iii)

iv)

V)

In comparlsbn with the WHO's upper limit guideline value for 507, all
the stations except Cankaya exceeded on 85% - 100% of the days of
the monitoring. At Cankaya the percentage was 75%, and 507 levels
were below the guideline value on 21 days out of 85 effective days

for monitoring.

As indicated above, SO7 concentration at Cankaya was lowest for the
majority of days of the monitoring, However, the concentration
varied from below the Ist to above the th emergancy levels. This is
a characteristic feature of the southern zone of the City including

Kavaklidere,

As to the concentration of PM, number of days exceeding the ist
level is 3 - 7% of the effective monitorihg days, and the 2nd level

was never exceeded at all the stations. -

2.5.2 High Concentration and Meteorological Condition

All the sixteen days when high concentration was recorded at all the stations were

selected, and the meteorological conditions of_'thé days were examined. They are
December 20 and 21, 1984, January 16 - 19 and 22 - 27, February 22 and 23, and
March 11 and 12 in 1985. | -

The wind roses at the 3 stations averaged over these periods are shown in Figure

2.5.1.

In corparison with the wind roses averaged over the entire period of observation,

they show the following characteristics.

)

ii)

At the Meteorological Agency, the wind direction of ENE observed '
most frequently throughout the whole period is further dominating
during the high concentration periods. Western winds seen in the

whole period are seldom observed at the times of high concentration,

NNE-NE and W winds at Tandogan, and ENE-E and NW winds at
Kavakiidere are high in frequency being similar to the patterns durihg
the whole period.  However, frequencies of W-5 winds are
considerably lower than those in the whole period.
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(METEOROLOGICAL AGENCY)

{(whole period)

—— frequency of wind Center circle
direction (%)

_ upper: calm condition (%)
w-w-- average wind speed lower: over-all average
{m/s) wind speed (m/s)
Figure 2.5.1 Wind Rose during the Days of High Concentration
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ili) Average wind speeds are lower than those for the whole period.
iv)  In general, high concentration occurs at the times of eastern winds.

Table 2.5.4 shows the hourly frequency of wind dnrectxon at Kavakhde:e during
the 16 days of high pollutant concentration. Eastern winds dominate until noon,
and then western winds appear in the afternoon blowing pollutants back, and the
eastern winds appear again and dominate over the night. Since the Ankara basin
is higher to the east and lower 10 the west, those winds with periodic change in
direction as mentioped above are considered to be valley breeze and mountain
breeze that blow along the surface topography with generally low speed (see

Figure 2.5.2).

It is considered that high concentratlon occurrences in Ankara are due, partly at
least, to such low-speed mountam breeze that is peculiar to the basined
topography, drifting pollutants toward the bottom part of the basm, that is the
central part of the City. '
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Hourly Frequency of Wind Direction at Kavaklidere

Table 2.5.4

During the Pericds of Hight Pollutant Concentration
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.2.5.3 Analyéis of the Particular High Concentration Period

For the analysis of the time variation of pollutant concentration in relation to the
meteorological factors, the period from December 19 to 22, 1984 is taken as an

example.

Peak of poliutant concentration in this period appeared independently over the
20th and the 2lst in the continuous monitoring at all the stations (see Figure
2.2.1), During this period vertical profiles of air temperature were also measured
in the upper-layer 'met'eorological observation., The surface weather charts at
9:00 a.m. on the December 20 and the December 21 are shown in Figure 2.5.3.

Dec.20 '84 06:;00GMT
(09:00)

21 184 06300GUT
Dec 4 (09:00)

Figure 2.5.3 Surface Weather Charts at the time of High Concentration

As it is seen from the weather charts, the whole Central Anatolian Region is

covered by the anticyclone which is moving slowiy from west to east.
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Figure 2.5.4 shows the time-variation of the 502 concentration and the mixing
depth estimated from the vertical profile of temperature during this 4-day period.

Concentration of SO7 began to increase in the evening of the 20th and became
highest on the 21st having two peaks in the’ morning and evemng, and began to
decrease on the 22nd. Meanwhile, the mixing depth beg,an to decrease gradually
at night on the 19th, and became smallest during the hours of mid-night and early

morning over the 20th to 21st, and then began to increase.
Characteristics of these variation patterns can be summarized as follows.

i) A definite correlation is observed between the SO concentration and
the mixing depth. The smalter the mixing depth, the higher the

concentration becomes.

ii} SOy concentrations are high at Yenimahalle, Bahcelievler, and
Kavaklidere showing the {wonpeak pattern similar to that of emission

source strength.

iii) Different from these areas, a peculiar time-var‘iation. in pollutant
concentration was observed at Cankaya where 507 concentration was
generally low being around 100 - 200 ppb during the days of the 20th
and the 2lst, but it became high suddenly for a few hours-(lS:OU -
16:00 and 22:00 - 23:00 on the 20th and 9:00 - 10:00 on the 21th). At
these hours, wind speed was about 1.0 m/s and wind direction was
NW-N or ENE. Judging from the fact that these peaks appe_a;ed_wi'th
a time-lag of about one hour from those at Kavaklidere situétec_i to:
the north, it is inferred that the 'hi'gh concentration in Cankaya was
caused by the pollutants transported from the direction of the central

area of the City.

As described above, cccurrence of high concentration is greati'y affected by
mixing depth. When an invension lid is formed at a certain height in ‘the
atmosphere, mixing depth decreases with the increase in local altitude.
Therefore, at a high-altitude site like Cankaya, polli)tant con_centt_‘atioh.may rise
radically even if the amount of poliutant emission around that site is relatively '

small.
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2.6  DISTRIBUTION OF POLLUTANT EMISSION

2.6:1 Stationary Sources

(D

Combustible Sulfur Content in Lignite

Content of combustible sulfur was determined for the ungraded and
the laved lignite used in Ankara as heating fuels, based on the

following analytical results.

a. Results of the analysis made in Japan on the samples taken
from | ton of ungraded lignite and | ton of laved lignite

donated by the Turkish side.

b.  Results of the apalysis made by the Turkish side on the same

kinds of lignite as a. above.

c.  Results of the flue gas analysis made by the Study Team in

Ankara as a part of the emission source survey.

d.  Results of the analysis made in Japan on the samples of lignite
used in the combustion test in the Phase I of the Study, and on
the samples collected from the Tuncbiléc coal mine in the
Phase Il of the Study. '

A summary of the results of a., b., and c. mentioned above are shown
in Table 2.6.1, and the results of d. are shown in Table 2.6.2.

From these results, the average values of sulfur content in the .
ungraded lignite and laved lignite are determined as shown in Table
2.6.3.
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Table 2,6.1 Combustible Sulfur Content in Lignite

Unit:s %

Source of _

_ result Analysis by Analysis by | Flue gas analysis
Kind Japanese side Turkish side | by Study Team
of lignite S '

Ungraded 2.7 2.68 2.58
Laved 0.95 1.49 0.79
Note 1)} ‘“Ungraded lignite" refers té_ the iignite extracted from the

- open mines with subsequent screening out of the sizes
below 30 mm, mannual removal of stony and muddy lumps,
but without washing.

2) "Laved lignite" refers to the lignite extracted from the
~ underground and open mines different from that of 1} with
the subsequent screening and washig to remove soil, mud,
and stones. [t's ash content is lower than that of ungraded

lignite.

Table 2.6.2 Total Sulfur Content in Lignite

Ungraded lignite

Laved lignite
Samples Total § Samples Total S
i {96) (%)
X?iltii gg;{i:;g ol g? P-I Permbe Kosk 1.0

P-1 Y. Ayranci Hasder = | -2.3"

' Sok.

Tireboln Sok. 2.7 P-il  |PembeiKosk) 1.8
-_ Hava Sok. 2.7 -

P-II | MTA stove 3.3 10 mm 2.1
MTA boiler 2.3 Washery {10 - 18 mm 1.9
Screening plant 2.3 ] Tunc- | (size) 18 - 50 mm 1.8
(30-400mm) bilec 50 mm 1.3

“Tunc- | ditto (. 30 mm) 3.1 icoal
bilec | Open mine A : mine
| coal | (4 samples mixed) 3.3 Sampled {0-1.3m 0.8

mine | Open mine B : from 1.3 -2.6m 1.2
(2 samples mixed) = | 3.1 under- |26 -3.9m 1.3
Screening plant hopper ground |3.9 - 42 m 0.8
(3 samples mixed) 3.0 layer B.2-6.5m 1.2

: (height) '

Note: P-I and P-II indicate the samples of lignite used in the
combustion test in Phase-I and Phase-ll, respectively.
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Table 2.6.3  Combustible Sulfur Content in
Ungraded Lignite and Laved Lignite

, Ungraded Lighi‘te Laved Lignite
L 2.7% 1.4%

(2) Combustible Sulfur Content in Fuel Oil, Coke, and Coke-Briquette

Content of the combustible sulfur was determined for fuel oil, coke,
and coke-briquette used in Ankara based on the foilowing data.

a.  Analytical results obtained from the Ankara Briquette Factory

Laboratory

b.  Results obtained through the flue gas analysis made by the

Study Team in Ankara

c. Estimates supplied by the General Directorate of Environment,
Turkey, and the data released by the General Directorate of

Petroleum Office, Turkey.

