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PREFACE
This 8th Atmospheric Sciences Symposium; ATMOS2017 built upon the series that began at
Istanbul Technical University, Department of Meteorological Engineering in 1981. Subsequent
meetings have been held in 1991; 2003; 2008; 2011; 2013 and 2015 in Istanbul, Turkey.
And it is not just enough to produce scientific data for people but it is also necessary to process
the data and share the results of those data as a source for students and a starting point for all
researchers, users and policy makers, it is a treasure for mankind.
We are very greatful and thankful to all the valuable researchers, session chairs and all
participants who have contributed to ATMOS2017 from all around the world, whose valuable
contributions made this event possible.
This e-Proceedings present a collection of 112 papers presented at the Symposium. The main
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Agricultural and Forest Meteorology
Air Pollution and Modeling
Air Quality and Modeling
Air-Sea Interactions
Atmospheric Boundary Layer
Atmospheric Dynamics
Atmospheric Environment
Atmospheric Physics
Atmospheric Radiation
Aviation Meteorology
Biometeorology, Medical Meteorology
Causes of Climate Change
Chaos and Non-Linear Dynamics
Climate Change Impacts
Climate Change and Modeling
Climatology
Data Analysis
Extreme Weather Events (flood, storm,
avalanche, drought …)

Hydrology and Hydrometeorology
Maritime Meteorology
Meteorological Disasters
Micrometeorology, Mesometeorology
Numerical Waether Prediction
Physics of Cloud and Precipitation
Remote Sensing in Atmospheric Sciences
Renewable Energy Sources
Solar and Wind Energy
Stratospheric Ozone
Solar and Climate System Interaction
Transportation Meteorology
Upper Atmosphere, Ionosphere
Magnetospheric Physics
Urbanisation Meteorology
Water Resources and Management
Weather Analysis, Prediction and
Modeling
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Abstract
A new 4-meter class of optical and near infrared astronomical observatory is under construction
in the Erzurum province of Turkey. The Eastern Anatolia Observatory (DAG) is expected to
become operational at the end of 2020. For this kind of astronomical observatory, atmospheric
conditions such as percentage of yearly cloud coverage, amount of atmospheric precipitable
water vapor (PWV), wind speed and direction, etc., are vital factors in determining the
astronomical quality of the site. We present the first results of atmospheric PWV variations in
Erzurum through the 2016 – 2017 seasons estimated by GNSS (Global Navigation Satellite
System) communication. PWV measurements showed that the site of the observatory, at an
elevation of 3170 meters above sea level, has a rather dry atmosphere and is a favorable place
for near infrared observations. Comparison of these preliminary PWV estimations with a few
other major observatories in the world shows the relative advantages of the site. Furthermore,
we expect that the results of atmospheric PWV gathered from such an high location will be
helpful for meteorological studies.
Keywords: Atmospheric precipitable water vapor, astronomical observatory, GNSS
INTRODUCTION
Studying signal delay in communication of Global Positioning Systems (GPS) is a useful tool
to estimate the amount of precipitable water vapor (PWV) in the troposphere. Although the
total delay occurs in both ionospheric and neutral layers (troposphere, the stratosphere, and
partly mesosphere), ionospheric delay, due to its dispersive nature, can be easily removed by
means of processing dual frequency broadcast of GPS satellites. Total signal delay in the neutral
and nondispersive atmospheric layers is composed of two components, hydrostatic delay (HD)
and wet delay (WD) (Saastamoinen, 1972). Meanwhile, the hydrostatic delay is caused by the
dry gases in the atmosphere, i.e., N2, O2, Ar, CO2, CO, CH4, etc., the wet delay is just caused
by highly varying water vapor (H2O) in the atmosphere. The hydrostatic delay is responsible
for about 90% of the total tropospheric delay and entirely dependent on the atmospheric weather
conditions in the troposphere. On the other hand, wet delay (WD) component of radio signals
emitted by GPS satellites that takes places in the troposphere layer contains some information
about the PWV content of the atmosphere. Since the hydrostatic delay has a nature of smooth
and slowly time-varying behavior due to its strong dependence on surface pressure, it can be
modeled and made accurate range determinations to obtain precise positions by using surface
meteorological conditions such as temperature and pressure. However, the wet delay strongly
depends on water vapor content in the troposphere and is highly variable in nature with spatial
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position and time. Therefore, it cannot be modeled precisely by surface measurements but is
able to be estimated by combining geodetic-quality data from GPS communication and accurate
barometric measurements (Bevis et al., 1992, 1994; Rocken et al. 1995). By measuring the total
delay, and estimating the hydrostatic delay from theoretical models using surface measurements
and then, subtracting it from total signal delay, the remaining wet delay and the total amount of
precipitable water vapor (PWV) in the troposphere, can be recovered. This technique is widely
used for PWV estimations by, e.g., Moon et al. (1999), Fujita et al. (2008), García-Lorenzo et
al. (2009), Okamura and Kimura (2013), Castro-Almazán et al. (2016). Furthermore, an online
network of PWV estimations based on GPS data in North America are maintained by the
University Corporation for Atmospheric Research (UCAR), at SuomiNet
(http://www.suominet.ucar.edu).
In this study, on the basis of measuring signal delays in GNSS communication, we present
PWV content and its variation in time over Erzurum province. We unveil that the site is rather
convenient for near-infrared (NIR) observations when PWV content is compared to other major
observatories in the World. Furthermore, we expect that the results of PWV measurements will
assist for short term weather forecasting studies.
DATA AND METHODS
The neutral atmosphere, mainly consisted of the troposphere, tropopause and the stratosphere,
has a delay effect on GPS signals. This delay including both HD and WD components is mainly
caused by the troposphere. Askne and Nordius (1987) first reported the relation between zenith
wet delay (ZWD) and precipitable water vapor (PWV), which makes it possible to use GPS
communications to estimate the amount of tropospheric PWV. Later, Bevis et al. (1994)
introduced a relation between PWV and ZWD:
PWV =  ∙ ZWD

