
PACKAGE DRAWING REPORT
SHEET

Paterson, HelenPACKAGE CREATED BYCOPIES ARE UNCONTROLLED

The reports and attachments generated with this sheet and listed below constitute the entire Package Drawing Report for: 2444347

21 of

1/19/2015 2:01 PM

These reports and attachments are and should be arranged in the following manner in order to complete the package:

NOTE: Attachment file names in parenthesis are the file names as they are in Agile .

Placement # Report/Attachment Name Description

PACKAGE CONTENTS

Size Dimensions

1 BOM for Drawing REPORT FAILED A 11 X 8.5 (Landscape)

2 {1} 2444347 a.pdf 

(2444347-GMI_RFI_SS15.pdf)
Print

3 EO Report_REPORT ON GMI SPECIAL 

STUDY #15_ RADIO FREQUENCY 

INTERFERENCE_REV A_2444347.pdf

Engineering Order A 11 X 8.5 (Landscape)

7.7.5ART

P.O BOX 1062

BOULDER, CO 80306

DWG 

NO.

REPORT ON GMI SPECIAL STUDY #15: 

RADIO FREQUENCY INTERFERENCE...

REV A

Ball Aerospace

& Technologies Corp.

2444347

THIS SHEET IS FOR REFERENCE ONLY



PACKAGE DRAWING REPORT
SHEET

Paterson, HelenPACKAGE CREATED BYCOPIES ARE UNCONTROLLED

The reports and attachments generated with this sheet and listed below constitute the entire Package Drawing Report for: 2444347

22 of

1/19/2015 2:01 PM

The following files were located in Agile and are associated with the requested drawing , however, they have not been included in the package report.  

Please verify that these files do not belong in the package.  Otherwise use Agile or the print report to manually correct for this .

File Name Description

PACKAGE EXCLUSIONS

Owner

gmi_land_mask.mat DrawingRef - Land Mask File

2444347-GMI_RFI_SS15_RFIDatabase.xlsx DrawingRef - RFI database

2444347-GMI_RFI_SS15.docx DrawingNative

gmi_flag_earth_rfi.m DrawingRef - Matlab Code

earth_rfi_test_file.mat DrawingRef - Test File

gmi_earth_rfi_map.mat DrawingRef - RFI Map

test_gmi_flag_earth_rfi.m DrawingRef - Test Script

7.7.5ART

P.O BOX 1062

BOULDER, CO 80306

DWG 

NO.

REPORT ON GMI SPECIAL STUDY #15: 

RADIO FREQUENCY INTERFERENCE...

REV A

Ball Aerospace

& Technologies Corp.

2444347

THIS SHEET IS FOR REFERENCE ONLY



 
Systems Engineering Report 1600 Commerce Street 

Boulder, Colorado 80301 

 

 Page 1 of 32 
 

Title Document No. Rev 

Report on GMI Special Study #15: Radio Frequency Interference 2444347 A 

Prepared By 

David Draper 
Date 

1/16/2015 
Contract No. 

NNG05HY12C 

CAGE Code 

13993 
 

 

Export or re-export of information contained herein may be subject to restrictions and requirements of U.S. export laws and regulations, 
and may require advance authorization from the U.S. Government 

Revision History, Application, and Approval are controlled by a separate database. 

TPL0000018  Rev B   8/09/2010     Systems Engineering Page 1 of 32 

 
 

1 SCOPE 

This report contains the results of GMI special study #15.  An analysis is conducted to identify sources of radio 

frequency interference (RFI) to the Global Precipitation Measurement (GPM) Microwave Imager (GMI). The 

RFI impacts the 10 GHz and 18 GHz channels at both polarities.   The sources of RFI are identified for the 

following conditions: over the water (including major inland water bodies) in the earth view, and over land in 

the earth view, and in the cold sky view. A best effort is made to identify RFI sources in coastal regions, with 

noted degradation of flagging performance due to the highly variable earth scene over coastal regions.  A 

database is developed of such sources, including latitude, longitude, country and city of earth emitters, and 

position in geosynchronous orbit for space emitters.   

 

A description of the recommended approach for identifying the sources and locations of RFI in the GMI 

channels is given in this paper.  An algorithm to flag RFI contaminated pixels which can be incorporated into 

the GMI Level 1Base/1B algorithms is defined, which includes Matlab code to perform the necessary flagging 

of RFI.   A Matlab version of the code is delivered with this distribution. 

 

This special study report includes the following files: 

2444347-GMI_RFI_SS15.docx:  This document 

2444347-GMI_RFI_SS15_RFIDatabase.docx:  Spreadsheet containing significant land RFI locations 

gmi_flag_earth_rfi.m:  Matlab code to flag RFI over the earth 

gmi_land_mask.mat:  Land mask used by the algorithm 

gmi_earth_rfi_map.mat:  Matlab save file containing the earth RFI maps shown in this paper. 

test_gmi_flag_earth_rfi.m:  Test script to run gmi_flag_earth_rfi.m 

earth_rfi_test_file.mat:  Matlab save file used in test_gmi_flag_earth_rfi.m 

 

In association with this report, the special study also includes the companion document and associated files: 

2434007A-GMIColdRFI.docx:  GMI Cold View RFI Flagging Algorithm 

gmi_flag_cold_rfi.m: Matlab code to flag RFI in the cold view. 

test_rfi_flag.m:  Test script to run the cold sky flagging algorithm 

RFI_data_all: Matlab save file used in test_rfi_flag.m 

RFI_data_subset:  Matlab save file used in test_rfi_flag.m 

  

Printed By: Paterson, Helen 1/19/2015 2:01 PM (ART:7.7.5)

[S
ystem

 E
ngineering R

eport: 2444347  P
rogram

: G
M

I

Sheet 1 of 32

Agile Revision: A  (C446818)

Li
fe

cy
cl

e:
 P

ro
du

ct
io

n 
R

el
ea

se
d 

 R
ev

 R
el

ea
se

 D
at

e:
 1

/1
9/

20
15

 1
2:

34
:0

2 
P

M

jpiepmei
Cross-Out



 
Systems Engineering Report 1600 Commerce Street 

Boulder, Colorado 80301 

 

Document No. 2444347 Rev. A Page 2 of 32 
 

 

Export or re-export of information contained herein may be subject to restrictions and requirements of U.S. export laws and regulations, 
and may require advance authorization from the U.S. Government 

TPL0000018  Rev B   8/09/2010  Systems Engineering Page 2 of 32 

 
 

2 INTRODUCTION 

The Global Precipitation Measurement (GPM) Microwave Imager (GMI) has been operating nearly 

continuously for nearly a year.  The instrument is a conically scanning radiometer consisting of 13 narrow-band 

microwave radiometric channels with frequencies centered at 10.65 GHz, 18.7 GHz, 23.8 GHz, 36.64 GHz, 89 

GHz, 166.0 GHz and 183.31 GHz.  The lower frequency channel bands are maintained within the National 

Telecommunications & Information Administration (NTIA) allocations for “Earth Exploration-Satellite 

(passive).”  The 10.65 GHz channel has a bandwidth of 100 MHz spanning 10.6 to 10.7 GHz.  The 18.7 GHz 

channel has a 200 MHz bandwidth spanning 18.6 to 18.8 GHz.  The NTIA-allocated bands used by GMI share 

utility with a number of other applications; ref. Figure 1.  For example, the 100 MHz band allocated for the 

10.65 GHz channel is also used for fixed ground transmissions, passive space research, and radio astronomy.  It 

neighbors a band allocated for fixed (i.e. geosynchronous) satellite space-to-earth transmissions.  Likewise, the 

200 MHz 18.7 GHz band shares its allocation with fixed satellite space-to-earth transmitters.  The transmitters 

near and around the GMI bands provide radio-frequency interference (RFI) that corrupts the GMI radiometric 

measurements.  This paper describes a methodology for detecting RFI over ocean and land for GMI.  It reports 

the magnitude and location of RFI for land-based transmitters and the position in geosynchronous orbit for 

space-based interferers.   

 

 

Figure 1.  NTIA Spectrum allocations for the 10 and 18 GHz bands 
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3 ANALYSIS METHODOLOGY 

RFI in earth radiometric measurements produces artificially high measurements that are generally inconsistent 

with the natural spectral variability of the earth.  A robust method of detecting RFI over land is the “spectral 

difference” method, where a channel of interest is compared to a neighboring channel of the same polarization.  

Large differences between the two channels indicate man-made transmissions.  Over the ocean, RFI may be 

detected by comparing the ocean measurements to a model fit using a radiative transfer model.  This “model 

difference” method may be approximated by replacing the radiative transfer model with a linear combination of 

other uncorrupted radiometric channels.   The model difference method using other channels as proxy for the 

model has been successfully used on WindSat (see Li et. al, TGRS, 2006). 

 

The spectral difference and model difference method both rely on the assumption that the other radiometric 

channels are sufficiently correlated with the channel of interest such that other channels may be successfully 

used to represent an uncorrupted version of that channel.  This assumption may be used to produce a 

generalized RFI detection method for both land and ocean.  The generalized method expands the idea of the 

model difference method to land scenes.  For ocean and land separately, a set of coefficients is determined for 

the GMI 10.65 through 89 GHz channels such that the magnitude of RFI is represented as the difference 

between the channel of interest and a linear combination of all channels of different frequencies and their 

squares, 

 

 ( )








++−=∆ ∑
≠∈ )}()({

2

0 ][][][][][][][
ifcjfcj

jj jTbibjTbiaiaiTbiTb  (1) 

   

where i represents the channel index to the channel of interest and j is the channel index to all other channels 

with different center frequency.  Eq. (1) may be written in an even simpler form, as a linear combination of all 

channels,  

 

 ( )∑ ′+′+′=∆
j

jjo jTbibjTbiaiaiTb ][][][][][][ 2
 (2) 

 

where j is summed over all channels, ][ia j
′ =1 for the channel of interest, ][ia j

′ =0 for channels with the same center 

frequency of the channels of interest, ][iao
′ = ][iao− , and ][ia j

′ = ][ia j−  for all channels (j) with a different 

center frequency than the channel of interest.  Likewise, ][ib j
′  = 0 for the channel of interest and all channels 

with the same center frequency, and ][ib j
′ = ][ib j−  for all other channels. 

 

A separate set of coefficients is determined for land, ocean, and sea ice.   

 

This methodology works well for most earth conditions.  It, however, can produce false alarms along coast 

lines, near lakes and islands, over certain odd terrains, mis-flagged sea ice, or heavy snow.  It can also be highly 
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dependent upon geometry, and may produce anomalous results if the attitude or altitude of the spacecraft 

changes. 

4 ALGORIGTHM DESCRIPTION 

The RFI identification algorithm starts with identifying the type of surface viewed by the instrument.  The 

classification relies upon a look-up table of percentage water as a function of latitude and longitude.  The look-

up table for the percentage land is derived from data found at 

http://www.shadedrelief.com/natural3/pages/extra.html, reduced in resolution to be more consistent with the 

GMI resolution with additional modification for water features not well represented in the original mask.  A 

figure showing the water percentage look-up table is shown in Figure 2. 

  

Figure 2.  Percentage water for the earth.  This mask is used to identify land versus ocean/lake measurements. 
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A measurement is classified according to one of 6 surfaces if the following criteria are met: 

 

1. Ocean/Lake: Water fraction from Figure 2 is equal to 100% (sea ice and stormy data are later removed) 

2. Land:  Water fraction from Figure 2 is less than 5%. 

3. Coast:  Water fraction is between 5% and 100% 

4. Sea Ice:  Measurement is flagged as Ocean/Lake AND  

   Latitude is greater than 40° or less than -50° AND  

   the 10 GHz H-pol channel Tb is greater than 125K.   

5. Sea Ice Edge:  Sea Ice is dilated by 7 cells in both along and cross-scan.  

6. Stormy Seas: Measurement is flagged as Ocean/Lake AND  

          36Ghz H-pol channel Tb is greater than 200K AND 

                                  Measurement is not flagged as Sea Ice.  The stormy areas are dilated by +/-3 cells. 