The combustible sulfur contents in the fuels according to the data

sources mentioned above are shown in Table 2.6.4.

Table 2.6.4 Combustible Sulfur Contents in Fuel Oil,
Coke, and Coke-Briquette

Analysis by Ankara ~ Flue gas Data supplied by the

Briquette analysis by Turkish authorities
Factory Laboratory the Study Team (for 1983/1984)
Coke-briquette Fuel oil Coke  Coke- Fuel
_ briquette | oil

Coke powder

briquette  0.69% 0.96% 0.5% 0.6% 0.9%
Coke graded ' o ' '
briquette 0.69% 0.97%

Coke briquette
for plant  0.69%
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)

Quantity of Emission of 505 from the Stationary Sources

The amount of the fuels used and the 507 emitted during the heating

“geason of 1'984/85 \'vére determined based on the sales records of the

Turkish Coal Board and the Turkish Petroleum Office, the
consumption statistics of heavy oil in Ankara and its vicinity

published by the Turkish authority, and the estimates made by the

~ General Direttor_ate of Environment. Quantity of the SO7 emission

was then computed. The results are shown in Table 2.6.5.

Table 2.6.5  Fuel Consumption and 507 Emission from |
Stationary Sources in the Winter of 1984/1985

Kind Consumption | Average suifur SO5
of in the city content emission

fuel . (ton) (%) (ton)
| Ungraded Lignite 837,000 2.7 45,200
Laved Lignite 275,000 1.4 7,700
Coke | 124,000 0.6 1,490
Fuel ol | 220,000 0.9 3,960
Coke-briquette 13,000 0.6 160
 Total | - - 58,510

2.6.2 Mobile and Other Sources

(D)

Diesel-Fueled Automdbiles

As it was confirmed by the analyses of the automobile exhaust gases

 conducted as a part of the on-site emission source survey, emission of

SO from the gasoline-fueled automobiles is negligible. Therefore,

only diesel-fueled automobiles will be considered.  Assuming

conservatively that the whole amount of the diesel sold in the City
was consumed by the diesel-fueled automobiles or other consumers
within the City,' the amount of SO2 emission in the winter of 1984/85

is éstimated to be as follows:
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Annual diesel consumption 1 293,000 tons
(estimated for 1984)

Consumption during 5 months: 295,000 x 5/12
in the wintet _ . = 123,000 tons

Sulfur content in the diesel : 0.35% (postulated)

Amount of SO, emission : 123,000 x 0.0035 x (611»/32)*
during the winter _ = 861 tons _

(* Molecular weights of SOz and $ are 64 and 32, respectively.)

(2) Trains

Bituminous coal and lignite are said to be used in the trains. Since
the details are not known, a rough estimation is made using the data
in 1969 reported in the study of NATO!.

According to the said study, emission of 503 from trains was 620 tlyr
in 1969. Assuming that the emission has increased by the present in
proportion to the increase in population, the following estimate can

be made:

SO7 emission in 1969 1 620 tons/yr

Population of the City in 1969: 1,170,000 (estl?nated) _
Population of the City in 1934%: 2,050,000 {estimated) |
Population ratic 1984/1969 : 175 '

SO em.ission in the winter ¢ 620x 1.75x 5/12 =452 tons
of 1984/85

(3) Total

The total quantity of the 502 emission from moblle sources in the
winter of 1984/85 is estimated to be 1,313 tons that is about 2. 2% of
the quantity emitted from the stationary sources shown in Table
2.6.5, '

1} NATO, Air Pollution ~ Guidelines to Assessment of Air Qua.l.i.t'y {Revised)
N.6, Appendix A - Assessment of Air Quality in Ankara, Turkey,
August 1972,
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(#)  Summary

The results of the study on the mobile emission sources can be
summarized as follows:

a. From the on-site analysis 'qf aﬁtomobile exhaust gas, emissions
of 502 and PM from a gasoline-fueled car is negligibly small as
compared with those from a diesel-fueled automobile,

.b. Quanﬁty of 507 emission from the mobile sources (diesel
':Eueled) during the winter of 1984/85 estimated based on the annual
consumption of diesel and the result of the past study is about 1,313

" tons which corresponds to 2,2% of that from the stationary sources.

c. A_ccbrding to the traffic volume survey conducted at 5 locations

_oh the major roads in Ankara City, variation of the traffic volume of
the diesel-fueled automobiles by hours is small, Considering the
_s.mall ‘quantity of 5O7 emission from the mobile sources as estimated
above, it can be assumed that the twé—peak pattern of the pollutant
concentration observed in Ankara City is mostly caused by the
heating of buildings and houses. Contribution of mobile sources to
the air pollution is negligibly small.

As far as the concentration of SO2 in the winter is concerned,
influence of mobile sources is found to be small. Considering the
lead time of pollution control measur_’es and reduction rate of
.pollutant emission aimed at in this Study, and also considering the
limit in precision of the p.re'diction methods, factors related to the
mobile sources are negligibly small, and therefore, will he excluded

from the consideration in the subsequent studies,

2.6.3 Geographical Distribution of Sulfur Dioxide Emission

‘Based on the aforementioned results, geographical distribution of SOy emission in
Ankara in the winter of 1984/85 was computed in the manner described below.

a.  Using a topographical map of Ankara made by aerial photos

with the scale of 1 ¢ 15,000, the area was divided into 300-m square
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clements. The number of buildings counted in each square element
was classified into 3 categories, large, middie, and small to obtain

the distribution of buildings.

b. The regional amounts of supply of coke, lignite, and coke-
briquette for household stoves were allocated to each element taking

the building distribution into account.

C. The regidnal amount of supply of lignite {(ungraded lignite 75%,
and laved lignite 25%) and fuel oil for heating boilers were allocated

to each element taking the building distribution into account.

d. Erom the results of b. and c. above, amount of each kind of fuel
was totaled for each element. Using an emission factor of SO, for
each kind of fuel, the total emission of 507 was obtained for each

element,

The geographical distribution of $O; emission thus cbtained is shown in Figure
2.6!1' .
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Figure 2.6.1 Geographical Distribution of 507 Emission

(Winter of 1984/1985)
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2.7

2.7.1

Table

RESULTS OF THE AIR QUALITY SIMULATION

UNDER THE EXISTING CONDITION

Concentration Distribution

(D

2.7.1

Winter Average Concentration

Distribution of the average concentiration simulated for the period of

the air quality monitdring in the winter of 1984/1985 is shown in
Table 2.7.1 and Figure 2.7.1. Locations of the monitoring stations

are also shown in the Figure.
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Figure 2.7.1 Winter Average 502
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(2} 24-Hour Mean and One-Hour Mean Concentration
-at the Time of High Concentration

Concentration isopleths of SOy for 24-hour mean and one-hour mean
under the condition of high concentration occurrence are shown in
Figures 2.7.2 and 2.7.3, respectively.
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2.7.2 Contribution Factors of Emission Sources

Contribution factors of small and medium height emission sources on the

concentration of SO, at each monitoring station are shown in Table 2.7.2.

Table 2.7.2 Contribution Factors of Emission Sources

Small-height Medium=height
Station - emission emission
sources (%) sources (%)
Yenimahalle 53.0 47.0
Tandogan 34.0 66.0
Cebeci 36.1 63.9
Bahcelievler o245 755
Sihhiye 32.9 L 67.1
Kavaklidere 29.0 71.0
Cankaya : 31.5 _ _ 63.5

As shown in Table 2.7.2, contribution of small-height emission sources to the
pollutant concentration at Yenimahalle is 53%, but the contribution of small-
height emission sources to the other stations is much lower, the factors being
around 30%. These differences are considered to be due to the regional

differences in the degree of urbanization,

2.7.3 Results of the Time—Dependent Simulation

Computations were made to simulate the time-variation of the $O;7 concentration
at each monitoring station for the period of the December 20 and 21, 1984 when
pollutant levels were very high. The results are shown in Figures 2.7.4 and 2.7.5
in comparison with the measured results. The simuiated and measured values
shown are in 3-hour running mean concentration since the conditions of wind field
and inversion lid were applied by every three hours.

It is considered that variation patterns simulated agree, in 'genera_l, with those
measured. However, relatively large differences are seen in mid-night and
afternoon. 1t is considered to be due partly to the ’time—distribuﬁon of emission
used in the simulation that was determined based on the data obtained through the
on-~site questionnaire about the combustion hours, while the actual condition may
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he that emission was continuing, though in a less extent, during those hours even
though combustion was not intended, and parily to the ability of the simulation
model in which effect of the retention of poliutants was not sufficiently

expressed.

It is considered, however, that the simulation model developed here is able to
~ express the degree of effect of emergency measures, with a sufficient degree of

accuracy, in comparison with the no-measure case,

A detailéd description of the simulation models developed and used in the analyses
in this Section will be found in the Appendices.