(1)

where PWV and ZWD are given in units of length, and  is the dimensionless proportionality
constant that is given by Bevis et al. (1994):
=

106
𝑘
𝜌𝑅𝑣 [ 3 +𝑘2′ ]

(2)

𝑇𝑚

where ρ is the density of liquid water, Rv is the specific gas constant of water vapor, Tm is the
weighted mean temperature of the atmosphere. 𝑘2′ and 𝑘3 are the atmospheric refractivity
constants given by Bevis et al. (1994). It is shown that the PWV content in the atmosphere
strongly correlates with mean temperature, 𝑇𝑚 , which is expressed in terms of pressure and
temperature by integrating through the altitude as given by Lan et al. (2016).
There are some models for wet delay estimations developed by, e.g., Saastamoinen (1973),
Hopfield (1969). After obtaining wet delay component in GNSS communication recorded by
the GPS station, we apply a mapping function to perform a conversion between slant wet delay
and zenit wet delay (ZWD). Such mapping functions are reported by various authors, Hopfield
(1969), Black (1978), Neill (1996). There is another component in the atmosphere, the
ionosphere, that also contributes signal delay in GPS broadcasting. However, the ionosphere
has a dispersive nature, i.e., the delay depends on the frequency of the signal. Therefore, this
delay can be reduced in a millimeter scale or less accuracy by processing signals emitted at two
separate frequencies by the satellites.
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The data analyzed in this study are collected from Erzurum province by means of a GNSS
receiver in 2016 and 2017 years. The model of the station that we used is a STONEX S8-plus
equipped with a choke ring antenna to avoid multipath effects. The receiver was positioned in
two distinct places in the area, Atatürk University Campus with an altitude of 1860 m in
between 8 March - 5 October 2016 and, Karakaya Hills with an altitude of 3170 m after 6
October 2016, to gather the data. The data were analyzed by means of GAMIT ver. 9.9 software,
a comprehensive GPS analysis package developed at MIT. The software enables to estimate
three-dimensional relative positions of ground stations and satellite orbits. During analysis,
coordinates of two more IGS stations, Istanbul (ISTA), Kars (KRS1), Nicosia (NICO), Ankara
(ANKR), Gebze (TUBI), Zelenchukskaya (ZECK), Sofia (SOFI), Graz (GRAZ) and Erivan
(ARUC), were used to better estimate the position of our station. Furthermore, ground
meteorological data were taken from convenient ground stations situated near involved places.
In addition to GNSS data, ravinsonde observations carried out in Erzurum province two times
in a day, at noon and midnight, were gathered from the radio-sounding database of the
University of Wyoming to compare our PWV results.
APPLICATION AND RESULTS
The GPS receiver, STONEX S8-plus model, was first assembled in an easily accessible place
to perform test observations inside the Atatürk University's Campus, next to ATA50
observatory. In this location, data acquisition was maintained from 8 March 2016 to 5 October
2016, the date on which the system was transported to the summit. The first location (LOC1)
has the geographic coordinates of 390 54' 16".57 N, 410 14' 40".89 E, and an elevation of h=1858
m from sea level. After 5 October 2016, the station was positioned on the summit of Karakaya
Hills (LOC2) with an altitude of 3170 m where the observatory is being constructed.
Preliminary results of recorded data were previously presented by Atalay et al. (2016). These
data, sampled about 30 minutes of time interval, cover between 1 July and 1 October 2016.
PWV values in this interval produced by the GAMIT release 10.61 software are graphically
presented in Figure 1. Furthermore, corresponding radiosonde measurements taken in the same
interval are also included in the graph to compare PWV results obtained by two different
methods. It is shown that PWV values fluctuate between 30 mm and 5 mm and well correlate
with ravinsonde data.