 

Any data representing stormy seas, sea ice, sea ice edge are removed from the ocean/lake classification.  After 

identifying the surface type, the generalized RFI index ][iTb∆  is computed as follows: 

 

1. Ocean/Lake:  Equation (2) is applied using the coefficients ][ia j
′  and ][ib j

′  computed for ocean surfaces. 

2. Land:  Equation (2) is applied using the coefficients ][ia j
′  and ][ib j

′  computed for land surfaces. 

3. Coast:  Both ocean and land coefficients are applied, and the algorithm chooses the minimum of the two.  

If the result is less than the coast threshold, then the algorithm sets the index equal to zero. 

4. Sea Ice:  Equation (2) is applied using the coefficients ][ia j
′  and ][ib j

′  computed for sea ice surfaces.  

If the result is less than the sea ice threshold, then the algorithm sets the index equal to zero. 

5. Sea Ice Edge:  The index is set to zero. 

6. Stormy Seas:  The index is set to zero. 

 

The coefficients for each surface type and channel are given in appendix A. 

 

For real-time flagging of RFI, the following ][iTb∆  thresholds are suggested: 

 

Table 1.  Recommended thresholds for flagging RFI in a real-time algorithm 

 10 GHz V 10 GHz H 18 GHz V 18 GHz H 

Ocean/Lake 15K 15K 10K 10K 

Land 20K / 50K* 20K / 50K* 10K / 25K* 10K / 25K* 

Coast 50K 50K 30K 30K 

Sea Ice 50K 50K 30K 30K 

Sea Ice Edge N/A N/A N/A N/A 

Stormy Seas N/A N/A N/A N/A 

*Threshold for latitudes above 59 degrees  and below -59 degrees latitude where heavy snow persistently exists 
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We note that this detection method is subject to false alarms for odd or spatially varying surface characteristics.  

Significant surface snow will cause false alarms in both 10 and 18 GHz channels.  Areas such as salt flats, 

widespread deserts, or mountainous terrain may also cause false alarms.   

5 ANALYSIS RESULTS 

The generalized RF detection method is used to evaluate RFI over first 6 months of GMI operations.  Three 

types of RFI are found:  land-based RFI detected through the GMI main beam, RFI from geosynchronous 

satellites reflecting off the ocean surface detected through the GMI main beam, and RFI from geosynchronous 

satellites interfering with the GMI cold swath.    

5.1 RFI from Ground-based Transmitters 

The ][iTb∆  values are averaged over 6 months of GMI data from March 2015 through September 2015.  The 

maximum daily average values are also computed.  The average RFI index and maximum daily average RFI 

index plots show somewhat different characteristics of the RFI.  The average RFI index tends to reduce 

geophysical variation and shows RFI events that are persistent over time.  The maximum daily average RFI 

index illustrates RFI that is not terribly persistent at the cost of amplifying geophysical variation.   

 

Figure 3 through Figure 16 show the RFI index in and around each continent except Antarctica.  

 

The 10 GHz channels are corrupted by ground-based fixed transmitters centered in various metropolitan areas 

of the world.  The 10 GHz RFI is especially prevalent in the Eastern Hemisphere. In the United Kingdom, Italy, 

Turkey and Egypt, very high levels of widespread 10 GHz RFI are detected.   The 6-month average RFI levels 

for these areas range from 5K up to over 100K.  10 GHz RFI is also widespread in China and Japan.   In the 

western hemisphere, the 10 GHz RFI is lower magnitude and more scattered.  The highest RFI incidents in the 

western hemisphere occur in Mexico around cities such as Mexico City, Monterrey and Guadalajara, as well as 

near Sao Paulo Brazil.    Please note that the “stripes” over the ocean for the 10 GHz channel are due to sun 

glint. 

 

For the 18 GHz channels, RFI is detected from ground-based transmitters in several specific countries.  Areas 

with the most 18 GHz RFI include Belarus, Libya, the Sudan, and Chile.  These RFI events are generally 

smaller in magnitude than the 10 GHz RFI, with 6-month averages in affected areas ranging from 2K to 20K.   

 

Appendix B provides a list of earth source RFI locations and the average RFI index over the first 6 months of 

GMI operation.  The accompanying file gmi_earth_rfi_map.mat contains the data corresponding to the figures 

in this section. 
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Figure 3. World-wide 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average 

v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  Note that the stripes in the 10V and 10H plots over the ocean are due to sun glint. 
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Figure 4. North America 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  

average v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average daily average v-pol RFI 

index.  Bottom right:  maximum daily average h-pol RFI index. RFI is exhibited in many major cities in the US, especially in 

California, the Midwest and New England.  Mexico City and the surrounding areas show very high levels of RFI. 
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Figure 5. Europe 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-

pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  Significant RFI is noted in Great Britain, Italy, Turkey and on the Nile Delta. 
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Figure 6. Asia 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-pol 

RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  Significant RFI is shown in China and Japan.  Large RFI indexes above 45 degrees 

latitude is due to snow in those areas. 
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Figure 7. Africa 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-pol 

RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  Scattered RFI is noted in Nigeria, Ethiopia, South Africa, Zambia, Tunisia, 

Morocco and Middle East.  Ocean vessels are shown to produce RFI in the Gulf of Aden and along the west coast of Africa.   
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Figure 8. South America 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  

average v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom 

right:  maximum daily average h-pol RFI index.  RFI is shown mainly in Brazil and Argentina. 
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Figure 9. Australia 10 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-

pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  RFI is noticed along the eastern side of Australia. 
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Figure 10. World-wide 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  

average v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom 

right:  maximum daily average h-pol RFI index.  The most noticeable RFI occurs around the continental United States and 

Hawaii from surface reflections from geosynchronous satellites. 
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Figure 11. North America 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  

average v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom 

right:  maximum daily average h-pol RFI index. Very strong RFI is noted around the continental United States from direct 

broadcasting satellite signals reflecting off of the oceans, Great Lakes, and other surfaces (see Section 5.3). 
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Figure 12. Europe 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-

pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  The most concentrated 18 GHz RFI occurs in Belarus, although other areas in 

Europe show scattered RFI as well. 
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Figure 13. Asia 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-pol 

RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  The H-pol channel is subject to higher geophysical variation, which increases the 

RFI index areas such as Russia and India.   
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Figure 14. Africa 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average v-

pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index.  Libya exhibits the most 18 GHz RFI.  The H-pol channel is subject to higher 

geophysical variation over the Sahara desert, which increases the RFI index.   
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Figure 15. South America 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  

average v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom 

right:  maximum daily average h-pol RFI index. Santiago Chile exhibits the highest RFI levels. 
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Figure 16.  Australia 18 GHz RFI index over 6 months of data from March 2014 through September 2014.  Top left:  average 

v-pol RFI index.  Top right:  average h-pol RFI index.  Bottom left:  maximum daily average v-pol RFI index.  Bottom right:  

maximum daily average h-pol RFI index. 
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5.2 RFI from Direct Broadcast Satellites Reflecting off the Surface 

The 18 GHz channels are affected by Earth/ocean surface reflections from geosynchronous satellites near the 

Great Lakes and ocean surrounding the continental US and Hawaii.  The reflections are most noticeable over 

water, but are also noticed over land as well, likely reflecting off lakes (see Figure 17).  The reflected RFI can 

be traced back to direct broadcast and internet satellites which utilize the GMI 18 GHz band for one-way earth-

to-land transmission.  In order to identify the particular satellites, the 18 GHz RFI index is projected to the 

location on the geosynchronous sphere where the satellites would need to be located in order that the 

transmitted signal would reflect off the Earth/ocean surface and enter into the main beam of the GMI antenna.  

 

Figure 17.  Maximum daily average 18V RFI index over North America and Hawaii from March to September 2014. 
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Figure 18 shows the 18 GHz V-pol RFI index mapped to geosynchronous orbit through reflection off the earth 

surface.  The most noticeable feature is the series of interference sources along the equatorial (geostationary) 

plane.  The RFI is traced to satellites along the equatorial plane between -80 and -120 degrees longitude.  Using 

public data available on the internet, the satellites corresponding to these source locations are determined and 

listed in Table 2.   

 

 

Figure 18.  18 GHz V-pol RFI index mapped through earth reflection to the distance of geosynchronous orbit.  Top Left:  All 

latitudes and longitudes.  Top Right:  Zoomed in to latitudes -3° to +3° and longitudes -120° to -80°.  Bottom Left:  Average of 

RFI index from -1° to +1° latitude for all longitudes.  Bottom Right:  Average RFI index from -1° to +1° latitude for longitudes 

-120° to -80°.  Also listed in the lower right plot are the satellites with 18 GHz transmitters at the position of the interference 

sources. 
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Table 2.  Satellites assumed to interfere with the GMI 18 Ghz channels through reflection of transmitted signal off the 

earth/ocean surface. 

Satellite Name Operator Orbital 

Position 

Downlink 

Frequency 

Bands (GHz) 

Function Notes 

ViaSat-1 Manx ViaSat 

IOM, ManSat, 

Telesat-IOM 

115.1°W 18.3-19.3 

19.7-20.2 

High Speed 

Internet 

1./2. 

Anik-F2 Telesat Canada 111.1°W 3.7-4.2 

11.7-12.2 

17.8-18.3 

18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

2. 

EchoStar-17 EchoStar Corp 107.1°W 18.3-18.8 

18.8-19.3 

19.7-20.2 

High Speed 

Internet 

2./3. 

AMC-15 SES Americom  105.0°W 11.7-12.2 

18.6-18.8 

19.7-20.2 

Direct 

Broadcasting 

3./4. 

DirecTV-10 DirecTV 102.8°W 18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

4./5. 

DirecTV-11 DirecTV 99.2°W 18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

4./5. 

DirecTV-12 DirecTV 102.8°W 18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

4./5. 

DirecTV-14 DirecTV 99.2°W 18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

4./5. 

Nimiq-2 Telesat Canada 82°W 17.8-18.3 

18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

2. 

Nimiq-4 Telesat Canada 82°W 17.8-18.3 

18.3-18.8 

19.7-20.2 

Direct 

Broadcasting 

2. 

1. See http://www.spaceref.com/news/viewpr.html?pid=35059 

2. See https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf02104.html#Note1 

3. See http://www.n2yo.com/satellite/?s=38551 

4. See http://en.wikipedia.org/wiki/List_of_satellites_in_geosynchronous_orbit 

5. See http://en.wikipedia.org/wiki/DirecTV-10 
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5.3 RFI in the GMI Cold Swath 

RFI events occur quite often in the GMI 10 and 18 GHz cold swaths.  These events are due to direct intrusion of 

direct broadcasting and other internet or communication satellite signals into the GMI cold beams.  They can be 

detected and removed using the RFI filtering technique described in BATC 2434007.  The filtering technique 

provides a method to identify RFI events in the cold view over the first six months of on-orbit operations.  

 

An example of RFI in the 10 GHz cold swath is shown in Figure 19. 

 

 

Figure 19.  Cold swath example of RFI at 10 GHz. 
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Figure 20.  Peak RFI in the GMI cold swath detected by the cold swath RFI detection algorithm for the GMI 10 and 18 GHz 

channels.  Notice the scale difference between the 10 and 18 GHz channel plots. 

 

Figure 20 shows the peak RFI magnitude in the GMI cold swath for the 10 and 18 GHz channels as a function 

of time.  We note that the actual impact of these RFI hits on the unfiltered cold swath is probably about 10% to 

30% of the peak magnitude after averaging over the swath and over multiple scans.  The largest RFI occurs at 

18 GHz when the spacecraft is in the “180 degree yaw” orientation.  All other 18 GHz RFI is within 20K, and 

mostly at “0 degree yaw”.  Almost all the 10 GHz RFI occurs on the vertical polarization channel and at the 0 

degree yaw orientation. 
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In order to understand the sources of the cold swath RFI, the cold sky beam was projected out to the 

geosynchronous orbital sphere for each cold RFI incident as shown in Figure 21.  The expected geosynchronous 

source location and the GPM core satellite location during the cold swath interference are shown in Figure 21.  

The size of the markers indicates the relative magnitude of the RFI.  The large 18 GHz RFI that occurs at yaw 

180 originates from satellites around 100°W transmitting to Hawaii.  Smaller 18 GHz RFI events occur while 

the GMI is over Canada, Eastern Europe and Australia.  Most of the 10 GHz RFI occurs while GMI is over 

Northern Europe.  The suspected geosynchronous satellites causing the cold-swath interference are listed in 

Table 3. 