2.8 SUMMARY

On the basis of the analysis made on the present state of air pollution as described
~in the preceding sections, the mechanism and characteristics of the air pollution
“in Ankara can be summarized as follows. |

i} From the results of analysis on the local and temporal patterns of
\fariaﬂon in concentration, atmospheric stability in relation to
_cohcenfration, and cor.relation between the concentration of $O2 and
PM, major sources of pollutahts‘ in Ankara City are considered to be
small and medium height sources such as stoves and boilers for

heating.

ii) A:n'aly'se:'s on the reiétion of wind speed and wind direction to pollutant
concentration indicate that the concentration at a particular area is
affected largely by the sources in the immediate vicinity. And it
further supports the indication in i) that the small or medium height

of the sources is the major cause of occurrence of high

" concentration.

iii) Due to the basined topography, wind speeds are low and poliutants

‘are detained near the sources.
iv) Refrigeration of the ground level due to the heat radiation during the

night tends to cause the ground level inversion. Inversion remains at

certain height even after the rise of ground'level temperature

w7 5=



v)

vi)

bringing forth the state at which pollutants are confined under the lid

resulting in high concentration.

Strong correlation exists between pollutant concentration and mixing
depth, that is, the smaller the mixing depth, the highet;' the
concentration becomes. Depending on the state of prevailing mixing
height, abno'rmaiiy high concentration may occur even at Cankaya
station, as observed, where the strength of the pollutant emission is
relatively low but the altitude is higher than central areas of the
City. |

In planning suitable countermeasures against the air pollution in
Ankara, a priority should be given to the control of SO rather than
PM, since concentration of SOp often exceeds the emergency levels
at present and many of conirol measures for SO are also effective in
reducing the emission of PM. '
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Chapter 3 PRESENT STATE OF AIR POLLUTION CONTROL

3.4 ORGANIZATIONS RESPONSIBLE FOR OR RELATED TO
AIR POLLUTION CONTROL

A number of governmental or non-governmental organizations are involved in
various fields of air pollution control such ‘as air quality monitoring, study of

‘control measures, and planning and implementation of specific measures.

These orgamzatlons and their roles in dealing with the air pollution problem in

Ankara are described below.

3.1.1 Central Governmental Bodies

(1) General Directorate of Environment (GDE)

GDE is 'a_tt'ached to the Prime Ministry, and is the main responsible
body and the authority dealing with air pollution control in Ankara in
cooperation with related governmental and non-governmental
orgaiii'zati'o.ns. GDE is presently organized as that shown in Figure
.3,1.1 constituted by a Director General, four main service units, one
consultation unit, and two auxiliary units. The total number oi

personnel is 7.4 including a Director General.
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Department of Organization
and Finance (8)

Department of Environmental

- Standards (6) . Main
Setvice
Department of Technology (8) Units
Director | Department of Foreign | ]
General ~ Affairs (5) ' |
Department of Research, :] Consultation
. Planning and Coordination (7) Unit - '
| Department of Administration - _ o
and Financial Atfairs (33) Auxiliary
_ Units
Department of Personnel :
7 Affairs (6) -
Note: Figure within the parentheses indicates the r_mmbe.r'

(2}

(3)

("

of personnel including a director.

Figure 3.1.1 Organization of General Directorate of Environment .

Public Health Institute (PHI)

PHI is attached to the Ministry of Health and Social Affairs, and its
responsibility related to the air pollution in Ankara .includes
monitoring of ambient air quality at 16 stations. Results of the
monitoring at 16 stations are reported daily to GDE and are

transferred 1o the Provincial Government of Ankara.

General Directorate of State Meteorological Works (SMW)

SMW is in charge of meteorological observation and weather
forecast. These data are transferred daily to the Provincial

Government of Ankara.

Ministry of Energy and Natural Resources (MENR)

There are two attached organizations and one department under
MEUR that are directly or indirectly related to the control of the air

pollution in Ankara.
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3

i

iii)

(5)

(6)

General Directorate of Turkish Coal Board (TKI)

TKI (Turkish abbreviation) is the major organization respohsible for

' m_ining and distribution of coals in the whole country. They are to

supply lignite and coal of the best quality to Ankara especially for
dornestic heating, as well as for industry,

~ The responsible unit beloging to TKI for sale and distribution of coals
~is Coal Sale and Distribution Establishment (KST in Turkish

abbreviation). .

General Directorate of Mineral Analysis and Research (MTA)

~In MTA (Turkish abbreviation),: Division of Fuels in the Department of
Technology and Laboratory is conducting research studies on fuels

and combustion systems with boilers and stoves.

Department of Energy in MENR is responsible for making the

‘pragram of training boiler operators on operation and maintenance ot

boiler systems. This task is carried out in cooperation with the
Municipality Police Directorate and the Ministry of Education, Youth

and Sports.

Ministry of Education, Youth and Sports (MEYS)

General Directorate of Apprentice and Public Education attached to

MEYS is executing the program of training boiler operators in

‘cooperation with the governmental bodies mentioned above.

Turkish Council of Scientific and Technical Research (TUBITAK)

TUBITAK {(Turkish abbr_eviatlon) is attached to the Prime Minisiry.
Building Research Institute of TUBITAK is conducting various

‘research works including. means of fuel saving in' the existing

buildings and improved design criteria for new buildings.
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3.1.2 Provincial Government of Ankara (PGA)

Governor of provincial government s appointed by the Min_i:_ster of Interior
Affairs. Provincial directors of various departments under the governor are
appointed by the relevant Minisiries of the Central Government. Important
decisions at provincial level are made at the Board of Provincial Administrators
(BPA) constituted by the governor and provincial directors. Each year in Ankara
PGA, according to the decision of BPA, proclaims specific measures to be taken
within the boundary of Ankara Metropolitan Municipality against the air pollutic)n
in the winter season. These measures include the regular measures to be taken at
ordinary times and the emergency measures to be taken corresponding to each of
four emergency levels specified in terms of the concentrations of 507 and PM
(particulate matter). BPA decides, based dn the information of weather forecast
of SMW and levels of SO, and PM measured by PHI and reported by GDE, whether
to proclaim an emergency level. The announcement is to be made through radio

and television, and has ever been made once in January 1982.

3.1.3 Ankara Metropolitan Municipality

Several number of internal and external orgénizations of Ankara Metro'poiitan
Municipality (AMM) are directly or indirectly involved in the control of air

pollution in Ankara.

(1} Directorate of Electricity, Gas and Omnibus (EGO)

EGO is conducting studies on the development of a cify gas plant for
district heating and on the air pollution due to the automobile

exhaust gas and its control.

(2)  Ankara Master Plan Bureau {(ANPR in Turkish abbreviation)

ANPB is responsible in drawing master plan for the development of
Ankara metropolitan area. In the master plan m.aking,'considerations
are being given to the mitigation of air pollution, e.g., planning Clty
development toward the west not to aggravate the air pollution in the -

central part of the City.
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(3)  Urban Reconstruction Directorate (URD)

URD is in charge of actualization 6f the development plan drawn up
by ANPB. Their activities include inspection of application for
building construction in accordance with various building regulations
including those of thermal insulation. URD issues a construction
permit only when the application suffices requirements of these
regulations.

(#)  Municipality Police Directorate (MPD)

MPD's tasks include ‘inspection of combustion method and
maintenance of heating boiler systems, and inspection of newly

constructed buildings in accordance with the building regulations,

3.1.4 Non-Governmental Organizations

Among non-governmental organizations dealing with environmental problems in
Turkey, the most prominent one is the Environmental Problems Foundation of
Turkey (EPFT). Their range of activity covers various fields in the subject of
.environmental protection such as problem finding, search of selution, proposal in
legislation, and public education. EPFT played an important role in fthe
amendment of the Constitution in 1982 to include an article of environmental
protection, or in the enactment of the Environment Law of 1983 by proposing a
draft of the law. As to the air pollution problem of Ankara, EPFT has been
maintaining the need of the study of comprehensive abatement plan, and has been
proposing the increase of supply of electricity and city-gas as a part of the plan
and has begun the study of costs of these measures in October 1985 by organizing

a project team consisting of the experts in the various fields.

There are also other non-governmental organizations dealing especially with
developi.ng public 'awaferiess. and participation in the environmental subjects.
Among them, Turkish Association for Natural Protection (TTKD in Turkish
abbreviation) is the most important one 'being the oldest non-governmental
Tur”kish ass{)ciatibn estéblished for environmental purposes, TTKD is participating

very actively to the activities of international environmental organizations.
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3.2 PRESENT SOURCE CONTROL MEASURES

3.2.1 Measures Proclaimed by the Provincial Government of Ankara

The measures to be taken against the air pollution of Ankara in winter are
proclaimed each year by the Provincial Government of Ankara at the beginning of

the season. Those measures proclaimed on December 7, 1984 in the Official

Gazette No. 18598 for the winter of 1984/1985 are described below.

(1)

i)

i)

iii)

iv)

Regular Measures

The measures to be taken regularly during the winter season within

the Municipality area of Ankara are specified as follo_w's.

The liquid fuel boiler systemé in the existing buildings shall not be
converied to the solid fuel systems. The solid fuel shall not be used

in the heating systems in new buildings.

Transport and sale of the solid and liquid fuels to be used in stoves
and boilers in Ankara shall be done by'the Turkish Coal Board {TK1),
the Turkish Petroleum Refinery Association {TUPRAS), and General
Directorate of Petroleum Office. Any other organization or person

shall not be engaged in these activities.