Figure 1. Precipitable water vapour (PWV) estimations in between 1 July and 1 October 2016 obtained
from GPS measurements (open circles) (Atalay et al., 2016) and radiosonde integrations (plus signs)
are plotted against Julian Day1.

1

The Julian Day (JD) is a continuous count of days from 1 January 4713 BC (= -4712 January 1), Greenwich
mean noon (= 12h UT)
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Figure 2. GPS originated PWV values (plus signs) registered in the site of Eastern Anatolia
Observatory (LOC2), where the largest astronomical telescope of Turkey will be operated. PWV
values from radiosonde measurements (filled circles), shown for comparison, were integrated from the
altitude of LOC2 (h= 3170 m) by following expressions given by Boccolari et al2.

After October 5th, the GPS receiver was moved to the summit of Karakaya Hills and fixed on
an observing tower of 7 m tall. The second location (LOC2) with its 3170 m altitude is one of
the highest sites on which no GPS receiver is standing around the World. GPS data recorded
in LOC2 were also similarly processed by GAMIT software. PWV estimations of the first 19
days in the summit are presented in graphical form in Figure 2 together with measurements of
radio-sounding flights launched from Erzurum city center.
CONCLUSIONS AND RECOMMENDATIONS
For astronomical observatories, atmospheric properties such as the yearly percentage of cloud
coverage, altitude from sea level, atmospheric seeing, amount of aerosols, tropospheric PWV
content, are decisive criteria to choose a site. The Eastern Anatolia Observatory (shortly DAG),
which has been fully supported by the Ministry of Development of Turkey, is just rising above
its foundations. The observatory will serve in optical and near infrared (NIR) spectral regions
by its 4 m class, Turkey's largest telescope. Due to being main absorber component of the
atmosphere in NIR regions and fast changing nature, we study the amount of atmospheric PWV
content and its seasonal variation over Erzurum province on the basis of GPS communication
technique.
Average value of PWV values deduced from GPS data during 2016 summer season covering 1
July - 1 October interval is 17.2±4.6 mm (Atalay et al. 2016). Meanwhile, for the same interval,
PWV results based on radiosonde records produces an average value of 14.2±4.9 mm. It is seen
that, towards the beginning of autumn, tropospheric PWV content starts to decrease as the result
of decreasing average temperature (Tm) (see Figure 1). This decreasing trend continues in a
similar way after carrying the receiver to the summit (LOC2) (see Figure 2). PWV results from
GPS obtained at LOC2 in October 2016 produce an average value of 4.2±2.3 mm whereas
1

The Julian Day (JD) is a continuous count of days from 1 January 4713 BC (= -4712 January 1), Greenwich
mean noon (= 12h UT)
2
http://www.map.meteoswiss.ch/map-doc/NL15/boccolari_II.pdf
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radiosonde PWV's records integrated from the altitude of the city (h= 1860 m) generate 8.1±2.9
mm for the same time interval. We suppose that this difference comes from higher elevation of
LOC2. The results are summarized in Table 1.
Table 1. Comparison of tropospheric PWV measurements obtained from two different techniques in
Erzurum province.