 

Figure 21.  RFI source locations (cyan and magenta) at geosynchronous distance from the earth and location of the GMI (blue 

and red) for each cold swath RFI.  The size of the markers indicate the relative magnitude of the RFI. 
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Table 3.  Likely satellites for cold-view RFI as shown in Figure 21.   

Satellite Name Operator Orbital 

Position 

Downlink 

Frequency 

Bands (GHz) 

Function Notes 

(See Table 2) (Multiple) 82°W – 

115.1°W 

(Multiple) Direct 

Broadcasting / 

High Speed 

Internet 

Table 1 lists 

possible western 

hemisphere 

interferers 

Thor-6 Telnor Sat 

(Norway 

/Sweden) 

0.8°E 10.716-12.456 Direct 

Broadcasting 

1. 

Astra 2D/E SES S.A. 28.5°E 10.714-12.480 Direct 

Broadcasting 

1. 

Unknown Unknown 43.2°E Unknown Unknown 2. 

Intelsat 7 

Intelsat 20 

(TBR) 

Intelsat 68.5°E 3.7-4.2 

10.95-12.75 

19.7-20.2 

Direct 

Broadcasting 

3. 

1. http://en.kingofsat.net/sat-thor6.php 

2. Unable to find information about satellites at this position.  This satellite appears to illuminate Russia.  

The interference for this satellite began between 6/11/2014 and 7/17/2014. 

3. http://www.flysat.com/is20-info.php.  This satellite does not transmit directly in the GMI 18 GHz band.  

interference possibly caused by a 5
th

-harmonic from one of the C-band channels, or from a different 

satellite not listed on publically available sites. 

 

6 SUMMARY 

This paper presents the results of an RFI study for the GMI.  The RFI detection method is based on the 

assumption that earth-based signals over land and ocean have predictable spectral correlations that can be 

exploited to identify RFI in a channel of interest compared to a linear combination of other channels of different 

center frequencies.  RFI is prevalent only in the 10.65 and 18.7 GHz channels.  No other channels have 

evidenced RFI.  The 10 GHz RFI is mainly ground-based with high levels of RFI in Europe and parts of Asia 

and Africa.  Ground based RFI exists in the 18 GHz channel in specific countries.  The 18 GHz channels detect 

RFI from reflections from direct broadcasting satellites off the Great Lakes and oceans surrounding the 

continental United States and Hawaii.  Both the 10 and 18 GHz channels exhibit RFI in the cold sky swath from 

geosynchronous direct broadcasting and internet satellites.    

7 FUTURE WORK 

This document describes and RFI flagging method for 10 and 18 GHz.  If need be, the method can be expanded 

to other channels.  Also, the 10 GHz channel flag requires quite high thresholds for native resolution files.  

More work could be done to improve the flagging capability of the algorithm for the 10 GHz channels. 
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8 APPENDIX A: Generalized RFI Index Coefficients 

Channel/Surface a'[10V] a'[10H] a'[18V] a'[18H] a'[23V] a'[36V] a'[36H] a'[89V] a'[89H] b'[10V] b'[10H] b'[18V] b'[18H] b'[23V] b'[36V] b'[36H] b'[89V] b'[89H] a'o 

10 GHz V Land 1 0 -5.097 -0.164 7.2372 -3.443 0.8798 1.5534 -1.302 0 0 0.00557 0.00053 -0.0121 0.00749 -0.0021 -0.0034 0.0028 -87.17 

10 GHz V Ocean 1 0 -4.299 0.9851 0.0953 1.9043 -0.606 -0.436 0.0739 0 0 0.0048 -0.0012 0.00075 -0.0017 0.0004 0.00068 -0.0001 131.75 

10 GHz V Sea Ice 1 0 -4.531 -2.279 10.464 -5.22 3.902 2.1779 -3.607 0 0 0.00596 0.0049 -0.0206 0.01165 -0.0086 -0.0046 0.00798 -265.9 

10 GHz H Land 0 1 -5.039 -0.654 7.1952 -4.101 1.7079 2.4863 -2.165 0 0 0.00838 -0.002 -0.0118 0.00739 -0.0021 -0.0054 0.00465 -52.23 

10 GHz H Ocean 0 1 -1.257 -0.288 -0.281 -0.721 -0.071 0.0602 0.1554 0 0 -0.0003 -0.0001 0.0022 0.00384 -0.0007 -0.0002 -0.0004 142.98 

10 GHz H Sea Ice 0 1 3.6806 -2.466 0.158 -0.896 1.7923 0.9677 -1.564 0 0 -0.0108 0.00232 0.00401 0.00078 -0.0026 -0.0019 0.00338 -352.5 

18 GHz V Land 0.2472 -0.332 1 0 -1.927 1.5738 -0.088 -0.781 0.4015 -0.001 0.00067 0 0 0.00224 -0.003 5E-05 0.00155 -0.0007 -14.18 

18 GHz V Ocean 1.0453 -0.118 1 0 0.1811 -0.699 0.0161 1.3054 -0.383 -0.0042 0.0004 0 0 -0.0013 0.00112 -0.0003 -0.0027 0.00108 -243.9 

18 GHz V Sea Ice 0.2373 0.0386 1 0 -2.398 1.1116 -0.517 -1.061 1.2183 -0.0012 8E-05 0 0 0.00326 -0.0019 0.00077 0.00203 -0.0024 53.2 

18 GHz H Land 0.8158 -0.955 0 1 -1.509 2.4864 -1.364 -1.192 0.9413 -0.0012 0.00114 0 0 0.00125 -0.0031 0.00087 0.0019 -0.0013 -31.72 

18 GHz H Ocean 0.2869 0.1553 0 1 0.2403 1.6059 -0.769 1.5384 -0.531 -0.0003 -0.0036 0 0 -0.0021 -0.0023 0.00032 -0.0034 0.00164 -361.8 

18 GHz H Sea Ice 0.1461 -0.3 0 1 -1.237 1.1453 -1.381 -0.993 0.9364 8.9E-05 -0.0003 0 0 0.00069 -0.0003 0.001 0.00155 -0.0015 84.528 
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9 Appendix B: Earth RFI Location Database 

The RFI index for each 10 and 18 GHz channel has been compiled over a 0.2 degree grid, and can be found in 

the data file gmi_earth_rfi_map.mat.  For each grid point where the RFI index map shows an RFI peak above a 

threshold, the nearest city to the RFI peak has been identified.  The locations of the each RFI peak and the 

nearest city are given in the associated spreadsheet 2444347-GMI_RFI_SS15_RFIdatabase.xlsx and shown in 

the tables below. 
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10 GHZ V-pol RFI Locations

Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location

-123 44 5.41 20.28 Eugene, OR 7.4 9 9.02 86.75 Abuja, Nigeria 32.2 39.2 5.53 18.79 (DESERT, Turkey) 44 40 9.8 37.11 Sagliksuyu, Turkey

-122.6 38.4 7.01 57.93 Santa Rosa, CA 7.4 10.4 7.61 20.89 Kaduna, Nigeria 32.2 40.8 10.98 59.64 Gerede, Turkey 44.2 15.4 17.6 57.37 Sana'a, Yemen

-122.6 39.6 4.5 153.66 Central California 7.6 6.4 4.31 31.6 Enugu, Nigeria 32.4 36.6 5.51 28.08 Alanya, Turkey 44.2 32 4.92 16.14 Najaf, Iraq

-121.8 37.8 5.16 22.77 Antioch, CA 7.6 45 18.07 45.87 Turin, Italy 32.4 37.2 12.26 24.34 (DESERT, Turkey) 44.2 33.4 4.6 19.4 Bulakbasi, Turkey

-121.4 43.8 4.87 26.14 Bend, OR 7.8 48.6 4.64 10.04 Strasbourg, France 32.6 38 13.32 72.97 Konya, Turkey 44.6 33.4 5.49 23.41 Baghdad, Iraq

-121 36.6 5.85 40.18 East of Silinas, CA 8 44.6 12.69 38.4 Alba, Italy 32.6 41.2 9.19 41.82 Karabuk, Tyrkey 44.8 39.8 5.05 16.76 Ararat, Armenia

-120.4 46.4 5 22.27 South of Yakima, WA 8.6 12 5.86 20.74 Kano, Nigeria 32.8 36.6 11.1 24.76 Ermenek, Turkey 44.8 41.6 8.66 80.92 Tbilisi, Georgia

-117.6 34 9.27 24.15 Ontario, CA 8.6 44.8 7.04 28.25 Alessandria, Italy 32.8 40 37.23 216.68 Ankara, Turkey 45 37.6 5.2 35.38 Urmia, Iran

-117.2 34.6 7.29 17.5 Victorville, CA 8.8 10 15.43 100.76 Jos, Nigeria 33 39.2 6.22 16.55 Karahamzali, Turkey 46.2 36.6 4.06 256.46 Bukan, Iran

-116.8 32.6 8.64 21.97 (DESERT, East of San Diego, CA) 9.2 40.8 20.84 118.96 Berchidda, Sardegna 33 40.8 4.77 15.28 Cerkes, Turkey 46.2 38 16.58 177.02 Tabriz, Iran

-116.8 35 4.39 37.27 Yermo, CA 9.2 44.8 18.34 52.84 Varzi, Italy 33.2 37.2 19.83 51.33 Karaman, Turkey 46.8 24.6 22.99 69.61 Riyadh, Saudi Arabia

-116.6 34.6 5.25 20.55 (DESERT, East of Victorville, CA) 9.2 45.4 29.53 84.4 Milan, Italy 33.2 38.2 8.2 24.38 Yenice, Turkey 47.6 48.4 4.44 23.98 (DESERT)

-116.2 33.8 5.21 18.25 Palm Springs, CA 9.2 48.8 4.13 32.03 Stuttgart, Germany 33.4 35.2 4.75 40.01 Nicosia, Cyprus 48.8 31.4 5.36 41.37 Ahvas, Iran

-115.6 35.6 5.76 28.88 (DESERT, Mojave National Preserve, CA) 9.6 45.8 30.62 74.43 Bergamo, Italy 33.4 36.4 4.5 22.98 Gulnar, Turkey 49.6 37.2 4.57 44.59 Rasht, Iran

-115.4 32.6 6.6 18.91 Mexicali, Mexico 9.8 4.2 8.47 32.6 Douala, Camaroon 33.4 40 9.31 36.9 Kirikkale, Turkey 50 36.2 5.06 36.15 Qazvin, Iran

-115 36.4 4.14 10.21 (DESERT, North of Las Vegas) 10 36.8 10.09 58.46 Tunis, Tunisia 33.6 40.8 8.77 24.66 Ericek, Turkey 51 35.8 17.8 177.61 Karaj, Iran

-111.8 33.6 4.9 31.22 Phoenix, AZ 10.2 45.6 36.84 108.29 Brescia, Italy 33.8 41.4 13.42 50.22 Kastamonu, Turkey 51.4 35.8 32.1 397.77 Tehran, Iran

-111.4 32.8 4.26 24.44 (DESERT, Between Phoenix and Tucson) 10.4 5.4 5.47 29.36 Bafoussam, Cameroon 34 38.4 12.49 31.59 Aksaray, Turkey 51.6 32.6 8.33 47.65 Esfahan, Iran

-111 32.2 4.03 16.31 Tuscon, AZ 10.4 35.6 5.22 14.57 Sousse, Tunisia 34 40.4 7.36 46.52 Boyaciogly, Turkey 52.6 29.6 8.83 48.29 Shiraz, Iran

-106.4 31.6 4.82 13.86 El Paso, TX 10.6 43.8 41.46 261.27 Lucca, Italy 34 45 10.5 450.11 Simferopol, Ukraine 54.4 31.8 4.49 44.41 Yazd, Iran

-106 28.6 5.62 16.82 Chihuahua, MX 10.8 44.4 20.54 52.91 Serramozzoni, Italy 34.2 37.6 11.61 86.69 Eregli, Turkey 58.4 38 4.58 48.68 Ashgabat, Turkmenistan