In Ankara, (a) coke shall be used in stoves where possible and, if in
short supply, may be substituted by laved lignite or imported coal; {b)
laved lignite or imported coal shall be used in the solid fuel boilers;
and (c) high quality fuel shall be used in the liquid fuel boilers. -

Ignition time for boilers and stoves in the morning shall be 7:00 - 7:30
in the districts of Maltepe, Sihhiye, Yenisehir, Kizilay, Bakanlklar -
and Kocatepe, and 6:00 - 6:30 in the other districts, and that in ‘the
afternoon shall be 14:00 - 15:00 in ail the districts. During the other
time period, boiler burning may continue depen.ding on the ~air

temperature by the methods that do not emitt smokes.
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v

vi).

vii)

viil)

ix)
(2)

"

Stoves and boilers may be burned when the outside air temperature 1s
below 120C. After the room temperature reached 180C, boilers and

stoves shall be burned at a minimum level.

On holidays, 'Sté_\f_es‘ and boilers in the official buildings except
hospitals, boarding schools, student dormitories, oid people's homes,
bus terminals, and police stations shall not be used. After 20:00
o'clock on the last da'y of religious holidays (3 to 4 days usLlaily) and
on Sundays, stoves and boilers shall be used at a minimum level so as
not to emitt smokes. Boilers for which a complete' extinguishment is

techically a problem shall be used at a minimum power rate.

‘All motor vehicles emitting black smokes shall not be used.

Die_sel-iueled official motor vehicles, public buses, and trucks
transporting coals and sands used in the City shall use the low-sulfur
diesel oil'(rﬁotorin) so that the emission of SO can be reduced.
Control works for this purpose are ‘mandated to the district

transportation authorities and Ankara Metropolitan Police

. Directorate.

Solid wastes shall not be burned in the gardens or on the streets.

Warning Levels and Emergency Measures

Warning Levels

The warning levels at which emergency measures are to be taken are
specified in terms of the concentration values of SO and PM as

shown in Table 3.2.1.
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i1)

(3)

i)

Table 3.2.1 Warning Levels of Pollutants for Emergency Measures

Warning Level SOg(ug/mé‘) PM(ug/m3)
Ist level 700 400
2nd level 1,000 - 600
ird level ' 1,500 : 860
i level 2,000 : 1,000

Note: Figures listed above indicate the 24-hour concentration
values. When prevailing relative humidity exceeds 90%,
the values shown above are to be cut by [0%.

Weather forecast of SMW and monitoﬁng results of PHI in SO and
PM are reported to the Health Department of the Provincial
Government every day. Wheh the conéentration of SO, is observed
to be increasing to reach a specified level, the Provincial
Government, after consultation with GDE, is to tdke emergency

measures.

Emergency Measures

The emergency measures to be taken at each warning level are
specified as shown in Table 3.2.2. During the winter period of

1984/1985, however, the emergency was not proclaimed.

Maintenance of Combustion Facilities

Measures to be taken by boiler operators, building managers, and

their employers are specified as follows.

Works to be Done by Boiler Operators

a. Combustion shall be made by suitable method for the type of
boiler, and boiler diaries shall be kept. Boiler rooms shall be
kept clean, and all the necessary tools shall be properly

maintained so that they can be used any time.

b, Flues shall be cleaned twice a week for lignlte"boilers andonce a

week for oil boilers.
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Table 3.2.2 Emergency Measures at the Warning Levels

in
w[?;‘:lg . Emergency Measures
ln'addition to the regular measures,
i} Soot'and smoke emissions from the non-sanitary installations
lst belonging to the 2nd and 3rd classes shall be reduced by 50%.
level

i) Stoves and central heaters (boilers) shall not be used for more
than ‘4 hours each in the morning and afternoon in total of 8
hours per day.

In addition to the measures to be taken at the Ist level,
S i} Soot and simoke emissions from the lst class non-sanitary
2nd stallations shail be cut by 50%.
level _ .

ii}  Stoves and central heaters (boilers) shall not be used for more

' than 3 hours each in the morning and afternoon in total of 6
hours per day
In addition to the measures to be taken at the 2nd level,

i) Passenger cars having even plate number can be used only on the

' even days, and those with odd number can be used only on the
odd
3rd days.
level

ii} Elementary schools and junior high schools shall be closed.

iili)  All the non-sanitary stallations shall not be operated.

iv) ‘Stoves and boilers shall be used for 3 hours per day continuously.
In addition to the measures to be taken at the 3rd level,

i) All the schools and public and priva’_ce_offices shall be closed.

ii)  All the motor vehicles except the vehicles' of Government,
military, firestation, and diplomatic corps, the vehicles
transportmg necessities, ambulances, and taxis shall not be used.

ii) Ail the work activities except productlon of necessities and
those directly related to the public health shall be stopped.

4th
level iv) All the stoves and b01lers shall not be used. Hospitals and
- buildings related to the public health may use electric heaters
with necessary precautions.

v) Hospitals shall secure the necessary number of bheds, medicines
and materna!s for the treatment of patients.

- vi) . All the ambulances within the metropohtan mun;mpahty area

shall be placed under the control of the Department of Health of
the Provincial Govermment of Ankara.
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ii)

(4)

i)

ii)

c. Any failure found in the boiler system shall be immediately

informed to the manager to be repaired promptly.
d. Windows of the boiler room shall be kept open,

Responsibilities of Managers of Official Buildings and Apartment

Buildings and Their Employers

a. Works of boiler operator in the boiler room shall be supervised

and inspected once a week,

b. Necessary measures shall be taken against the failures of the

boiler system.

c. Fine paid due to the fault of boiler operator or manager shall not

be added to the managemeht cost of apartment,

d. Cleaning of building stack made twice per year shall be
confirmed and documented. The document shall be submitted to

TKI at the time of delivery of fuel.

Measures to be Taken by Governmental Bodies
Announcement of Warning Level and Emergency Measures

The Department of Health of Ankara Province shall, based on the
information transferred from SMW and PHL opinion of GDE and the
decision of BPA, take necessary steps for the excecution of the
emergency measures corresponding to the level of Warni_ng. Measures
to be executed shall be announced through the television, radio and
newspapers. Programs shall be prepared in television and radio for

the public education on the execution of the emérgency'measures.

Control Service

Control services shall be carried out by the environmental health
specialists in the Department of Health of the Province in

cooperation with the assigned members of Ankara Municipality Police
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Directorate. The Provincial and Municipal Police Directorates shall

provide autornobiles,materials, manpowers and technical assistance

- Wh'e_n necessary. The Anakara Metropolitan Municipality area is

divided into ten districts for the effective conduct of the control
service. Ten environmental specialists and ten policemen are
assigned with ten autormobiles for the control service. The service
shall be continued on Saturdays and Sundays by five teams. Boiiefs
and stoves that are used not in accordance with the regulations shali

be extinguished, and necessary legal measures shall be taken against

the violation of laws.

3,2.2 Building Construction Control

n

(2)

Controls in Location and Size of Building

In order to keep the quantity of air potlutant emission under control,

the Metropolitan Municipality adopted a policy that does not permit
the construction of new buildings within the central part of the city
with the area of about 6,000 ha. In the case of ihe reconstruction of
apartment, the maximum number of floors permitted for the
construction is specified to be five. The Municipality authority
expects that applying this policy the emission of air pollutant due to

domestic heating will not increase significantly in the future,

Thermal Insulation Requirerent

In order to save the consumption of heating fuels and thereby
reducing.the'emissién of air pollutant, the Turkish Government
promalgated the regulations of the thermal insulation for new
buildings in 1981 and for existing buildings in 1984, In these
regulations, the whole country is divided into four regions according
to the climatic characteristics, and four sets of specifications for

thermal insulation are to be applied separately to these reglons. -

" In Anakara, the municipal authority is undertaking'the task of

guidance and enforcement of these regulations. For the new
buildings, the enforcement of the regulations have been generally

worked out, and the gradual appearance of its effect is expected in
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the future. In the case of the existing buildings, however, the
enforcement of the regulation has been facing difficulties mainly
because of economic constraints, and the authority is groping the

means for its promotion.

3.2.3 Factory Control

In Turkey, factories {(non-sanitary installations) are categorized into first, second,
and third classes by type and size in order of degree of impact that may be
excerted on the environment. In Ankara, new installation of the first class
factories, whose impact potentials are highest among the three classes, is not to
be permitied within the municipality boundary. Industrial zones preséntly under
development or planned to be developed in the fuiure are situaied largely in the
western part (called as the Western Corridor) of the city where the topographic
and geographic conditions are considered to be favorable to prevent the alv
pollution. Some of medium and smaller industries have relocated their factories

from the central part of the City to the zones in the western corridor..
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3,3 AIR QUALITY MONITORING SYSTEM

1,3,1  Monitoring Organization

The following is the organization of the department in the Public Health Institute
that is in charge of monitoring air quality in Ankara City.

