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RAY TRACING MODEL 

AND STANDARD 

REFRACTIVITY 
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PARABOLIC PROPAGATION MODEL 
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Isaakidis i Xenos, 2004  

SURFACE DUCT STANDARD REFRACTION 
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AREPS APPLICATION 

Az = 300° 

Az = 310° 

STANDARD REFRACTION 

STANDARD REFRACTION 

ELEVATED DUCT 

ELEVATED DUCT 

Az = 300° 
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EMPIRICAL FORMULAS FOR THE 

REFRACTION INDEX 
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METHODOLOGY 

Station 
Period of 

soundings 

Type of the 

probe 

14430 Zadar 12 hours RS-80 

16044 Udine 6 hours RS-90 

16144 San Pietro 12 hours RS-80 

16320 Brindisi 6 hours RS-90 

RAOB (Raw Aero sonde OBservation)  
http://www.esrl.noaa.gov/raobs/  
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RS-80 RS-90 

PRESSURE 

Sensor type BAROCAP Silicone 

Range 1060 hPa – 3 hPa 1080 hPa – 3 hPa 

Resolution 0.1 hPa 0.1 hPa 

Absolute error 0.5 hPa 
1 hPa (1080 hPa > p > 100 hPa) 

0.6 hPa (100 hPa > p > 3 hPa) 

TEMPERATURE 

Sensor type THERMOCAP Capacitive conductor 

Range +60°C do -90°C +60°C do -90°C 

Resolution 0.1°C 0.1°C 

Absolute error 
0.2°C (p > 50 hPa) 

0.3°C (50 hPa > p  > 15 hPa) 

0.4°C (p < 15 hPa) 

0.2°C (1080 hPa > p > 100 hPa) 

0.3°C (100 hPa > p > 20 hPa) 

0.5°C (20 hPa > p > 3 hPa) 

Time resolution 2.5 s 
< 0.4 s na 1000 hPa 

< 1 s na 100 hPa 

HUMIDITY 

Sensor type HUMICAP Thin film capacitor 

Range 0 – 100 % 0 – 100 % 

Resolution 1 % 1 % 

Absolute error 3 % 5 % 

Time resolution 1 s 
< 0.5 s na +20°C 

< 20 s na -40°C 
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Peebles; Radar Principles, 1998 

VERTICAL PROFILES OF 

THE REFRACTION INDEX 
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VERTICAL PROFILES OF 

THE REFRACTION INDEX 

M0 

[M] 

A 

[M/m] 

B 

[M/m2] 

C 

[M/m3] 

D 

[M/m4] 

E 

[M/m5] 
r 

14430 Zadar 332.82 0.1132 3.335210-6 -1.557610-10 3.779210-15 -3.544510-20 0.99807 

16044 Udine 332.88 0.1155 2.825410-6 -1.227910-10 2.959010-15 -2.885610-20 0.99931 

16144  San Pietro 329.54 0.1124 3.455710-6 -1.741910-10 4.750810-15 -5.076010-20 0.99927 

16320 Brindisi 330.09 0.1087 4.173810-6 -2.288810-10 6.524210-15 -7.135510-20 0.99919 
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Modified refraction index profile 

M [“M units”] 
Viher, Telišman Prtenjak (2012) 
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ANAPROPs 
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Viher, Telišman Prtenjak, Grisogono (2013) 
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SUPERREFRACTIONS 
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SUBREFRACTIONS 

http://www.powerpointstyles.com/


Powerpoint Templates 

RADIO DUCTS 
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ANNUAL VARIATIONS OF 

ANAPROPs OVER ADRIATIC 
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RADIO DUCTS SUBREFRACTIONS SUPERREFRACTIONS 

Viher, Telišman Prtenjak, Grisogono (2011) 
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Annual variation in 

percentage of the ANAPROPs 

Kos, Botinčan, Markezić, 2009 
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RADIO DUCTS SUBREFRACTIONS SUPERREFRACTIONS 

ANNUAL TROPOSPHERIC DELAY, ZAGREB 

MONTH MONTH 

MONTH 

MONTH 
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WRF MODEL USED AS  

DATA SOURCE  

Telišman Prtenjak M., Horvat I., 

Tomažić I., Kvakić M., Grisogono B., 

Viher M. (2013, 2015) 
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Pleso (Zagreb) 

WMO# 14241 
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Klisa (Osijek) 

WMO# 14284 
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Pula 

WMO# 14307 
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Ćilipi - Dubrovnik 

WMO# 14474 
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CONCLUSIONS 

• INFLUENCE OF “THE LAST 

NANOSECOND” ON PRECISION 

NAVIGATION SYSTEMS 

• REGULAR METEOROLOGICAL 

MEASUREMENTS ARE APPLIABLE 

FOR REFRACTION INDEX 

DETERMINATION 

• ATMOSPHERIC MODELS COULD 

PROVIDE PREDICTION OF THE 

ANAPROPS 
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