-105 39.8 4.38 18.3 Denver, CO 11 45.4 12.98 46.1 Verona, Italy 34.2 39 9.36 31.64 Kirsehir, Turkey 59.6 36.4 7.26 55.39 Mashhad, Iran

-105 40.8 5.27 35.84

Northern Colorado (North of 

Wellington, CO) 11.2 43.8 12.74 97.65 Florence, Italy 34.2 39.8 12.49 43.34 Sekili, Turkey 59.8 43.6 5.76 13.1 (DESERT, Uzbekistan)

-103.4 20.6 14.44 50.12 Guadalajara, MX 11.4 44.6 23.72 226.46 Bologna, Italy 34.4 37 8.58 73.77 Icel, Turkey 61.8 37.6 5.05 23.84 Mary, Turkmenistan

-103.4 25.6 8.22 31.75 Gomez Palacio / Torreon MX 11.6 3.8 24.76 91.04 Yaounde, Camaroon 34.4 41 5.97 25.57 Kargi, Turkey 63.4 39.2 4.35 15.19 Turkmenabat, Turkmenistan

-102.2 22 7.18 34.02 Aguascalientes, MX 11.6 42.8 10.17 36.85 Santa Flora, Italy 34.6 37.8 15.69 41.18 Nigde, Turkey 66.2 41 21.03 37.97 (LAKE)

-102.2 22.4 5.77 23.52 Luis Moya, Mexico 11.6 43.8 11.98 39.8 Consuma, Italy 34.6 38.4 14.03 28.96 Derinkuyu, Turkey 66.8 41 10.27 25.76 (LAKE)

-101.6 21.2 9.6 47.55 Leon, MX 11.6 45.8 28.8 87.83 Vicenza, Italy 34.8 40.4 11.19 34.04 Pinarcay, Turkey 67 39.6 4.48 40.72 Samarkand, Uzbekistan

-101.4 20.6 7.15 46.11 Irapuato, MX 11.8 45.4 34.25 94.48 Padua, Italy 35 31.8 5.32 721.59 Beit Shermesh, Israel 67.4 40.8 17.22 33.35 (LAKE)

-101 22.2 13.09 95.92 San Luis Potosi, MX 12 44.2 13.35 149.14 Forli, Italy 35.2 32.4 6.95 383.71 Araba, Israel 68.8 38.6 5.7 85.66 Dushanbe, Tajikistan

-100.8 20.6 4.29 20.93 Celaya, Mexico 12.2 42.4 5.11 27.48 San Giovanni, Italy 35.2 37.8 8.75 17.84 Bademdere, Turkey 69 24 9.52 25.89 Bhuj, India

-100.4 20.6 8.09 57.16 Santiago de Queretaro, MX 12.2 46.6 7.08 28.01 Cortina d'Ampezzo, Italy 35.4 37 21.89 56.88 Adana, Turkey 69.2 41.4 9.35 51.91 Tashkent, Uzbekistan

-100.2 25.8 20.81 118.59 Monterrey MX 12.4 46 10.74 40.68 Vittorio, Italy 35.4 38.8 10.8 31.96 Kayseri, Turkey 70.6 40 6.39 46.87 Shurab, Tajikistan

-100 20.4 6.62 82.42 San Juan del Rio, MX 12.6 42 26.97 165.55 Rome, Italy 35.4 41.2 15.18 37.93 Vezirkopru, Turkey 70.8 23.2 4.58 24.61 Malia, India

-99.2 19.4 60.96 845.14 Mexico City, MX 12.6 42.4 11.26 34.29 Terni, Italy 35.8 32.6 11.76 94.07 Irbid, Jordan 72.6 23 4.02 19.93 Ahmedadab, India

-98.2 19.2 13.44 160.67 Coatepec, MX 12.6 42.8 14.02 39.41 Bastarto, Italy 35.8 40.2 13.24 27.81 Zile, Turkey 73.8 18.6 6.8 38.01 Pimpri-Chinchwad, india

-98.2 26 5.79 38.09 Reynosa, MX (Edinburg, TX) 13 46.4 8.21 24.28 Tolmezzo, Italy 36 32 35.88 286.76 Amman, Jordan 77.6 13 13.61 66.31 Bengaluru, India

-98 20.2 5.14 52.88 Nuevo Necaxa, Mexico 13.2 11.8 5.67 29.2 Maiduguri, Italy 36 37.4 13.33 33 Kadirli, Turkey 78.4 17.4 6.78 25.96 Hyderabad, India

-97.6 20 4.29 45.42 (LAKE) 13.2 38 4.87 29.81 Viterbo, Itlay 36 39 11.59 99.67 Sarioglan, Turkey 87.4 36.4 4.71 19.59 (DESERT, China)

-97 18.8 5.98 104.7 Cordoba, MX 13.2 43.4 8.49 34.57 0 36 41 8.98 20.7 Kavak, Turkey 87.6 43.8 5.18 11.61 Urumqi, China

-96.8 17 5.27 56.06 Oaxaca, MX 13.4 46.2 4.89 22.34 (MOUNTAINS, ITALY) 36.2 36.2 10.96 42.25 Hatay, Turkey 88 38.8 4 7.44 (DESERT, China)

-95.2 40.8 4.36 14.6 SE Iowa 13.6 37.6 15.66 73.78 San Giovanni Gemini, Sicily 36.2 50 4.9 10.83 Khrarkiv, Ukraine 88.4 42.4 4.47 8.51 (DESERT, China)

-94.2 36.2 10.75 296.86 Springdale, AR 13.6 41.6 18.11 43.13 Ceprano, Italy 36.4 39.4 10.62 29.7 Sarkisla, Turkey 89 42.2 4.76 9.43 (DESERT, China)

-93.4 18 5.6 19.78 Cardenas, MX 13.6 42 25.32 108.68 Sanbenedetto dei Marsi, Italy 36.6 37 11.23 41.25 Islahiye, Turkey 89.2 41.4 4.73 8.57 (DESERT, China)

-92.4 39.2 6.12 31.51 Centralia, MO 13.6 42.8 12.4 57.07 (LAKE) 36.6 38 5.54 21.1 Goksun Turkey 89.6 55.6 4.01 8.03 (DESERT, China)

-89.8 39.2 6.23 21.06 Souther IL 14.4 42 9.33 44.84 Termoli, Italy 36.6 38.6 8.82 29.35 (DESERT, Turkey) 89.8 41.2 4.66 9.1 (DESERT, China)

-89.2 13.8 9.62 64.89 Apopa, El Salvador 14.6 41 14.22 48.73 Cervinara, Italy 36.6 40.4 6.69 22.71 Tokat, Turkey 90 32.4 4.07 20.81 (DESERT, Tibet)

-84 10 9.09 79.14 San Jose,  Costa Rica 15.6 41.4 7.59 28.49 Foggia, Italy 36.8 -1.2 4.53 11.98 Nairobi, Kenya 90.2 41.2 4.43 8.83 (DESERT, China)

-83.2 42.4 4.55 52.57 Detroit, MI 15.6 53.2 4.13 10.42 (LAKE) 37 37.6 14.16 30.89 Kahramnmaras, Turkey 90.4 34.8 5.75 22.24 (DESERT, China)

-77 39.8 4.27 16.57 Hanover Pennsylvania 15.8 40.6 11.92 48.73 Potenza, Italy 37 39.8 12.61 52.07 Sivas, Turkey 90.8 40.4 6.07 11.34 (DESERT, China)

-71.8 42.8 4.5 23.23 Greenville, New Hampshire 16.4 48.2 8.48 37.45 Vienna, Austria 37 40.8 13.54 38.13 Akkus, Turkey 91.8 43 4.39 7.82 (DESERT, China)

-71.6 42.2 15.42 41.54 Greater Boston Area (Near Upton MA) 16.8 40.8 13.45 33.76 Santeramo, Italy 37 56.2 6.14 745.86 Solnechnogorsk, Russia 93.2 38 5.42 13.66 (DESERT, China)

-71.4 42.6 10.05 29.02 Lowell, Massechusettes 17.2 40.8 8.66 26.29 Monopoli, Italy 37.2 38.2 21.4 56.77 Elbistan,Turkey 93.6 37 5.05 11.83 (DESERT, China)

-70.6 44.4 7.4 34.26 South West Maine (Near Rumford ME) 18.2 43.8 9.97 80.1 Sarajevo, Bosnia 37.4 37 21.39 50.04 Gaziantep, Turkey 93.6 37.6 5.8 14.61 (DESERT, China)

-68.8 -32.8 6.6 25.63 Mendoza, Argentina 18.6 43.8 4.7 434.64 Pale, Bosnia 37.4 38.6 13.44 40.82 Darende, Turkey 93.8 40.8 4.16 8.12 (DESERT, China)

-66.8 67.4 5.05 24.25 (ICE) 19 49.8 5.03 23.14 Bielsko-Biala, Poland 37.4 56.4 7.05 441.74 Dmitrov, Russia 94.6 41 4.02 8.2 (DESERT, China)

-52 -23.4 4.67 11.27 Maringa, Brazil 19.2 45.2 5.01 87.24 Tovamik, Bosnia 37.6 39.2 7.48 32.68 (DESERT, Turkey) 95.4 23.4 5.66 20.98 (DESERT, BURMA)

-49.2 -25.4 8.42 18.6 Curitiba, Brazil 19.2 50.4 13.51 280.25 Dabrowa, Poland 37.6 40.8 16.75 28.93 Gurgentepe, Turkey 95.6 43 4.73 9.92 (DESERT, China)

-49.2 -16.6 4.87 13.83 Goiania, Brazil (and lake) 20 41.4 23.37 132.44 Tirana, Albania 37.8 38 16.08 39.35 Dogansheir, Turkey 96.4 41 4.53 8.27 (DESERT, China)

-48.2 -18.8 4.16 12.95 Uberlandia, Brazil 20 50 10.15 34.66 Krakow, Poland 38 40 9.43 30.56 (LAKE) 96.6 40.2 4.68 9.4 (DESERT, China)

-48.2 -15.8 4.24 11.66 Brasilia, Brazil (and lake) 20.6 51.4 6.37 12.85 Przysucha, Poland 38.2 38.4 6.18 41.06 Malatya, Turkey 97.4 40.2 28.29 58.47 Jiayuguan, China

-47.8 -21.2 8.76 28.24 Ribeirao Preto, Brazil 20.8 40.6 14.21 108.7 Korce, Albania 38.2 39.4 8.82 21.59 Divrigi, Turkey 104 30.6 6.29 15.93 Chengdu, China

-47.4 -20.6 4.18 9.12 Franca, Brazil 21.4 49.8 6.28 21.87 Kolaczyce, Poland 38.4 37.8 11.16 30.52 Adiyaman, Turkey 106.6 10.8 6.45 49.83 Ho Chi Minh City, Vietnam

-47.2 -22.8 4.89 17.72 Campinas, Brazil 21.4 51 4.29 39.46 Ostrowiec, Poland 38.4 40 7.29 21.73 Akincilar, Turkey 108.8 34.2 5.79 21.75 Xi'an China

-46.4 -23.6 21.52 70.27 Sao Paulo, Brazil 23.2 42.6 4.43 31.63 Sofia, Bulgaria 38.4 40.6 6.39 17.32 Pinarlar, Turkey 112.4 34.6 4.94 10.44 Louyang, China

-44 -19.8 14.2 37.77 Belo Horizonte, Brazil 26 44.4 8.7 29.1 Bucharest, Romania 38.8 9 21.64 285.71 Addis Ababa, Ethiopia 112.6 37.8 6.54 12.56 Tiayuan, China

-43.6 -22.8 7.68 36.14 Near Rio De Janeiro, Brazil 26.6 41.2 11.66 39.52 Edirne, Turkey 38.8 37.2 14.3 30.14 Sanliurfa, Turkey 113 36.2 4.53 9.42 Changzhi, China

-8 31.6 8.51 27.02 Marrachesh, Morocco 26.8 41.8 13.76 32.54 Lalapasa, Turkey 38.8 38 8.86 24.49 Buyukoz, Turkey 113.8 34.8 5.08 14.36 Zhengzhou, China