Environmental Health and Research, School of Public Health

(1)  Air Pollution and Education Research Laboratory

L—a) Semi-automatic Sampler Section
Pharmacist (1)
Laboratory technician (1)
Chemical technician {1)
_—_b): Telemeter Sy_.s_tem Section
Chemical analyst (1)
‘Pharmacist (1)
Chemical technician (1)

| c)  Obse rvatory Car Section

‘Chemical analyst (1)
Chemical technician (1)

—-d)  Japanese-made Automatic Instrument Section

Chemical technician (2)

e) Automatic Instrument Section

Chemical analyst (1)
Chemical technician (1)
Assistant {1)

~——-(2)  Water Quality and Microbe Laboratory

Analyst (1)

(to be continued)

~80-



{continued)

{3) Environmental Labor Health Laboratory (3)

-—- (i) Detergent Control Laboratory (5)

(5}  Drinking and Mineral Water Analysis

Laboratory (4)

——(6) Noise Lahoratory (1)

L——(7) Industrial Waste and Water Pollution Laboratory (3)

Note: Figures within the parentheses indicate numbers of personnel.

The school is composed of seven laboratories under a director and Air Poll_ﬁtion
and Educational Research Laboratory is in charge of Measurement of air pollution
in Ankara City. This laboratory consists of 13 members, (2 pharmacists, 3
analysts, 7 technicians, and | assistant) The orgahization itself is divided into
several specialized sections, but the whole laboratory is in charge of measurément

of air quality,

The measurement of air quality is divided into two parts; (i) retrieval of sample
air from 16 monitoring stations, and (ii) analysis of the retrieved sample air and

prescription of chemical reagents.

Organizationally, staff members are also divided into two groups.  Retrieval of
sampie air is5 conducted by 7 technicians, and analysis and‘prescriptiﬁn of

chemical reagent is conducted by 4 chemical analysis and a pharmacist.

As a routine work, two groups consisting of two technicians retrieve the samples
in the morning, and then SO and dust analyses are conducted by a team of two

members --- one is a pharmacist, and the other, a chemical analyst.

The sample air retrieval is made every day except on Saturdays and Sundays -
during the winter time when the air is highly poliuted. In other seasons, it is made
every 2-3 days. The result of analysis is conveyed to the GDE by telephone.
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3,4,2 Monitoring Stations

Fifteen monitoring ‘stations are distributed in Ankara City, and in addition to
these, one station is situated in the suburban area of Golbasi as their background

station.

Names of these monitoring stations are shown below. (At the underlined sites -

Japanese-made instruments are installed in parallel with the Turkish ones.)

1
2

EMEK
BAHCELIEVLER

TANDOGAN

YENIMAHALLE '

SITELER
ULUS
Y.BEYAZIT

CEBECI .

9
10
i1
12
13

14

15
16

'ABIDINPASA

KIZILAY
KUCUKESAT

KAVAKLIDERE

ASAGI AYRANCI

CANKAYA
SIHHIYE

GOLBASI

Location of these stations is shown in Figure 3.3.1.
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3.3.3 Methods of Sampling and Analysis

(D

Sampling Instrument (Semi-automatic Sampler)

At the Public Health Institute, semi-automatic samplers in

_COnform_ity' with the British Standards (manufactured by UDK,

Britain) are installed for the sampling of SO; and dust in the air for
eight days with unmanned operation.

As illustrated in Figure 3.3.2, this equipment consists of inlet tube,
filter, impinger, sample selector, dry gas meter, suction pump, and

storage battery.

A Imet fumel G Tepinder ((3as washivg bottele)

"B Qursid wall H  8Chacne! sample selector
¢ Inlat ube [ Dryoas meter
D Manlfold J  Suction puap

E I nside tube K Storage battery

£ fFilter case L power source

Figure 3,3.2 -Semi-automatic Sampler
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The sample air flows into the inlet tube which is placed about |
meter from the building wall and goes out through the sample

selector, dry gas meter, and suction pump.

The following materials are used for these parts.

Inlet Tube
Flexible PYC

Internal Piping

Manifold | Alminum
Pipe attached to Manifold :
' Rigid PYC
Filter Holder
Impinger _ Glass
Paper Filter _ Whatman No. | manufactured by

Whatman Company

This instrument needs electricity to operate the suction pump and the
timer, and is equipped with a lead storage battery for use at the time

of power breakdown.

Dust is sampled on the surface of the filter fixed to the filter hblder,
and SO5 is reacted with absorbent liguid .in the inpinger. These

samples are brought to the laboratory for analysis.

As illustrated in Figure 3.3.2, 8 sets of filter holders and impingers

are attached to the instrument.

The sampling circuits are switched on and off from one te another
every 24 hours by the sample selector which is mounted with a timer,

enabling unattended 8 day consecutive operation.

The sampling condition is that amount of 307 absorbent liquid is

75 m] and that the flow volume of sample air is about 2m3/day.
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@)

i)

Analysis and Prescription of Reagents

Dust Analysis

Whatman-made No. 1 filter paper (7.6 x 10.2 cm) is used. Dust is
sampled in circular shape on the filter paper with a diameter of 5.08

-G,

Smoke Stan-made Reflectometer diffusion system Model 4 is
employed as an analyser.

The prindiple of this analyser is as follows:

129/cm?
890

DUST
a0

20

60T

Col iéeteﬁ Dust

L L L ]

ug/m? =

0]

Reduction Rate of L ight

20 . 40

The sampled dust is irradiated with
light and the decreased amount of light
in reflection is calculated in
comparison with the amount oi the
reflected light irradiated against the
unused paper. In reference to the
calibration curve (Ringerman Index
Chart) the weight of dust per one unit
area is obtained. And from the whole
surface area of the sampled dust and
volume of sampled air, the weight of

the dust per one m3 is calculated.

Calculation

'total surface
. area of dust
A
Hglem? x 0.92 x Tx 2.5 X 2.5
Flow rate (m?>)

Figure 3.3.3 Ringerman Index Chart
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i)

iii)

S5O7 Analysis

SO, in the ambient air is absorbed by the absorbent selution (0.3%
hydrogen peroxide: pH 4.5) as a result of reaction with hydrogen
peroxide (H707) when SOz passes through it.

$O9 + Ho02 ——-H 250y

The analysis is conducted by neutralization titration m_ethod. Mixed
indicator (Bromcresol Green Methyl Red (B.D.H. Indicator)) is

dropped on the retrieved absorbent liquid, and titrated with the 0.01
normal sojution of sodium carbonate {Na2CO3) using an automatic
burette. The titration is continued until the color of the indicafor

becomes somber gray (pl—i 4.5).

H2804 + NaCO3 MH2C03 + NaSO:;

In case the pH value has exceeded the designated value of &.5

reversal titration is conducted using 0.01 normal hydrochloric acid,

The reason for iiiing the designated value of pH at 4.5 is to avoid the

‘influence of carbon dioxide. The amount of the titrant required for

the neutralization analysis is not measured by ml, but by counting the

number of drops that come down from the burette.

Prescription of Reagents

Absorbent liquid used for measuring SO is 0.3% solution of hydrogen
peroxide. It is made from deionized water, and 30% solution of
H507, and is adjusted to have the pH value of 4.5 by use of 0.0}

normal sutfuric acid.

High quality reagents manufactured by Merk {(West Germany) and the

indicators manufactured by B.DLH. (Britain} are used.
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3.3.4 Maintenance of Measuring Apparatus

(1) Measured Values of SO

~ In parallel with the Turkish measuring instruments at 7 monitoring

stations, the Japanese-made instruments were installed and 3503

‘concentration was measured,

Table 3.3.1 shows the mean values of 50, at the 7 monitoring
stations measured by the both. instruments during the period of §2-86
days as from the middie of December §98t t’hrough the middle of
March 1985.

Table 3.3.1 Monitoring Results of SO2 by Turkish and Japanese Sides

sadon | S | VS | Sl b

B Appim) {(ppm)
1. Cebeci 0.0726 0.1466 0.255 36
2. Bahcelievler 0.0779 (.3569 0.058 &6
3. Tandogan 0.0833 0.138! 0.406 86
4. Yenimahalle 0.0720 | 0.1773 -0.102 85
5. Cankaya 0.069! 0.1525 0.255 &5
6. Kavaklidere 0.1131 0.3392 0.500 86
7. Sihhiye 0.0811 | 0.1823 0.270 82

Whole ' 0,364 596

Note 1) To adjust with the measuring time-belt of the Turkish
' side, one-hour values of Japanese side from 11:00 a.m. to
11:00 a.m. were used to obtain one-day mean values,

2) Correlation coefficient is 1.00 if the values of both side
are the same.

3) The following formula was used in the calculation of
correlation coefficient (R),

n - —
T(Xi-X) - (Yi-Y)
i=1
R =

— —
[{z (Xi-X) 2 H{ § (Yi-’?‘)z}] 1/2
1=1 i=l ,
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As shown above, the values measured by the Turkish side are, one the

whole, considerably Jower than those by the Japanese side.

The correlation coefficient is notably low and its value differs largely
from site to site. The Japanese side used automatic analysers based
on solution conductimetry, while the Turkish side used semi-~
automatic analysers based on neutrlization titeation.  But these
extremely low correlation vaiue's-can not be attributed tota'liy to the
difference of analytical methods or instruments. In search for the

causes of such differences, the following items were in\iestigated.

i) adsorption of SO on the material of the sampler parts
i1}  problems in the maintenance of the sampler

ii)  problem in the analytical method

(2)  Adsorption of SO7 on the Sampler Parts

Table 3.3.2 shows the materjals of the parts of the air sampler

employed by the Japanese and the Turkish sides.

