Short 3 Station ID

GS ID Long 6 | Gauging station ID
ST NAME Text 64 | Station name

LATITUDE Float 6.4 | Latitude (decimal degrees)
LONGITUDE Float 6.4 | Longitude (decimal degrees)
ELEVATION Short 4 | Elevation (m)

DR AREA Float 7.2 | Drainage area (km®)
GAUGE Short 1 Gauge type
LOCATION Text 128 | Description of station location
R START Date - Start of recoding period
R _END Date - End of recording period
Sample Data:
WS ID 22
ORG _ID 3
ST ID 2
GS ID 2203002
ST NAME Kara Dere — Degirmencik Kdyii (Agnas)
LATITUDE 40.8517
LONGITUDE 40.0089
ELEVATION 78
DR _AREA 649.59
GAUGE 1
LOCATION Trabzon’a bagl Arakli ilgesinden Dagbasi bucagina giden
yolun 12. km’sindedir
R _START 11/12/1942
R_END 09/30/1991
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Figure F.11. Structure of WQ-STATIONS.DBF database table

Field Name Type Size | Description

ORG ID Short 1 Organization ID

WS ID Short 2 | Watershed ID

ST ID Short 3 Station ID

WQS ID Long 6 | Water quality monitoring station ID
NAME Text 64 | Station name

ELEVATION Short 4 | Elevation (m)

DR AREA Float 6.2 | Drainage area (km2)

GS ID Long 6 | Gauging station ID

S START Date - Start of sampling period

S END Date - | End of sampling period
LOCATION Text 128 | Description of station location
REMARKS Text 128 | Remarks

LATITUDE Float 6.4 | Latitude (decimal degrees)
LONGITUDE Float 6.4 | Longitude (decimal degrees)

Sample Data:

ORG _ID 3

WS ID 22

ST ID 6

WQS ID 322006

NAME Degirmendere - Kanlipelit

ELEVATION 263

DR_AREA 737

GS ID 322006

S START 07/07/1988

S END 12/17/1991

LOCATION Trabzon’dan Erzurum’a giden sosenin 25. km’sinde
Kanlipelit ¢evresindedir

REMARKS Istasyon 1992 yilinda kapatilmistir

LATITUDE 40.8381

LONGITUDE 39.6317
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Table F.12. Structure of Daily Discharge (Dxxxxxxyyyy.DBF) database table

Field Name Type | Size | Description

DAY Short 4 | Day in a month

OCT Float 6.3 | Discharge for the day in October
NOV Float | 6.3 | Discharge for the day in November
DEC Float 6.3 | Discharge for the day in December
JAN Float 6.3 | Discharge for the day in January
FEB Float | 6.3 | Discharge for the day in February
MAR Float 6.3 | Discharge for the day in March
APR Float | 6.3 | Discharge for the day in April
MAY Float 6.3 | Discharge for the day in May

JUN Float | 6.3 | Discharge for the day in June

JUL Float | 6.3 | Discharge for the day in July

AUG Float 6.3 | Discharge for the day in August
SEP Float 6.3 | Discharge for the day in September

xxxxxx = Gauging station ID
yyyy = Year

Sample Data:

DAY 4
OCT 9.26
NOV 12.1
DEC 6.65
JAN 7.2
FEB 8.17
MAR 6.65
APR 15.1
MAY 45.9
JUN 26.7
JUL 6.99
AUG 5.66
SEP 4.6
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Table F.13. Structure of Yearly Discharge Summary (DSyyyy.DBF) database table

Field Name Type | Size | Description
GS ID Long 6 | Gauging station ID
DS PERIOD Short 2 | Length of recording period (years)
DS PMIN Float | 7.3 | Minimum discharge in recording period
(m3/s)
DS PMAX Float | 7.3 | Maximum discharge in recording period
(m3/s)
DS PAVG Float | 7.3 | Average discharge in recording period
(m3/s)
DS YMIN Float | 7.3 | Minimum discharge in water year (m3/s)
DS YMAX Float | 7.3 | Maximum discharge in water year (m3/s)
DS YAVG Float | 7.3 | Average discharge in water year (m3/s)
DS PMIN D Date - | Date of minimum discharge in recording
period
DS PMAX D Date - | Date of maximum discharge in recording
period
DS YMIN D Date - | Date of minimum discharge in water year
DS YMAX D Date - | Date of maximum discharge in water year
RC ID Short 2 | Rating curve ID used in water year
DS REMARKS Text | 254 | Remarks
DS YTOTAL Float | 6.1 | Total discharge in water year (million m3)
yyyy = Year
Sample Data:
GS ID 322001
DS PERIOD 23
DS PMIN 2.45
DS PMAX 731
DS PAVG 26.131
DS YMIN 3.35
DS YMAX 351
DS YAVG 31.403
DS PMIN D 08/06/1972
DS PMAX D 04/09/1978
DS YMIN D 07/24/1987
DS YMAX D 05/02/1987
RC ID 25
DS REMARKS Akim durumu iyi. Y1l i¢inde 2 ayr1 anahtar egrisi
kullanilmis, 10 akim 6lgiisii yapilmistir.
DS YTOTAL 990.3
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Table F.14. Structure of Monthly Discharge Summary (MDxxxxxxyyyy.DBF) table

Field Name Type | Size | Description

MDS TYPE Short 4 | Monthly discharge summary type
OCT Float 6.3 | Value for October
NOV Float 6.3 | Value for November
DEC Float 6.3 | Value for December
JAN Float 6.3 | Value for January
FEB Float | 6.3 | Value for February
MAR Float 6.3 | Value for March
APR Float 6.3 | Value for April
MAY Float 6.3 | Value for May

JUN Float 6.3 | Value for June

JUL Float | 6.3 | Value for July

AUG Float 6.3 | Value for August
SEP Float 6.3 | Value for September

xxxxxx = Gauging station ID
yyyy = Year

Sample Data:

MDS TYPE 1
OCT 31.535
NOV 38.492
DEC 25.197
JAN 31.842
FEB 26.483
MAR 33.85
APR 114.109
MAY 198.18
JUN 72.755
JUL 36.651
AUG 39.949
SEP 17.738
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Table F.15. Structure of Rating Curve (RCxxxxxxnn.DBF) database table

Field Name Type | Size | Description
LEVEL Short 3 | Water level (cm)
DISCHARGE Float | 7.3 | Discharge (m3/s)

xxxxxx = Gauging station ID
nn = Rating Curve ID

Sample Data:
LEVEL

DISCHARGE

60
0.64

Table F.16. Structure of Water Quality Monitoring (WQxxxxxxyyyy.DBF) table

Field Name

Type

Size

Description

MONTH

Text

3

Month Abbreviation

A set of water quality fields: Name, type and precision depends on the parameter

xxxxxx = Water quality monitoring station ID

yyyy = Year

Sample Data:
MONTH

HCO3
B _PPM

Q

EC

CA MG ME
CO3

CL_ME
ORG

PH

K ME

SED

NA ME

SO4 ME

T

DATE

Jul
1.2
0.05
13.474
153
1.4
0.1
0.16
1

8
0.03
125
0.12
0.09
17

07/07/1988
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