-7.6 33.4 9.81 32.02 Casablanca, Morocco 27.2 38.4 68.75 244.63 Izmir, Turkey 39.2 38.6 16.45 49.42 Elazig, Turkey 114.6 38 6.66 68.18 Shijiazhuang Shi, China

-6.6 53.2 5.58 8.28 Naas Ireland 27.2 40.2 11.47 44.91 Biga, Turkey 39.4 36.8 5.9 14.02 (DESERT, Turkey) 116.4 37.4 4.38 11.2 Dezhou, China

-5.6 33.8 6.37 19.73 Meknes, Morocco 27.6 41.6 14.02 42.19 Pinarhisar, Turkey 39.4 39 4.89 11.77 Basakci, Turkey 116.4 39.8 10.68 22.47 Beijing, China

-5 34 10.43 30.12 Fes, Morocco 27.8 39 19.57 37.14 Akhisar, Turkey 39.4 40.2 9.17 31.3 Kelkit, Turkey 117 36.6 6.09 12.72 Jinan, China

-4.2 55.8 33.4 44.41 Glasgow, Scotland 28 37.8 15.46 31.66 Aydin, Turkey 39.4 40.6 8.44 27.95 Torul, Turkey 117 39 4.84 9.75 Tianjin, China

-3.8 40.4 9.5 23.71 Madrid, Spain 28 39.6 22.47 122.99 Balikesir, Turkey 39.4 57.2 4.14 8.37 Rostov, Russia 117.2 34.2 4.47 12.91 Xuzhou, China

-3.2 51.8 4.98 8.53 Beaufort, UK 28.2 40 14.8 68.78 Kosova, Turkey 39.6 37.2 6.38 17.88 Viransehir, Turkey 119.8 32 8.84 37.35 Changzhou, China

-3.2 55.8 12.46 21.15 Edinburgh, Scotland 28.4 37.2 13.13 28.55 Mugla, Turkey 39.6 39.8 10.07 26.64 Erzincan, Turkey 120 32.4 8.43 41.27 Taizhou, China

-3 53.2 28.04 46.98 Chester, UK 28.6 38.2 22.42 47.78 Afsar, Turkey 39.8 21.4 4.55 32.54 Mecca, Saudi Arabia 120.2 31.8 5.72 18.85 Jiangyin, China

-2.6 51.4 23.66 38.48 Bristol, UK 28.6 39.6 11.44 41.12 Dursunbey, Turkey 39.8 37.6 5.7 10.25 Dogukent, Turkey 120.4 32.6 9.78 42 Hai'an China

-2.2 51.8 14.68 22.98 Gloucester, UK 28.8 37 6.99 20.96 Koycegiz, Turkey 39.8 39.2 7.17 80.16 Nazimiey, Turkey 121.2 31.2 15.54 41.84 Shanghai, China

-2.2 53.4 65.95 97.93 Manchester, UK 28.8 39 11.84 30.02 Simav, Turkey 40 38.8 9.82 34.26 Basyurt, Turkey 121.6 25 7.58 37.7 Keelung City, Taiwan

-2 52.6 78.2 112.85 Birmingham, UK 29 37.8 26.24 44.08 Denizli, Turkey 40.2 38 12.02 24.95 Diyarbakir, Turkey 130.6 33.4 6.02 41.44 Asakura, Japan

-1.8 39 5.57 23.63 Albacete, Spain 29 40.2 45.58 471.73 Bursa, Turkey 40.2 40.4 17.31 60.25 Bayburt, Turkey 130.8 32.8 8.32 55.72 Kumamoto, Japan

-1.8 51.6 19.33 28.63 Swindon, UK 29.2 39.4 8.61 20.85 Emet, Turkey 40.2 40.8 8.55 24.54 Yenice, Turkey 135.6 34.8 44.36 666.79 Osaka, Japan

-1.8 55 18.37 24.07 Newcastle upon Tyne, UK 29.4 37.2 19.95 55.92 Aliveren, Turkey 40.4 39.8 14.4 63.96 Tercan, Turkey 137 35.2 24.07 402.88 Nagoya, Japan

-1.6 51 7.97 14.48 Southhampton, UK 29.4 38.6 15.48 34.51 Usak, Turkey 40.6 38.8 17.53 61.33 Bingol, Turkey 138.2 36.6 7.77 370.36 Nagano, Japan

-1.4 53.6 64.85 101.93 Leeds, UK 29.8 36.6 16.57 38.67 Caybasi, Turkey 40.8 37.2 8.12 22.8 Kiziltepe, Turkey 138.6 35.6 9.7 174.02 Kofu, Japan

-1.4 54.6 13.96 19.25 Middlesbrough, UK 30 37.4 12.69 30 Akoren, Turkey 41 37.8 7.07 19.42 Batman, Turkey 139.2 36.4 22.45 687.64 Isesaki, Japan

-1.2 51.6 23.23 47.69 Oxford, UK 30 40 15.03 50.93 Bozuyuk, Turkey 41 38.2 6.78 23.46 Sivan, Turkey 139.6 35.8 64.03 1010.67 Tokyo, Japan

-1.2 53 35.08 45.06 Nottingham, UK 30 40.8 35.84 157.08 Izmit, Turkey 41 39.4 21.93 134.13 Dortyol, Turkey 140 36.6 9.28 151.44 Utsunomiya, Japan

-0.8 52.2 37.37 50.12 Northampton, UK 30.4 31 9.28 164.39 Damanhour, Egypt 41 40.4 6.54 69.54 Ispir, Turkey 140.4 37.4 7.7 59.8 Koriyama

-0.6 44.8 4.21 17.66 Bordeaux, France 30.4 37.2 17.09 47.79 Antalya, Turkey 41.2 39.8 18.2 78.06 Erzurum, Turkey 140.4 37.8 4.87 51.61 Fukushima, Japan

-0.6 53.2 8.17 16.45 Lincoln, UK 30.6 28.4 4.94 77.46 Samalut, Egypt 41.4 37.6 8.52 19.49 Midyat, Turkey 140.4 38.4 5.78 147.12 Higashine, Japan

-0.2 51.6 127.14 186.89 London, UK 30.6 38.6 15.7 218.42 Suhut, Turkey 41.4 38.8 16.43 79.94 Mus, Turkey 140.6 40.6 4.22 43.64 Hirakawa, Japan

0.2 52.2 10.7 16.12 Cambridge, UK 30.6 39.8 11.25 81.65 Sakisehir, Turkey 41.6 40.8 9 61.3 Yusufeli, Turkey 140.8 38.4 6.39 239.72 Sendai, Japan

1.2 52.6 9.59 107.7 Norwich, UK 30.8 29.4 18.14 290.81 Faiyum, Egypt 41.8 41.2 6.86 15.11 Artvin, Turkey 141.2 39.6 10.47 186.35 Morioka, Japan

1.4 36.2 4.11 11.01 Chlef, Algeria 31 30 35.82 786.78 Cairo, Egypt 42 37.2 4.04 21.26 Al-Malikiyah, Turkey 141.4 43 18.26 138.84 Sapporo, Japan

1.4 43.6 7.44 39.25 Toulouse, France 31 30.6 20.37 339.96 Tanta, Egypt 42 39 12.52 39.79 Erentepe, Turkey 142.4 43.8 5.74 53.81 Asahikawa, Japan

2.2 48.8 9.02 20.62 Paris, France 31 38.8 19.52 45.35 Bolvadin, Turkey 42 40.6 8.15 23.47 Oltu, Turkey 146.4 -38.2 5.23 20.02 Morwell, Australia

2.6 48.8 7.68 21.12 Paris, France 31 40.8 20.01 101.7 Duzce, Turkey 42.2 39.8 12.91 919.29 Karayazi, Turkey 146.6 -42.4 8.19 62.83 Central Tazmania

3 36.6 6.6 27.25 Algiers, Algeria 31.2 38.4 11.5 25.41 Derecine, Turkey 42.4 37.4 4.79 12.38 Sirnak, Turkey 150.4 -34.4 4.29 24.3 Sydney, Australia

3 50.6 4.87 12.08 Lille, France 31.4 26.8 8.31 120.65 Al Kom Al Asfar, Egypt 42.6 41.2 10.32 48.62 Ardahan, Turkey 150.8 -31.2 6.09 60.95 Tamworth, Australia

4 7.4 4.56 22.61 Ibadan, Nigeria 31.4 30.6 24.06 352.9 Ezbet Ali Masoud, Egypt 42.8 39.2 14.92 63.59 Patnos, Turkey 151 -32.4 11.87 98.05 Muswellbrook, Australia

4.4 50.8 5.77 11.3 Brussels, Belguim 31.6 38.8 7.62 29.46 Yunak, Turkey 43 40 23.86 88.48 Kagizman, Turkey 152 -27.6 6.75 66.85 Toowoomba, Astralia

4.4 51.2 6.33 11.35 Antwerp, Belgium 31.8 37.4 12.48 47.7 Seydisehir, Turkey 43.2 40.6 12.28 99.45 Kars, Turkey 153 -27.6 5.01 17.03 Brisbane, Australia

5.6 6.4 7.69 26.73 Benin City, Nigeria 31.8 38.2 9.26 22.16 Doganhisar, Turkey 43.8 39.6 16.28 34.29 Buvetli, Turkey

6.6 36.4 5.33 28.56 Constantine, Algeria 32 39.8 6.86 29.02 Polatli, Turkey 44 13.6 5.49 28.38 Tai'izz, Yemen

7 50.8 4.33 13.28 Cologne, Germany 32 41.2 10.54 31.11 Devrek, Turkey 44 38.2 16.04 54.31 Baskale, Turkey

7.4 5.2 6.32 35.37 Aba, Nigeria 32.2 26 5.09 106.49 Farshut, Egypt 44 38.6 10.53 98.88 Ozalp, Turkey
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10 GHZ H-pol RFI Locations

Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location

-122 37.4 6.48 28.96 San Jose, California 9.2 48.8 8.04 66.91 Stuttgart, Germany 32.8 40 36.76 212.78 Ankara, Turkey 104.4 52.2 6.09 12.35 Irkutsk, Russia

-119 35.4 6.95 85.32 Bakersfield, CA 9.4 45.8 37.32 77.79 Bergamo, Italy 33 39.2 5.78 49.97 Karahamzali, Turkey 106.2 38.4 6.74 20.52 YinChuan, China

-118 39.8 6.2 12.7 (DESERT, NV) 9.8 4.2 9.65 32.66 Douala, Camaroon 33.2 37.2 12.41 24.76 Karaman, Turkey 106.6 10.8 7.89 90.26 Ho Chi Minh City, Vietnam

-117.6 34 7.86 17.59 Ontario, CA 10 36.8 13.42 77.47 Tunis, Tunisia 33.4 39.8 5.55 24.43 Kirikkale, Turkey 106.6 26.6 9.67 28.66 Guiyang, China

-116.8 32.4 12.02 76.72 (DESERT, East of San Diego, CA) 10.2 45.6 33.62 90.12 Brecia, Italy 33.8 41.4 8.22 35.72 Kastamonu, Turkey 108.4 22.8 8.54 30.5 Nanning, China

-116.4 33.8 15.75 182.33 Palm Springs, CA 10.4 35.6 8.56 19.92 Sousse, Tunisia 34 38.4 8.9 24.65 Aksaray, Turkey 108.4 31.2 5.82 23.5 (MOUTNAINS, China)

-115.4 32.6 9.77 45.25 Mexicali, Mexico 10.6 43.8 23.69 87.01 Lucca, Italy 34 45 10.7 461.57 Simferopol, Ukraine 109 34.2 22.34 73.78 Xi'an China

-112.4 33.6 8.32 204.56 Phoenix, AZ 10.8 44.4 23.65 84.54 Serramozzoni, Italy 34.2 39.8 5.61 18.61 Sekili, Turkey 110 27.6 9.79 41.5 Huaihua, China

-107.4 24.8 6.29 43.94 Culiacan, MX 11 45.4 12.41 36.11 Mantua, Italy 34.6 37.8 8.93 27.28 Nigde, Turkey 110.2 25.2 9.79 29.16 Guilin, China

-106.4 31.6 7.22 35.99 El Paso, TX 11 49.4 5.66 25.57 Nuremberg, Germany 34.6 38.4 7.05 18.33 Derinkuyu, Turkey 111.6 40.8 6.47 17.84 Hohhot, China