Table 3.3.2 Difference of Materials used for the Samplef‘

Components : Japanese Side Turkish Side
Inlet Tube Teflon Flexible Polyvynil

: Chloride {PVC)
Internal Piping Teflon and Glass same as above
Filter Holder Rigid PVC Rigid PVC
Filter Tetlon Cellulose
Mapifold e - Alminum, and Rigid

PYC

Figure 3.3.4 shows the rate of adsorption of SO on materials used in

filters and filter holders.

The figure indicates the changes in the measured values after passing
SO7 (0.15 ppm) through the filters and holders of various materials,
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Figure 3.3.4 Rate of Adsorption of SO on Filters and Holders by Material

Figufe 3.3.5 shows the result of the SO7 adsorption test conducted on
materials used in the inlet tube.

%
1Oy Teflon Tube ( 8ox %) 3a
e s 10 15 h

Teflon Tube ( 3¢x 9¢) W0 &

30-1
GrassTube (Gox &) s
704
%L s 10 15 20 h
100 - _

Tube ( aY(T¢x 3e) 5n
Vinyl Tube { B 7ex1¢) Sa
Vinyl Tube ( ¢){ 7ox1e} 3n

vinyl Tube ( ¢)( TéxNe) 10w

Figure 3.3.5 SO Absorbency Rate of Inlet Tubes by Materials

-99-



(3)

(4)

The Teflon tube reached the 95% response in an instant while 2-7
hours were required for the polyvynil chloride tube to reach this

point.

As shown in these examples, it is important in the measurement of

SO7 to select carefully the materials of the parts.

Problems in the Maintenance

Air leakage was found in the measuring instruments of the Turkish
side. Leakage in the closed system can be easily found. If bubbling

continues when the inlet tube is closed, there is leakage.

At some monitoring sites, though the inlet tube was broken and air
intake was irmnpossible, bubbling was tak‘ihg place. Filter holder_s that
were not in use were not tightly fixed. Connectors at the outlet and
inlet of the impingers were not connected. In cther cases, PYC pipes
were loosely attached to the manifolds. Bubbling was taking place

even though the inlet tube was choked with cotton-like dust.

As illustrated .in Figure 3.3.2, eight sampling circuits and an inlet
tube are connected together by way of the manifold. If air intake is
impended on the inlet side and there are some factors that would
cause leakage in the seven other unused circuits, thé air inside the

room can easily flow into the instrument circuits.

Even aiter checking and fixing these parts of the system, the leakage

‘was not stopped. There is a possibility that leakage was taking place

in the sample circuit selector which selects one among 8 circuits,

To solve these problems, it is desired that regular replacement of
parts and washing be made and that observation system under which -
measurement and analysis can be constantly made in the best

condition be established.

Problems in the Analytical Method of .502

In case of titration analysis, the result is usually obtained by reading
the graduations on the burette. As mentioned before, at the Public
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(5

Health Institute, the volume of a liquid drop that comes down from
the_ tip of the burette_: i5 measured beforehand, and titration analysis
Is conducted by counting the number of liquid drops.

‘This method is likely to cause calculation errors or individual

differences depending on the range of SO7 concentration.

The reason for using such method may be that the graduations on the
burette are not accurate enough: For example, it was observed that

the: volume according to the graduation from f0ml to [Iml and that

from 20 ml to 2{ ml were different. -

It is suggested-that more accurate semi-micro burette be introduced
and titration analysis be conducted by reading graduations, which wiil

lead to improvement in accuracy.

Considerations in Maintenance

The measured values of air pollutant concentration are fthe
fundamental ‘data in planning air pollution control measures, and

therefore, maintenance of the monitoring instruments is of great

importance as it is related to the protection of the health of the

citizens in Ankara.

However, as pointed out above, there seemed to be much work to be

done for the improvement,

In addition to the improvements mentioned above it'is suggested to
make more effort in such works as the preparation oi check-point

manuals and regular cross-check of measuring instruments by use of

the standard SO7 gas (it is economical to use the permeation tube

‘method) in order to achieve more reliable measurement.
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CHAPTER 4 STUDY OF SOCIO-ECONOMIC CONDITIONS

" TREND OF SOCIO-ECONOMIC INDICATORS

Pogu}ation

n

(2}

G)

Total Population

Ankara City had a total population of about .88 million in 1980, This
was_around $5% of Ankara Province's 2.85 million, and about 4,2% of
the Turkey's total of .74 million. The population increased since
1935 by about 1.75 million at the average annual growth rate of 6.3%
for the past 45 yéas (1935-1980); whereas the average annual increase
in Ankara Province was 3.8% and in Turkey 2.3%, The popu!atioﬁ of
Ankara City in 1980 was about 15.% times that in 1935. However, the
rate of the population growth decreased after 1975 through 1980. A
similar trend is seen in Ankara Province and the whole Turkey (refer
to Figure 4.1.1 and Table #.1.1)

Population by Age Groups

~ The population ratio of Ankara City by three age gfoups is shown in
Figu're 4.1.2. The percentage of the working age group (15 -64 years)

" is 60%, the juvenile age group (0 - 14 years) 36%, and the old age

group {65 and above) 4%. In ancther view, the ratios of Ankara City's

dependent age groups of 0 - 14 and 65 and above are lower than those

 of the whole country, and the ratio of the City's working age group is

4% hlgher than that of Furkey Furthermore, for the period 1975 -
1980, the ratio of working age group increased slightly, while that of

the juvenile group decreased.

Pbpula'ti_on and Population Density by District

Ankara City consisted of four (#) districts in 1980, namely; Merkez
ilce, Altindag, Cankaya, and Yenimahalle. The central business
district (CBD) and its environs were divided into 33 zones based on
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Table 4.1.1 Trend of Population

Leml- ' Ankara City Ankara Province Turkey ]
Yegr Population ?%§ _ S?%SQ Population ?%? S?gge Population ?%§
1935 122,270 -1 0.76 | 534,025 ~ 3.3 16,158,018 -
1240 157,242 52 | 0.88 602,965 |2.5 3.4117,820,950 | 2.0
1945 226,712 | 7.6 | 1.21| 695,526 |2.9 | 3.7 18,790,174 | 1.1
1950 288,536 4.9 1.38 819,693 }3.3 3.9 120,947,188 é.2
1955 451,241  19.4 1.88 | 1,120,864 |6.5 4.7 124,064,763 | 2.8
1960 650,067 7.6 2,34 11,321,380 |3.3 4.8= 2.7,754. 82{)- 2.9
1965 905,660 6.9 | 2.89 11,644,302 [4.5 5.2 131,391,421 | 2.5
1970 1,236.152 6.4 3.47 2;041.658 4.4 5.7 135,605,176 | 2.8
1975 1,701,004 6.6 | 4,2212,585,293 [4.8 6.4 | 40,347,719 | 2.5
]98Q 1,877,755 2.0 4,2012,854,689 2.0 6.4 144,736,957 | 2.1

Source: Census )

Note: AGR - Annual Growth Rate

fhe analysis and planning zones determined by the Ankara Master

Plan Bureau. These are shown in Figure 4.1.3.

The population of Merkez ilce in 1980 was approximately 77

* thousand; Altindag, 609 thousand; Cankaya, 922 thousand; and

Yenimahalle, 270 thousand. These and population density are shown
in Table %.1.2. Markedly, Cankaya's population is 50% that of the

total city population,

In the tén-year period of 1970-1980, the population of Merkez ilce

decreased' by the annual rate of 4.0%, while the population in the

other three districts increased. Significantly, Yenimahalle's

 population grew at an annual average rate of 7.3% and even doubled

for the [0-year period.

The comparative figures for population and number of households in
the 33 zones are shown in Table 4.1.3, and Figures 4.1.4 and 4.1.5.
The total population of the 33 zones is 1.80 million in 1980, while the

total number of households is 0.48 million. From these, the average
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Figure #.1.3 Administrative Boundaries in Ankara City

Table 4.1.2 Population of Four Districts in Ankara City

City Popuiation

1970 1975 1 180
Area
{sq.lm. ){Population| AGR {Population| AR | Population AR
114,419 9,9%4] 3.7 77,168 4,1
Merkez ilce : : ,
9.3 5,6 4.3
369
335,00 si2,32| 8.9 | eme9| 3.5
Mtindag :

270 J0.2..2l 01 j(Less.o) 3.4 [(1,8%8.7)

653,290 %5,0051 6.5 | 921,882 0.6
Cankaya 1,672

28 | (0| 56 | (8.3 1 | 659

133,37 98,6430 8.3 | 206 6.3
Yenimahalle [ 1,354 - _ —
168 | @5 17 | @en s | ooe.al
1,236, 152 1,701,04] 6.6 | 1,877,755| 2.0

Total 3,305

00,0 | @D 1000 | oo 0.0 | 53.2)
Source: Census 1970, 1975, 1980 o

Note: Figures in parentheses show the population density.
MR - Annuat Growth Rate
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number of members per household is found to be 3.8 and population
density to be 103 persons per hectare.

The high population density. zones are evenly distributed from the
_CBD to the western and southern parts of the City. In addition,
population in the outskirts of the City increased rapidly for the ten
years from 1970 to 1980.