Date interval
Location
and
coordinate
<PWV> (mm)
Max.
value
(mm)
Min.
value
(mm)

01.07 - 01.10.2016
GPS receiver*
Radiosonde
LOC1
measurement**
39054'16".57N, 39054'21".00N,
41014'40".89E,
41015'18".32E,
h= 1858 m
h= 1870 m
17.2±4.6
14.2±4.9

06.10 - 31.10.2016
Radiosonde
GPS receiver*
measurement**
LOC2
39054'21".00N,
39046'48".9N,
41015'18".32E,
41013'37".21E
h= 1870 m
h= 3170 m
8.1±2.9
4.2±2.3

30.6

24.5

10.6

13.3

3.9

4.3

0.0

3.0

* STONEX S8-plus model equipped with a choke ring antenna (IGS code: HX-CG77601A)
** PWV integration were started to integrate from the altitude of Erzurum city, i.e., h= 1860 m.

Chacon et al. (2011) reports PWV measurements depending on radiosonde observations
performed in four distinct campains at the La Silla, APEX (Atacama Pathfinder Experiment)
and Paranal observatory sites in Chile. In another study, Pozo et al. (2011) presents PWV
measurements of ALMA observatory, which is the highest ground based observatory located
in the Chajnantor plateau at 5104 m above sea level. They used a radiometer located in the
APEX site to obtain PWV estimations during April – December 2007 interval. In both study,
the PWV measurements were compared with theoretical PWV estimations performed by means
of the WRF (Weather Research and Forecasting) atmospheric model. They report that WRF
results overestimates PWV values than those of observations. Our PWV measurements
performed in Erzurum based on GPS and radisonde techniques are given in Table.2 for
comparison.
Table 2. A comparison of mean PWV values for the DAG observatory site (h= 3170 m) with those of
other observatories in the world. Corresponding time intervals of averaged PWVs are given in 3rd
column. Notice that all PWV calculations based on radiosonde flights were integrated from the
altitude of the DAG observatory site, i.e., ~3170 m.
<PWV>
Reference
Observatory Site
Time interval of measurements
(mm)
La Silla (2400 m)
8.8
5 – 15 May 2009
Chacon et al. (2011)
DAG – Radiosonde
4.4
5 – 15 May 2009
This work
DAG – GPS
4.8
30 Apr – 30 May 2017
This work
APEX (5100 m)
2.0
7 – 16 July 2009
Chacon et al. (2011)
DAG – Radiosonde
6.3
7 – 16 July 2009
This work
APEX (5100 m)
1.3
5 Apr. – 31 Dec. 2007
Pozo et al. (2011)
DAG – Radiosonde
5.3
5 Apr. – 31 Dec. 2016
This work
Paranal (2635 m)
4.2
9 – 19 Nov. 2009
Chacon et al. (2011)
DAG – Radiosonde
4.3
9 – 19 Nov. 2009
This work
DAG – GPS
4.7
9 – 19 Nov. 2016
This work
Paranal (2635 m)
3.3
29 July – 10 Aug. 2009
Chacon et al. (2011)
DAG – Radiosonde
7.2
29 July – 10 Aug. 2009
This work
DAG – GPS
2.8
25 Oct. 2016 – 01 Jan. 2017
This work
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It should be also noticed that the time resolution of radiosonde observations is 12 hours a day
meanwhile GPS based PWV observations have 30 minutes or 2 hours of sampling intervals.
Additionally, we expect that PWV values obtained from an elevation of 3170 m may lead to
help to predict short term weather forecasts for meteorological sciences.
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