-106 28.6 8.79 89.98 Chihuahua, MX 11.2 43.8 18.41 108.31 Florence, Italy 34.6 40.6 6.63 21.56 Pinarcay, Turkey 111.8 37.2 6.59 19.07 Xiaoyi, China

-103.4 20.6 16.37 96.85 Guadalajara, MX 11.2 46 11.97 110.19 Trento, Italy 34.8 41.4 6.8 27.17 Yesilyurt, Turkey 112.4 34.6 16.85 41.95 Louyang, China

-103.4 25.6 11.1 89.65 Gomez Palacio / Torreon MX 11.4 44.6 24.24 136.16 Bologna, Italy 35 38.8 7.25 25.36 Bayramhaci, Turkey 112.4 39.4 6.05 15.07 Shuozhou, China

-102.2 22 6.84 69.73 Aguascalientes, MX 11.6 3.8 35.85 135.27 Yaounde, Camaroon 35 40.6 7.26 53.47 Corum, Turkey 112.6 33 8 18.35 Nanyang, China

-101.6 21 12.85 217.18 Leon, MX 11.6 42.8 13.03 52.76 Santa Flora, Italy 35.2 38.2 6.25 25.59 Senirkoy, Turkey 112.6 37.8 21.18 50.99 Taiyuan, China

-101.4 20.6 9.76 162.18 Irapuato, MX 11.6 43.8 14.91 64.35 Consuma, Italy 35.4 37 24.04 49.53 Adana, Turkey 113 28.2 14.31 43.12 Changsha, China

-101 22.2 16.13 193.86 San Luis Potosi, MX 11.6 45.8 20.52 71.41 Vicenza, Italy 35.4 38.8 10.3 46.1 Kayseri, Turkey 113 36.2 15.09 44.46 Changzhi, China

-101 25.4 5.67 50.82 Satillo, MX 11.6 48.2 5.96 17.93 Munich, Germany 35.4 41.2 9.67 24.11 Vezirkopru, Turkey 113.2 40 6.69 18.75 Datong, China

-100.8 20.6 5.77 53.33 Celaya, Mexico 11.8 44.2 17.09 63.63 Forli, Italy 35.6 40.8 7.31 36.81 Yakup, Turkey 113.6 34.8 17.32 50.13 Zhengzhou, China

-100.4 20.6 11.14 194.97 Santiago de Queretaro, MX 11.8 45.4 32.7 68.56 Padua, Italy 35.8 32.6 21.9 321.02 Irbid, Jordan 113.6 37.8 7.88 18.33 Yangquan, China

-100.2 25.8 31.81 507.87 Monterrey MX 12.2 46 11.48 116.08 Vittorio, Italy 36 32 65.86 969.1 Amman, Jordan 113.8 34.2 6.05 16.02 Xuchang, China

-100 20.4 9.01 205.25 San Juan Del Rio, MX 12.2 46.6 9.85 75.52 Vigolo Vattaro, Italy 36 37.4 9.52 19.58 Kadirli, Turkey 113.8 35.4 8.07 30.42 Xinxiang, China

-99.2 18.8 7.33 181.06 Cuernavaca, MX 12.4 51.2 5.73 14.93 Leipzig, Germany 36 40.2 10.1 29.4 (MOUNTAINS, Turkey) 114 2.6 6.05 16.71 (MOUTNAINS, Malasia

-99 19.4 67.69 992.05 Mexico City, MX 12.6 42 33.87 183.27 Rome, Italy 36 40.8 6.64 26.49 Kavak, Turkey 114 22.8 12.12 32.67 Dongguan, China

-98.4 20.2 7.33 145.99 Tulancingo, MX 12.6 42.4 14.63 66.64 Rieti, Italy 36.2 36.2 10.16 27.19 Hatay, Turkey 114.4 36 8.57 25.2 Anyang, China

-98.2 19.2 16.04 302.1 Coatepec, MX 12.6 42.8 15.4 35.56 Bastarto, Italy 36.2 50 6.28 13.8 Khrarkiv, Ukraine 114.4 36.6 15.69 32.09 Handan, China

-98.2 26 6.66 116.11 Reynosa, MX (Edinburg, TX) 13 46.4 9.31 46.07 Tolmezzo, Italy 36.4 39.4 5.83 18.18 Sarkisla, Turkey 114.4 37 7.18 22.7 Xingtai, China

-98 20.2 6.12 66.45 Nuevo Necaxa, Mexico 13.2 38 7.47 51.05 Viterbo, Itlay 36.6 37 8.93 23.44 Islahiye, Turkey 114.6 38 24.45 72.24 Shijiazhuang Shi, China

-97.6 20 5.54 117.63 (LAKE) 13.2 43.2 10.41 116.34 San Severino Marche, Italy 36.6 38.4 6.28 24.1 Sariz, Turkey 115 35.8 8.91 20.33 Puyang, China

-97 18.8 7.42 87.58 Cordoba, MX 13.4 46.2 7.96 37.25 (MOUNTAINS, ITALY) 36.6 40.4 5.63 18.94 Tokat, Turkey 115 38 16.34 56.83 Jinzhou, China

-96.8 17 6.1 53.86 Oaxaca, MX 13.4 52.6 7.34 33.52 Berlin, Germany 36.8 -1.2 8.35 20.48 Nairobi, Kenya 115.4 38.8 8.05 29.29 Baooding, China

-93.4 18 6.74 34.05 Cardenas, MX 13.6 37.6 12.49 67.41 San Giovanni Gemini, Sicily 37 37.6 14.63 42.51 Kahramnmaras, Turkey 115.6 34.4 6.64 17.08 Shangqiu, China

-89.2 13.8 15.81 83.59 San Salvador, El Salvador 13.6 41.6 26.85 92.45 Ceprano, Italy 37 39.8 11.89 59.99 Sivas, Turkey 115.8 37.8 9.65 43.31 (LAKE)

-88.2 13.6 8.13 50.11 San Miguel, El Salvador 13.6 42 46.46 186.82 Sanbenedetto dei Marsi, Italy 37 56.2 7.85 723.42 Moscow, Russia 116 36.4 6.58 18.1 Liaocheng, China

-84 10 9.18 34.89 San Jose,  Costa Rica 13.6 42.8 11.56 76.59 San Vittoria In Matenano, Italy 37.2 38.2 14.26 39.77 Elbistan,Turkey 116.4 37.4 17.51 41.91 Dezhou, China

-71.6 42.2 9.08 28.78 Greater Boston Area (Near Upton MA) 14.4 41.6 6.35 19.12 Frosalone, Italy 37.4 37 26.66 51.71 Gaziantep, Turkey 116.4 39.8 57.12 130.79 Beijing, China

-71.4 42.6 6.01 13.31 Lowell, Massechusettes 14.6 41 18.84 54.81 Cervinara, Italy 37.4 56.4 7.27 466.07 Dmitrov, Russia 116.8 34 7.26 29.3 Huaibei, China

-52 -23.4 5.81 14.57 Maringa, Brazil 14.8 37 11.98 68.67 Ragusa, Sicily 37.6 40.8 11.33 28.71 Gurgentepe, Turkey 116.8 35.6 8.2 26.96 Jining, China

-49.2 -25.4 12.18 25.86 Curitiba, Brazil 14.8 41.6 5.52 18.27 Campobasso, Italy 37.6 56 5.55 379.68 Moscow, Russia 116.8 36.2 8.37 43.57 Feicheng, China

-49.2 -16.6 6.86 14.91 Goiania, Brazil (and lake) 15.6 40.6 13.82 71.49 Potenza, Italy 38 38 8.9 18.81 Surgu, Turkey 116.8 37.6 8.47 40.19 NingJin, China

-48.2 -19 5.74 20.57 Uberlandia, Brazil 15.6 41.4 11.51 44.94 Foggia, Italy 38.8 9 36 691.03 Addis Ababa, Ethiopia 117 36.6 28.2 61.3 Jinan, China

-48.2 -15.8 5.97 18.28 Brasilia, Brazil (and lake) 15.6 53.2 6.22 35.72 (LAKE) 38.8 37.2 16.02 33.68 Sanliurfa, Turkey 117 39 20.13 58.1 Tianjin, China

-47.8 -21.2 13.87 61.45 Ribeirao Preto, Brazil 16.4 48.2 12.51 67.88 Vienna, Austria 39.2 38.6 10.07 21.2 Elazig, Turkey 117.2 32 6.55 40.23 Hefei, China

-47.4 -20.6 5.53 14.8 Franca, Brazil 16.8 40.8 11.03 26.75 Santeramo, Italy 39.4 21.6 6.87 145.68 Jedda, Saudi Arabia 117.2 34.2 17.7 59.57 Xuzhou, China

-47.2 -22.8 6.52 20 Campinas, Brazil 16.8 52.4 6.13 25.78 Poznan, Poland 39.4 57.2 7.52 11.88 Rostov, Russia 117.2 36.2 7.04 34.05 Tai'an, China

-46.6 -23.6 28.4 88.95 Sao Paulo, Brazil 17.2 40.8 8.45 30.92 Monopoli, Italy 39.6 24.4 6.66 45.77 Medina, Saudi Arabia 117.2 37.6 9.36 53.69 Huayuanzhen, China

-44 -19.8 16.89 39.07 Belo Horizonte, Brazil 18.2 43.8 6.58 50.59 Sarajevo, Bosnia 39.6 39.8 6.34 19.25 Erzincan, Turkey 117.4 39.2 11.5 29.09 Tianjin, China

-43.4 -22.6 7.12 20.41 Near Rio De Janeiro, Brazil 19 49.8 6.58 28.42 Bielsko-Biala, Poland 39.8 21.4 7.15 65.2 Mecca, Saudi Arabia 117.6 24.6 5.55 21.77 Zhangzhou, China

-8 31.6 14 36.35 Marrachesh, Morocco 19.2 50.4 17.86 363.3 Dabrowa, Poland 39.8 38.6 5.66 22.96 Basyurt, Turkey 117.8 36 8.92 32.54 Xintai, China

-7.6 33.4 14.02 49.82 Casablanca, Morocco 19.8 41.4 24.31 129.15 Tirana, Albania 39.8 57.6 6.36 10.12 Yaroslavl, Russia 118 28.4 8.51 44.03 Shanjiao, China

-6.8 33.8 5.69 33.29 Ain El Aouda, Morocco 20 50 10.23 55.87 Krakow, Poland 40.2 38 14.28 38.59 Diyarbakir, Turkey 118 36.8 8.7 25.56 Zibo, China

-6.6 53.2 8.26 13.8 Dublin, Ireland 20.6 51.4 6.4 37.71 Przysucha, Poland 40.2 40.2 13.21 88.39 Bayburt, Turkey 118.2 39.6 12.07 29.8 Tangsban, China

-6.4 54.4 5.6 11.69 Portadown, Ireland 20.8 40.6 28.22 93.96 Korce, Albania 40.4 21.2 5.53 58.01 Taif, Saudi Arabia 118.4 25 11.94 36.4 Nan'an, China

-5.6 33.8 10.06 26.92 Meknes, Morroco 21 52.2 10.24 34.7 Warsaw, Poland 40.4 38.4 6.12 15.24 Hani, Turkey 118.4 34 6.47 23.68 Suqian, China

-5 34 18.86 45.48 Fes, Morocco 21.4 49.8 7.46 30.75 Kolaczyce, Poland 40.4 39.8 6.08 16.86 Tercan, Turkey 118.4 35 10.31 30.68 Linyi, China

-4.2 55.8 58.12 75.24 Glasgow, Scotland 22 50 5.61 27.61 Rzeszow, Poland 40.6 38.8 11.1 34.88 Bingol, Turkey 118.4 37.4 7.85 39.94 Dongying, China

-3.8 40.4 13.41 48.99 Madrid, Spain 23.4 42.6 6.55 39.72 Sofia, Bulgaria 40.8 37.2 6.36 31.19 Kiziltepe, Turkey 118.6 40 7.5 21.51 Qian'an, China

-3.6 50.8 6.18 12.06 Crediton, England 25.6 45.6 8.73 45.45 Brasov, Romania 41 37.8 5.87 16.01 Batman, Turkey 118.8 34.2 6.76 20.38 Shuyang, China