In zones I, &4, and 5, population increaéed by more than 2.5 times
from 1970 to 1980. In Ulus (Zones 32), the City's oldest center, the
population decreased markedly from 36,429 to a third, 13,551 for the
- same period. ’

The annual average rates of population growth by the zones for the

same period are shown in Figure #.1.6.
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Table 4.1.3  The Population and Household of 33 Zones
in Ankara City (1970, 1980)

1900 %0
Noma (ha.} Pop, € | Sharm Pop, ] Shared - %2 | Houschold| *3 -

i,
Tharisigia | 903,257 SH0M A &S wLeR | US| &2 375 L A LG8
m:':‘ fLlik #5500 35,196 | 4n16 [ 2.8 9,762 93.29 4.4 851 199 |40
b — Ml
3} Soratorsure | 8550 25,283 [ 471} 20 5,650 WAE 31 (82 1340 4.13
4
-
5
6
7
.
8

Koo | B7.ID| 02,2 | 6L51| 45 | MR | 90.93] 63 jos | 20% {409

Aitose 0| za13 | 505 | 20 | ese | 1ens6| 3.7 hos | 1660 |38

ilaskay $56.50| I35 §s633) 2.6 [ &8N [ RO RT (R0 [ AR AR
S —

SiLtier ’ )
Ulubey 643,75 5,55 1 66,351 301 6806 [ 195,861 3.2 |50 1340 [43

Zireat fak ’ . . Ce
Adisteerler | 575,50 43,957 176.38) 3.7 | 63967 [ WML 26 (38| 19683 |3

9 { Aldonpra o - :
Vartik i | R140| 25,920 | s905] 22 | mer | 8681 L4 (00} 69 |3

QY. Mhalle : : .
Domtoeler | 57800 43,951 § 76.00] A7 | 52985 | 9L&9] 2.9 LI 1614 |33

[IREN R B . :
Gazi Mar 1,060.25 [ 15,518 | .83) L3 B.an 1.0 1.0 |18 577 {33

12 { Altindag Nnast 41,083 Mosad] 3,7 | saess §entat] 25| o se0 |28

13| Autas .
Aovzeriik | 206,400 0,257 Iz 5.0 | 6025 | 250 34| 0 15%0 [AR

14 | Somirpazard ’ .
Fski Ank 2,501 37,300 21821 Al 2055 22| L6 |23 9,80 |00

15 ] Gebect 6,661 55,010 e, (A1 4.6 ) BLEND | 295.07) A7 P4} 23,75 [ LI
16 | Gukeron :

Cilnrn 03,10 74,636 (125,84 6.2 | #4996 | 107 53 [2.4 | 21,857 ] 4.3
_1? Karagas 47145 - - - - - - - [
1B | Kayos L2003 40188 | R35] L2 | 8LM6 | &.R| 45 [A3 | BT 44
19 [Hmak 6,750 46895 o045 10 | o663 | a0l a2 [re | 22 ez

20} Meline Toved
torturkas | 1,330.25] L0171 $3.23} -5.9 90,473 6781} 50 (25| 2L | 390

21} Yro Soye i

ranbogisr ta.esf 4niR |2s.a0f 35| 51153 41445) 30 fAa ] 16,73 8
2K, tase L :

Yarakildere| 172,351 44,265 12%6.83 3.7 6,168 | 2.8 3 a4 12,30 | 4.5
23} Ayromca .82} 5,538 126,56 3 @12 | 23.40] 33 6.3 N (48
24| Conkcaya .

Yildiz S E0.00p R | B8] 27 ) ¥R | BLI0| 3B 07 278 |58
25| pieon '

Orecler 3.75] 44,866 | 45.00 3.7 ] 56,168 shigl 31 {24 10,53 |53
26| Doviat 71,42 - - - - - - - - -
27| faigart ) )

Ghuraban 2500 A2l A% Ly bogan el 1412451 6446 140
23| Bafoedither : .

e B4 55060 0.0t 46 62,918 | 2W5) 3.5 113 56 | 248
25| Haltape

Fotttepe 2015 31197 (W0.eT 3 2, | Imasy 2.4 L3 nem 3
31 Sogutozu 533,35 2809 211 0.2 1 - 9,355 1.4 0.5 pa.g 1619 1578
311 Yenisehir 162.45) R0 198,21 27| RX0 | w2t 1.8 0F 10,1497 | 307

2] s 162,67 %49 |29 0] LI | BN} 08 (2.4 460 |28
B kylbur Alesd ] : :
Gitarki 21.85] 1wy ]enas| 1.3 6957 | 6.43) 0.9 I1.3] 560 |2w

Total 17,529, 36 [1, 206,608 63.83{!0&.031.79?.?55 102.% | 100.00{ 4.1 | 475,37 | 3.7

Souree: Peplation survey of Aibara City tn 1680 (based on 319 electien dfstrfcts)
Motes 41 - Population Doesity {persons/ha.}

#2 ~ Aoual gnawth rate (1970-1990) (X}
3~ feerege household merbers (personsfiousehold}
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#.§.2 Household and Type of Dwelling

The total number of households in Ankara Province in 1980 was 574 thousand.
Although the household growth rate had slowed down from 1975 to 1980, the

number of households continued 10 increase at the rate of 4.2% per year. Of the |

total, 50% consisted of households with 3 - 5 members. The ratio of households

with 6 or more members tended to decrease, while the reverse was observed in

households with # members and below. The latter usually live in apartments, and

the foremer in independent houses. (See Table 4.1.4.)

Table 4.1.4 Size of Household and Type of Dwelling
' (1970, 1975, 1980)

Typ2 of Duelling
Size of | Tatal Hossohald] Total toetold | Total fousebotd | Tetal’ Seuatier Vlenk, barrack
Household] 1970 1975 AR1190 AR]  Pop. touse partment]  house Cave, etc.
1| 958 wws | . | 805 13,937 | 10,155 | 3,6% 198
[_ﬂ‘. 1 - T 109|009 8] Bws| @8 (6.5 | (3.2 (0.7)
2 |36 51,957 6,76 24,779 1 29,740 | 10,168 89
e - [ ssjoma] 3] a5 wse| (A3)| @) | (sh | oD
3 47,89 69,338 | 86,550 | 408 | 4,087 [ 13,98 5
r 21 - f“m.s 12 0] a5l senl e GLo) | (61 ©.1y -
4 |en42r - 95,35 118,003 : 3,33 | 57,721 § 22,80 43
[1777] - [19.7 7.2 |(0.0)[ 6] 44| a2.02| (L6} (189 | (19.9) (0.09) .
5 165706 a4 | |wose w32 | 3397 | 25,74 a9
1727 - | 0| 51|00 T7F] 35| ss| @Ly) @L2) | (@56 (0.05)
- =
6 - |5h.97 6359 | | eos 2,51 | 18,552 | 19,852 »
(B8] - ﬁm 411100, 18] 14| 48,08 (4.5 @3] (2.2 (0,06}
T - #0220 | jsse , 0,751 8,59 | 1,5 2
|’ 9.2 1 - [ 83] 2.9 (1c0.0)] 7.1 0.3] 8583 (50.9)| (20.9) | (28.2) {0.06)
8 2,261 24,260 24,240 4,251 3,88 | €140 B
58] - | [ 50 7 [(0.)[TAZ] 0.0f o) (B.8)] (158 | (253) (0.1)
9 12,98 13,72 | 1B683 057 | 1,778 | 2,260 19
_ r_:s.?r < EE 200 RT) 26) WS | (@8] (10 ) @09 ©.9)
TS W S R e 2,78 | 2,010 | 3,75 3
o Z7] - P[] {000 TE] 1ol wmi (BE)] (715 | (36) (©.1)
Total  |381,4% 184,05 574,123 28,683 [213,923 (120,983 524
_ 0] - | (o0 | 4.9 |(000[00D] 3570 | (1-8)] (37.3) | @1 .1

Soire: Census 1970, 1975, 1920
Note: AR - Anewal Grosth Rate
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4,1.3 Number of Establishiments

{1

Employment by Industrial Sectors

The total number of persons émpibyed_ in Ankara City and Province
are shown in Table #.1.5. It is difficult to detect a significant trend
due to the insufficient data: the 1970 data is available for Ankara
City, while only the 1980 data are available for Ankara Province and

the whole Turkey.

In 1970, employment by industrial sectors in Ankara City was
composed of 5% prirmary, 20% secondary, and 75% tertiary. The last

category, specifically government services, 'registered the highest

‘percentage of employment and has notably given Ankara City a great

potential for urbanization. The ratio of the total employment to the
total population in Ankara City was 32%. The ratio of employment in
the primary industry in Ankara Province was 28% in 1980, while that
in the whole Turkey was 60%; ‘These figures show urﬁanization of

Ankara Province is more prominent as compared to the whole Turkey.