-3.2 51.8 7.48 11.48 Beaufort, UK 26 44.4 14.55 95.63 Bucharest, Romania 41.2 40 9.78 41.47 Erzurum, Turkey 118.8 36.8 6.6 28.26 Shouguang, China

-3.2 55.8 15.82 32.2 Edinburgh, Scotland 26.6 41.2 8.26 40.35 Edirne, Turkey 41.4 37.4 6.78 25.77 Midyat, Turkey 119 32 17.73 48.37 Nanjing, China

-3 53.2 38.04 71.65 Wrexham, UK 26.6 41.6 8.91 69.16 Lalapasa, Turkey 41.6 38.8 11.72 77.61 Mus, Turkey 119 33.6 11.01 36.59 Huai'an, China

-3 55 5.97 11.66 Longtown, UK 27 40 8.39 37.21 Can, Turkey 41.8 41.2 6.76 22.64 Artvin, Turkey 119.2 36.6 8.18 27.33 Weifang, China

-2.8 42.8 6.17 24.07 Vitoria-Gasteiz, Spain 27.2 38.4 69.55 252.18 Manisa, Turkey 42 39 7.98 43.52 Erentepe, Turkey 119.4 36 6.1 15.7 Zhucheng, China

-2.6 51.4 33.9 50.91 Bristol, UK 27.4 39.6 9.57 32.27 Ivrindi, Turkey 42.2 39.8 14.63 1979.61 Karayazi, Turkey 119.6 31.4 17 64.34 Taihuazhen, China

-2.2 51.8 26.65 41.07 Gloucester, UK 27.4 41.4 8.42 98.71 Pinarhisar, Turkey 42.6 41.2 6.52 53.84 Ardahan, Turkey 119.8 32 38.56 196.79 Danyang, China

-2.2 53 34.54 56.5 Stoke-on-Trent, UK 27.8 41.4 8.51 117.3 Saray, Turkey 42.8 39.2 10.98 53.36 Patnos, Turkey 119.8 36.4 6.74 36.91 Gaomi, China

-2.2 53.4 106.1 135.37 Manchester, UK 28 38.6 19.38 53.75 Salihli, Turkey 43 39.8 11.02 50.29 Kagizman, Turkey 120 29.4 6.44 21.56 Yiwu, China

-2 52.6 128.61 192.08 Birmingham, UK 28 39.6 14.2 74.79 Balikesir, Turkey 43.2 40.6 6.67 63.68 Kars, Turkey 120 30.2 9.8 30.24 Hangzhou, China

-1.8 51.6 24.18 38.26 Swindon, UK 28.2 38.2 15.32 50.16 Kiraz, Turkey 44 13.6 8.83 56.27 Tai'izz, Yemen 120 32.4 42.68 168.68 Taizhou, China

-1.8 55 27.06 37.19 Newcastle upon Tyne, UK 28.4 37.2 10.75 24.67 Mugla, Turkey 44 38.2 6.69 15.03 Baskale, Turkey 120 36.8 6.11 33.73 Pingdu, China

-1.6 51 10.83 20.39 Southhampton, UK 28.4 40 8.92 97.05 Kosova, Turkey 44 39.6 10.43 34.15 Dogubayazit, Turkey 120.2 33.4 12.48 37.33 Yancheng, China

-1.6 53.8 100.9 143.38 Leeds, UK 28.6 38.2 18.86 53.74 Afsar, Turkey 44 40 6.62 39.23 Sagliksuyu, Turkey 120.4 31.8 26.19 80.6 Shanghai, China

-1.4 37.8 7.17 76.66 Murcia, Spain 28.8 39 6.45 21.16 Simav, Turkey 44.2 15.4 25.7 223.06 Sana'a, Yemen 120.4 32.6 47.2 180.45 Hai'an China

-1.4 54.6 25.75 38.77 Middlesbrough, UK 29 40.2 39.97 372.1 Bursa, Turkey 44.2 32 5.67 32.67 Najaf, Iraq 120.8 30.8 12.17 48.19 Jiaxing, China

-1.2 53 60.95 76.8 Nottingham, UK 29.2 37.8 22.67 52.42 Serinhisar, Turkey 44.2 33.4 9.25 64.8 Badhdad, Iraq 121 32.2 12.09 33.56 Nantong, China

-0.6 38.8 8.1 59.17 Ontinyent, Spain 29.4 37.2 14.57 47.79 Aliveren, Turkey 44.6 33.4 10.99 83.07 Badhdad, Iraq 121.2 31.2 61.71 181.15 Shanghai, China

-0.6 39.6 7.77 72.27 Valencia, Spain 29.4 38.6 12.01 24.96 Usak, Turkey 44.8 41.6 10.14 105.78 Tbilisi, Georgia 121.4 29.8 10.79 39.85 Yuyao, China

-0.6 44.8 7.66 39.16 Bordeaux, France 29.4 39.6 5.69 48.5 Emet, Turkey 45 37.6 7.35 40.67 Urmia, Iran 123.4 41.8 7.56 22.21 Shenyang, China

-0.6 53.6 12.08 17.14 Scunthorpe, UK 29.6 40 9.5 68.62 Inegol, Turkey 46.2 38 27.28 250.4 Tabriz, Iran 125.2 43.8 7.39 19.11 Changchun, China

-0.2 51.6 166.25 220 London, UK 29.8 36.6 9.47 35.93 Caybasi, Turkey 46.8 24.6 31.93 117.34 Riyadh, Saudi Arabia 130.6 33.4 9.01 39.6 Ogori, Japan

-0.2 52.6 15.69 22.98 Norwich, UK 30 31 10.06 327.54 Alexandria, Egypt 47.6 48.4 9.41 26.57 (DESERT) 130.8 32.8 14.13 89.55 (MOUNTAINS, Japan)

0.2 52.2 19.05 29.67 Cambridge, UK 30 37.4 9.95 30.69 Akoren, Turkey 47.8 29.2 7.82 59.28 Kuwait City, Kuwait 132.6 34.6 5.78 132.67 Yachiyo, Japan

0.8 52.2 8.19 24.54 Bury St Edmunds, UK 30 39.4 7.45 44.1 Kutahya, Turkey 47.8 30.4 6.77 44.91 Basrah, Iraq 135.6 34.8 47.42 486.24 Kyotanabe, Japan

1 52.6 8.62 14.45 Norwich, UK 30 40.2 13.34 104.74 Bozuyuk, Turkey 48.6 31.4 7.87 52.69 Ahvas, Iran 137 35.2 38.97 927.11 Nayoga, Japan

1.4 43.6 12.02 72.96 Toulouse, France 30 40.8 25.32 133.91 Izmit, Turkey 51.4 35.8 44.16 448.03 Tehran, Iran 137.2 36.6 9.38 255.71 Toyama, Japan

2.2 48.8 17.39 44.58 Paris, France 30.4 31 11.82 303.65 Damanhour, Egypt 51.6 32.6 11.46 74.93 Esfahan, Iran 138 36.2 8.7 155.23 Matsumoto, Japan

2.6 48.8 13.92 43.25 Paris, France 30.4 37.2 9.16 25.09 Antalya, Turkey 52.6 29.6 13.56 67.57 Shiraz, Iran 138.2 36.6 16.01 345.55 Nagano, Japan

3 36.6 7.83 37.08 Blida, Algeria 30.6 28.6 5.89 141.69 Saft Al Khirsah, Egypt 58.4 38 7.5 64.59 Ashgabat, Turkmenistan 138.6 35.6 15.5 158.97 Kofu, Japan

3 50.6 8.31 31.41 Lille, France 30.6 37.8 8.44 23.06 Isparta, Turkey 59.6 36.4 10.46 80.58 Mashhad, Iran 138.8 37.2 5.86 155.42 Tokamachi, Japan

3.2 45.8 7.03 36.26 Clermont-Ferrand, France 30.6 38.8 11.78 36.29 Afyonkarahisar, Turkey 66.2 41 15.91 34.17 (LAKE) 139.2 37.8 10.45 363.48 Agano, Japan

4.4 50.8 8.8 20.46 Brussels, Belguim 30.6 39.8 13.32 89.32 Sakisehir, Turkey 67 39.6 6.76 49.85 Samarkand, Uzbekistan 139.6 35.8 89.48 1116.04 Tokyo, Japan

4.4 51.2 8.76 16.84 Antwerp, Belgium 30.8 29.4 23.71 683.71 Qaryat Al Harajah, Egypt 67.4 40.8 8.23 21.07 (LAKE) 139.8 37.6 8.02 118.15 Kitakata, Japan

5.6 6.4 9.6 36.76 Benin City, Nigeria 31 30 50.23 1038.02 Cairo, Egypt 68.8 38.6 6.58 27.32 Dushanbe, Tajikistan 140.4 36.6 8.65 326.48 Oga, Japan

6.2 49.2 6.53 19.12 Metz, France 31 30.6 29.75 836.36 Tanta, Egypt 69.2 41.4 13.91 103.64 Tashkent, Uzbekistan 140.4 37.4 26.56 813.09 Koriyama, Japan

6.6 36.4 6.75 29.94 Constantine, Algeria 31 38.8 8.39 28.25 Bolvadin, Turkey 73.8 18.6 7.59 41.79 Pimpri-Chinchwad, india 140.4 37.8 19.4 372.3 Fukushima, Japan

7 50.8 7.84 29.13 Cologne, Germany 31.2 40.8 13.69 103.66 Duzce, Turkey 77.6 13 17.97 61.19 Bengaluru, India 140.4 38.4 14.53 196.3 Higashine, Japan

7.4 5.2 8.3 41.47 Aba, Nigeria 31.4 26.8 8.83 162.07 Al Butakh, Egypt 78.4 17.4 6.98 24.21 Hyderabad, India 140.4 39.2 7.05 114.28 Ugo, Japan

7.4 9.2 7.41 20.3 Abuja, Nigeria 31.4 30.6 34.66 817.87 Ezbet Ali Masoud, Egypt 80.4 41.2 6.79 46.24 Aksu, China 140.6 40.2 6.96 147.02 Odate, Japan

7.4 10.4 9.52 36.84 Kaduna, Nigeria 31.6 30.2 22.9 533.38 New Cairo City, Egypt 87.6 43.8 12 34.21 Urumqi, China 140.6 40.6 13.28 178.76 Hirakawa, Japan

7.6 44.4 14.96 40.87 Cuneo, Italy 31.6 40.8 7.92 57.58 Kozlu, Turkey 89.6 55.6 5.75 12.31 (DESERT, China) 140.8 38.4 17.66 380.53 Kami, Japan

7.6 45 22.95 58.99 Turin, Italy 32 37.4 8.56 20.57 Seydisehir, Turkey 95.4 23.4 7.16 24.08 (DESERT, BURMA) 141.2 39.6 24.69 148.81 Morioka, Japan

7.8 48.6 8.28 22.2 Strasbourg, France 32 41.2 6.49 39.16 Devrek, Turkey 97.4 40.2 22.18 49.66 (DESERT, China) 141.4 43 25.73 378.69 Sapporo, Japan

8.4 49.4 6.4 28.94 Mannheim, Germany 32.2 26 6.91 253.6 Farshut, Egypt 100.2 26.8 7.37 22.1 Lijiang, China 142.4 43.8 10.54 72.75 Asahikawa, Japan

8.6 44.8 10.56 41.41 Alessandria, Italy 32.2 40.8 6.34 27.32 Gerede, Turkey 101.8 36.6 6.88 19.85 Xining, China 146.4 -38.2 6.2 17.53 Morwell, Australia

8.8 10 10.42 30.76 Jos, Nigeria 32.4 37 8.1 34.02 (DESERT, Turkey) 103.8 25.6 6.06 22.39 Qujing, China 146.6 -42.4 6.44 18.67 Central Tazmania

9.2 40.8 17.97 135.26 Berchidda, Sardegna 32.6 38 13.21 138.86 Konya, Turkey 103.8 30 5.52 19.45 Meishan, China 150.8 -31.2 6.57 58.18 Tamworth, Australia

9.2 44.8 17.53 52.83 Varzi, Italy 32.6 41.2 6.67 43.01 Karabuk, Tyrkey 103.8 36 7.07 19.85 Lanzhou, China 153 -27.6 7.86 25.66 Brisbane, Australia

9.2 45.4 36.55 155.15 Milan, Italy 32.8 36.6 7.79 17.08 Ermenek, Turkey 104 30.6 24.31 56.33 Chengdu, China
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18 GHz V-pol RFI Locations 18 GHz H-pol RFI Locations

Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location Lat (deg) Lon (deg) Mean (K) Max (K) Location

-113.6 40.8 4.03 9.08 Bonnevile Salt Flats, Utah 28 54.8 3.15 11.76 Budzilaika, Belarus -113.6 40.8 7.18 17.52 Bonnevile Salt Flats, Utah

-103.6 45.8 2.16 293 (?, South Dakota) 28.2 -26 3.01 23.09 Johannesburg, South Africa -97.4 46 3.46 288.27 (Lake, North Dakota)

-97 45.6 2.27 291.14

Lake Traverse Reservation, South 

Dakota 28.2 52.6 3.9 14.42 Prusy, Belarus -97 45.6 3.28 330.65

Lake Traverse Reservation, South 

Dakota

-95 45.2 2.03 421.35 (? Minnesota) 28.2 55.6 3.09 12.96 Zhytkavichy, Belarus -95.6 45.8 3.69 254.42 (? Minnesota)

-94.2 45.2 2.66 250.44 (? Minnesota) 28.4 53.4 2.52 22.21 Sasnovy, Belarus -95 45.2 3.41 442.77 (? Minnesota)

-79.2 41.4 2.03 280.45 (? Pennsylvania 28.4 55 3.7 20.04 Kosary, Belarus -94.2 45.2 3.7 276 (? Minnesota)

-76 40.8 3.4 455.89 (? Pennsylvania) 28.6 54.2 3.27 18.74 Borisov, Belarus -93.4 44.6 3.51 269.86 (? Minnesota)

-75.6 6.2 2.68 17.09 Medellin, Columbia 28.8 53.8 3.05 8.92 Berezino, Belarus -93 45.4 3.66 201.21 (? Minnesota, near Minneapolis)

-73.2 -40.6 3.33 25.16 Osorno, Chile 28.8 54.8 2.96 13.51 Lepel, Belarus -92.6 45.8 3.17 443.81 (LAKE)

-72.4 -37.4 2.93 11.52 Los Angeles, Chile 28.8 55.6 6.71 16.39 Polatsk, Belarus -76 40.8 3.99 489.22 (? Pennsylvania)

-71.4 -33.2 2.08 6.61 Casablanca, Chile 28.8 59.6 2.16 3.96 Kotly, Belarus -70.8 -34.2 3.86 14.41 Rancagua, Chile

-71.2 -32.8 3.93 27.98 Quillota, Chile 29.2 53.2 3.26 7.78 Babrusjsk, Belarus -70.6 -33.4 12.58 54.82 Santiago, Chile

-71 -34.6 2.7 17.97 San Fernando, Chile 29.2 54.2 5.25 17.4 Krupki, Belarus -67.8 -20 3.01 6.62 (?, Bolivia)

-70.8 -34.2 5.36 26.31 Rancagua, Chile 29.2 55.8 2.5 10.47 Krasnapolle, Belarus -67.4 -20 3.04 8.67 (?, Bolivia)

-70.6 -33.4 14.83 60.9 Santiago, Chile 29.6 54.8 2.5 14.66 Senno, Belarus -67.2 -20.4 4.54 10.83 (?, Bolivia)

-17 14.8 2.69 10.76 Thies, Senegal 29.6 59.8 2.85 5.37 Petrovskoye, Belarus -17 14.8 3.07 7.89 Thies, Senegal

-15.8 18 2.07 8.91 Nouakchott, Mauritania 30 55.8 2.38 22.78 Haradok, Belarus -16.6 15.4 3.28 7.29 Kebemer, Senegal

-13 27.6 2.18 6.33 (?, Coast, Morocco) 30.2 13.2 4.12 15.47 El Obeid, Sudan -13 27.6 3.12 8.3 (?, Coast, Morocco)

-6 37.4 4.86 348.25 Seville, Spain 30.2 55.2 3.3 9.63 Vitebsk, Belarus 8.2 33.6 3.06 11.42 (LAKE)

8.2 33.6 2.05 6.94 (LAKE) 30.4 53.4 2.06 7.71 Bykhaw, Belarus 12 -16 4.28 9.97 (?, Angola)

8.6 33.6 2.33 6.93 (LAKE) 30.4 53.8 3.15 8.13 Mahilyow, Belarus 12 32.8 3.89 9.76 Zuwara, Libya

12 32.8 2.77 6.68 Zuwara, Libya 30.4 54.4 2.69 8.17 Orsha, Belarus 12.6 32 4.33 20.71 Yefren, Libya

12.6 32 4.1 12.81 Yefren, Libya 30.4 59.8 4.12 28.5 Saint Petersburg, Russia 13 32.2 6.45 21.3 Garyan, Libya

12.8 26.6 3.77 26.59 Awbari, Libya 30.8 55 3.67 32.42 Liozna, Belarus 13.6 32.4 4.39 16.64 Tarhunah, Libya

12.8 32.6 3.39 13.56 Az-Zawiyah, Libya 31 52.4 7.93 19.29 Gomel, Belarus 14 31.8 4.01 17.17 Mani Waled, Libya

13 32.2 8.12 28.79 Garyan, Libya 32 54.8 3.19 58.5 Smolensk, Russia 14 32.6 3.51 7.81 Msalata, Libya

13.6 32.4 6.25 20.07 Tarhunah, Libya 35.4 14 3.41 16.74 Al Qadarif, Sudan 14.2 27.6 3.81 19.16 Birak Airport, Libya

14 31.8 2.55 13.79 Mani Waled, Libya 36.2 54.6 2.7 18.05 Kaluga, Russia 14.4 27 6.17 21.94 Sabha, Libya

14 32.6 2.92 6.75 Msalata, Libya 36.8 40.2 2.83 223.12 Tokat, Turkey 14.4 32.4 3.05 8.06 Khoms, Libya

14.2 27.6 4.06 27.05 Birak Airport, Libya 37.8 55.6 2.36 8.81 Moscow, Russia 15 32.2 3.03 17.3 Misrata, Libya

14.4 27 11.02 40.57 Sabha, Libya 47.6 -19 2.55 10.43 Andohalo, Madagascar 19.4 30.2 3.66 9.24 Marsa al Brega, Libya

14.4 32.4 2.83 9.73 Khoms, Libya 51.4 45 2.09 4.51 (LAKE) 20.2 30.8 7.53 27.44 Ajdabiya, Libya

15 32.2 2.47 12.26 Misrata, Libya 52.6 24 2.74 6.17 Ruwais, United Arab Emirates 20.2 32 10.72 48.06 Benghazi, Libya

15.8 29 4 31.44 Hun, Libya 53.8 39.4 2.31 4.84 (LAKE) 20.8 32.4 3.75 13.89 Al-Abyar, Libya

16.6 31 2.97 11.01 Sirte, Libya 55 24.8 2.42 6.39 Dubai, United Arab Emirates 25.2 31.4 3.33 8.06 El Salloum, Egypt

18.6 48.8 2.12 11.37 Prievidza, Slovakia 62.2 34.4 2.65 11.98 Heart, Afghanistan 25.6 31.4 3.32 8.56 Buqbuq, Egypt

19.4 30.2 2.85 8.88 Marsa al Brega, Libya 67.2 25 2.58 11.18 Karachi, Pakistan 26.2 52 3.09 15.32 Pinsk, Belarus

20.2 30.8 11.17 38.45 Ajdabiya, Libya 67.2 36.8 2.68 39.68 Masari Sharif, Afghanistan 27.6 54 6.3 18.55 Minsk, Belarus

20.2 32 18.14 54.29 Benghazi, Libya 69.2 34.6 5.68 40.51 Kabul, Afghanistan 28.8 55.6 3.18 7.54 Polatsk, Belarus

20.6 32.2 7.17 46.8 Al-Abyar, Libya 73 49.8 4.14 24.96 Karagandy, Pakistan 29.4 59.8 3.62 5.04 Petrovskoye, Belarus

21.6 32.6 2.89 11.19 Umar al Mukhtar, Libya 74.2 32.2 2.06 5.54 Gujrandwala, Pakistan 31 52.4 6.79 30.16 Gomel, Belarus

22.6 32.6 2.77 9.45 Derna, Libya 74.4 31.4 2.59 20.29 Lahore, Pakistan 33.8 31 3.24 8 El Salloum, Egypt

23.8 52.2 4.42 31.65 Brest, Belarus 75.4 63.2 2.01 5.42 Noyabrsk, Russia 36.8 40.2 4.97 368.35 Tokat, Turkey

24.2 53.6 4.03 16.93 Skidziel, Belarus 77 43.2 2.08 7.53 Almaty, Kazakhstan 40.4 14.8 3.37 7.78 (LAKE)

24.4 53 4.89 21.72 Porazava, Belarus 80 7.4 3.7 9.39 Colombo, Sri Lanka 43 16 3.42 7.96 (LAKE)

24.8 31.8 2.1 5.68 Kambut, Libya 80.2 6.4 2.21 13.4 Pitigala, Sri Lanka 43.2 14.6 3.03 8.98 (LAKE)

24.8 53 2.08 12.07 Dabrasielsy, Belarus 80.2 7 3.51 13.57 Avissawella, Sri Lanka 43.6 10.8 3.15 8.85 (LAKE)

25 53.6 2.12 13.27 Zaludok, Belarus 80.6 7.4 4.34 16.28 Matale, Sri Lanka 45.2 68.4 4.1 7.95 (LAKE)

25.2 45.8 2.66 13.79 Persani, Romania 101.6 3 9.55 77.87 Kuala Lumpur, Malaysia 52.6 24 3.09 7.76 Ruwais, United Arab Emirates

25.4 54 4.93 30.34 Dvorysca, Belarus 104.2 52.2 2.18 6.85 Irkutsk, Russia 53 24 3.31 8.09 Ruwais, United Arab Emirates

25.6 31.4 2.08 4.95 Buqbuq, Egypt 104.8 11.4 3.04 40.26 Phnom Penh, Cambodia 53.8 39.4 4.1 7.39 Dzhebel, Turkmenistan

25.6 53.4 4.2 23.75 Navajeinia, Belarus 107.6 51.8 6.87 43.18 Ulan-Ude, Russia 54.2 38.4 3.08 7.79 (DESERT, Turkmenistan)

26 54.4 2.65 20.84 Asmiany, Belarus 116.4 40 2.31 23.47 Bejing, China 54.2 38.8 3.21 6.84 (DESERT, Turkmenistan)

26.8 53.8 2.88 14.96 Ivianiec, Belarus 132.8 33.6 2.32 6.47 Noborigishiroyama, Japan 55 24.8 3.58 8.71 Dubai, United Arab Emirates

26.8 54.4 4.45 13.62 Maladziecna, Belarus 139.8 36.2 4.78 472.23 Koga, Japan 56.4 20.4 3.01 7.37 (DESERT, Oman)

27 53.2 3.16 14.55 Karyl, Belarus 140.4 37.6 2.52 167.04 Nihonmatsu, Japan 58.6 21.2 3.1 7.34 (DESERT, Oman)

27.2 52.6 2.53 13.56 Vialichkavichy 142.6 47 4.94 31.08 Yuzhno-Sakhalinsk, Russia 68.8 24 8.56 20.71 Bhuj, India

27.2 54.8 3.1 10.56 (LAKE) 71 24 4.25 15.42 (?, India)

27.4 54.4 6.73 19.27 Ilya, Belarus 73 49.8 3.21 27.47 Karagandy, Pakistan

27.6 54 10.35 38.67 Minsk, Belarus 101.6 3.2 5.38 20.66 Kuala Lumpur, Malaysia

27.8 52.2 3.6 19.23 Zhytkavichy, Belarus 118.4 38 4.16 9.35 (LAKE)

27.8 53.2 2.36 16.43 Zhilin Brod, Belarus 139.8 36.2 3.9 518.9 Koga, Japan
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