Table 4.1.5 Industrial Sectors in Anakara City, Ankara Provihce, and Turkey

1970 1980
Ankara City Ankara Province. Turkey

Igggigry Number % Ngmber % Number % _ Remaf!i
Agriculture 17,900 | 4.51 |275,992 | 28.04 | 11,236,687| 60.67 | Primary
Manufacture {53,597 | 13.52 | 126,162 | 12,82 1,9?5596 10.67 | socondary
Construction {27,487 | 6.93| 62,513| 6.35 798,177 .31
Communications| 26,068 | 6.57 | 48,824 | u4.66| 531,278] 2.87 |
Trade 33,364 | 8.41| 88,284 8.97| 1,084,378 - 5.85 | Tertiary
Service 238,112 60.05 | 385,432 | 39.16 | 2,896,206| 15.63 _

Total 396,508 [100.00 { 984,207 | 100.00 | 18,522,322} 100.00

Source: 1970, 1980 Census
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(2)

Number of Establishments

The total number of establishments, the total floor area, and the
total number of persons employed in Ankara City are shown in Table
4.1.6. Concentrated in the CBD of Ulus and Yenisehir is 46% of total
number of establishments and 40% of total employed persons, The

central business district is characterized as being twin-core

structures with Ulus and Yenisehir. Ulus, located near the Citadel, is
considered an extension of the older center of the City, while
Yenisehir has been tagged as the "planned" new center of the Capital.
Consequently., the sizes of establishments in the latier are larger (319
m_z-per estébiishment, 15.0 persons per establishment) than in the
former (178 square meters per establishrnent; 6.9 persons per
establishment).

Table 4.1.6 Number of Establishments, Floor Area,

and Employees in Ankara City in 1970

Total Floor Total Number of {Muwber of Floor Area/ Employees/
Area (sq.m.) Establishments Employees | Establishments | Establishments
: Area _ Share [ Share [ Share {sq.m.} {persons)
Ulus 971,445 | 55.8 5,465 3.9 | 30,13 [ 20.7 178 6.94
Yeniseh1f 770,578 | 44.2 S 2,419 14.0 36,298 | 19.7 319 15,00
CBD Total - }1,742,023 }100.0 7,884 45.% 1 14,211 L¢0.4 221 3.4
Ankara Total - - | 17,140 | 100.0 [183.555 00,0 - 0.7

Sourcet Ankara 1970-1990, Urban Development Strategy.
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4.1.4  land Use

(1)

Land Use in Ankara City (refer to Figure 4.1.7)

Comprising of a total of 3,395 km2, Ankara City's area s
approximately 11.19% of Ankara Province's total area of 30,715 km2.,
Aveas of its four (4) districts of Merkez ilce (center of the City),
Altindag (to the north), Cankaya (to the south), and Yenimahalle (to

the west), are shown below.

The main road network is radial in patiern, extending from the City
center to the north, west, south, and east, while a railroad runs from
east to west, Land use, therefore, has been developéd mainly along

the railroad and main roads.

The distribution of existing major land use in categofies is briefly

explained below:

a)  Residential - extending toward the north, east, and south from

the existing downtown area,

b) Urban services - located in the eastern section of the downtown

area and the western part of the city.

c) Central Business Area - concentrated in the CBD and composed

of the twin-core structures with Ulus and Yenisehir,

d)  Industrial and warehousing ~ found in the western part of the

city.

e)  Farm and open spaces - also found in the City's western part.

District

Aninday
RESIOEMTIAL

Area %

Merkez ilce

(Province center) 369 sq.kmd

Altindag

Cankaya

Yankmnahalle
INOUSTRIAL /

1,672 49

Yenimahalle 1,354 40

Ankara City 3,395 1G0

REBDENTIAL
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(2)

Existing Land Use by District

Characteristic fetures of land use in the four districts of the City are

presented below.

Merkez ilce (Province center) _ :
This is actually the center of institutional and commercial activitles

of Ankara City and Province. lis recreation zone is located between

its commercial/institutional and residential zones.

Altindag

Located in the northern part of the city, the land‘i_s used mainly for

residences with parks adjoined. A large cemeter-y _'is also present,

Cankaya _ .

Mainly residential located. in the southern section of the City_.:
However, commercia;linstitutionai'areas are also present along the
trunk road running through the residential area, This district is well
afforested, and the presidlentilé'l palace and various embassy offices
are present, In the southernmost section are the big educational

institutions,

Yenimahalle _

Located in the City's western section the land Has.been_ developed
mainly for industry and agriculture extending from fh_e éast to west
along the two main roads, Itsresidential area is located in the north,
while many educational institutions are situated in the south. Open
spaces also abound and this district has a great potential for future

developm.ent.
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4.1.5 Population Forecast in Ankara City

N

Total Future Population

The population forecast for the City, given below, is based on the

analysis of existing conditions and on some development plans of the

City. The forecast was made for the year 1995, the target year of
this Project.

The dense population of Ankara City is the result of its high annual
growth rate of 6.8% for the past 30 years (the growth rate of the
whole Turkey is only 2.3% per year). This trend, however, slowed
down' for the 5 year-period of 1975 to 1980, with the City's annual
population growth rate being only 2.0% while that of Turkey
remained at 2.]%. This is mainly the result of decreasing population

" in the central areas of the City. The policy of banning construction

of new 'buildings within the area of 6,000 hectare in the central part

of the City greatly contributed to the 'phenomenon.

On the other hand, population in the western Yenimahalle district and
the outskirts increased. Given the aforementioned trends, the
following three methods were adopted to forecast population in

Ankara City.

1) Regression Analysis (Linear function)

2}  Regression Analysis (Logistic curve)

3)  Analysis of percentage share of Ankara City in the total of
Turkey

“The results are shown in Table %.1.7 and Figure 4.1.8.

Based on these results, the pollulation of Ankara City in 1995 is

estimated to be 2.5 million.
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Table #.1.7 Population Forecast of Ankara City in 1995

Foracast
Value
Case Forecast Method - 3 (1995 Pop. )}
1 Formula: P = Axt + B 2,29 million
where , P ¢ Population
t : Year
A : 40,852.24
B : -79,206,598.27
R : 0.956 (Coefficient of
correlation)
2 Formula: . K 2,60
P =
-at
1T+mxe
where, K : 3,040,000
3 The population share of Ankara City to | 2.46

that of Turkey has remained constant at
4.0Z2 since 1975 and this trend is expec-
ted to remain in the future.

Based on Turkey's 5th 5~year Development.
Pian, and assuming a constant rate of
growth for Turkey of 2.1%, the population
of Turkey has been established at 60.54
million.

From the above assumption and figures,
the population and Ankara City in 1990
may be calculated as follows:

61,54 mil. x 0.04 = 2,46 -million

Turkey's Pop. Ankara's share

it is forecasted that the population of Ankara City in 1995 will
be 2.5 million that is the average of 3 cases as described above.
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(2)

Future Population by Districts

The population forecast for the four districts of the City was made

under the following assumptions.

i)

ii)

i)

de

iv)

The total population of Ankara City in 1995 will be 2.50 million.

The population in the central areas shown in Figure 45.1.9 will

remain constant.

The housing development are underway in Batikent and in the
southern outskirts of Cankaya. The other projects are planned in

the western section of Yenimahalle.

Batikent and southern Cankaya housing project

| . Area © No. of s
Name of Project (ha.) Housing Units Population
Southern Cankaya | 800 _ 435,000 180,000
Batikent 1,400 55,000 220,000
Western Yenimahalle housing project
. Area - No.of - .
Name of Project (ha.) Housing Units POpulathn:
Enayaman Y.A. 1,200 43,000 - 193,300
E. Timesgut Y.A. 950 45,000 - 50,000 | 220,000
Gaygolu 350 12,000 52,000

It is expected that the ongoing Batikent and southern Cankaya
housing project will be finished before 1995, while the

~ Yenimahalle project has not been given any definite

construction schedule yet,

The population in Altindag will increase naturally.

Based on the assumptions given above, the populations forecasted for

the City's four districts are shown in Table 4,1.8.° Their break down

into the 33 planning zones is shown in Table 4.1.9.
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Table 4.1.8 Population Forecast by District

Existing Population Forecast
Value
Name of District 1970 1975 1980 Forecast Method (1995 Pop.)
Province Center | 114,419 94,94 77,168 | Constant value in 1980 75,000
-l 75,(m .
Yenimahalle 133,349 198,643 270,016 | Increase population by - 570,000 |
the development of Bati~
kent. and Western housing
pmject- — ﬂ]gan
Cankaya 653,200| 895,005 [ 921,882 | Increased in population | 1,122,000
by the development of
hatsing project in -
southern outskirts.
. - E{D'(m - .
Altindag 335,006 512,392 | 608,689 | Marginal population 733,000
—> 733,000 = 2,500,000
- (75v(m + 570\;(1!) +
- {1.122,000)
Total 1,23, 152 {1, 701,004 {1,877, 759 | 2,500,000

Population Breakdown of 33 zones in 1995

Altindag
Cankaya
Total

Population by district
Province Center
Yenimahalle

LA |

-

%%E%a
88888

City population outside of 33 zones
8,000 + 300,000 = 330,000

Population of 4 districts in 33
zones.
Province Center = 75,000
Yenimahalle = 190,000
Altindag = 733,000
Cankaya = 1,122,000
Total = 2,120,000
It is assumed that the population
< within 6,000 hectares of (BD will
not increase (refer to Figure4.1.9)

Refer to Table 4.1.9
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‘Table #.1.9  The Population and Household of 33 Zones in Ankara City
(i_970, 1980, 1995)
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