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GNSS-PW Task Team: Motivation, Goal, & Operation

Goal: To develop explicit guidance on hardware,
software and data management practices to obtain
GNSS PW measurements of consistent quality at
all GRUAN sites

Operation: Bi-annual conference call, emalls,
ICMSs, sub-teams for each task & documentation.

Selected GRUAN Requirements

GCOS Reference Upper-Air Network

Priority 1 Priority 2
Pressure, Temperature, Water Vapor £ £ Ozone, Methane, Wind, Radiation, Aerosol, Clouds



How does GNSS estimate precipitable water?

m ZHD = f(|;s)

Dual-frequency GNSS mea.:
GNSS Ephemeris
Station position

Timing

. Forward model

Meteorological | Atmospheric delay
data (Ps, Ts) & _ . (ZTD = ZHD+ZWD)

Precipitable ater (PW)
ZWD =ZTD - ZHD

PW = [T* ZWD [T = f (Tm)



* Accomplishments

Task Milestone Issues

#1 To define GRUAN “GRUAN GNSS Product
requirements Requirements”

#2 To document and review “GRUAN GNSS Site Survey < Future updates: TT, then
current status Table” LC

* Managing changes

#3 To prepare “GRUAN GRUAN TD: “GRUAN * Future updates: TT, then
GNSS Site Guidelines” Ground-based GNSS Site LC?
Guidelines”




ro uct Requirements '

Measurement 800-3000 O0-500mMm 0-100 mMm 500-1100 200 -300
range mm hPa K

Precision 6 mm 12 kgn? 0.0 hPa
Accuracy 6 mm 1 kgm? 0.5 hPa

Long-term 0.1-0.4 0.02-0.06 kgrifdec 0.12
stability mm/dec hPa/dec

Temporal 1h 1h 1h
resolution

Data latency 1 month

1.1t is derived from PW stability by multiplying 6.5.
2.From GCOS-112 requirement table.

« Where does this belong to? |




_

1. Station name/Country 11.Sfc met sensors

2. Contact: Name/Emall 12.Source of clock & orbit

3. GPS contact: Name/Email 13.Methods for ZTD

4. GPS site name 14.Source of Ps & Tm

5. GPS position: lat/lon/alt 15.Raw data (where & format)
6. Recelver type 16.Derived data (ZTD/PW) data
7. Antenna type format

8 Radome 17 .Connect with other networks
9. Antenna height from MSL ~ 18.0Other

1

0. Antenna & pressure sensor ¢ Managing changes in the

% parameters listed here?
« Part of Metadata? I
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GRUAN Ground-based GNSS Site Guidelines

Introductior

1.1 Background

1.2 Organization of this document

1.3 For operators of existing GRUAN GNSS (GG) sites atadions which are potential GG site
1.4 For agencies proposing new GG sites

Guidelines for GG sites
2.1 Strictly requirecequipment and operationalcharacteristics
2.2 Optional, but desired equipment and operationataadtaristics
2.3 Desired physical characteristics

Guidelines for surface meteorological data

3.1 Strictly required

3.2 Additionally desired

Guidelines for GG sites with GPS/GLONASS receivers

4.1 Strictly required

4.2 Additionally desired

Guidelines for new GG sites

Instructions for filling out GRUAN GNSS site logs
Acknowledgment

e Formal adoption of this TD;
e To get permission from IGS

(appropriate
acknowledgement)?

References



rogress (On-going

#4 To develop guidance on
data

#5 To identify best
practices in making and
verifying GNSS
observations

#6 To provide guidelines
for GNSS-PW uncertainty
analysis

“GRUAN GNSS Data and Draft: 2/17/2012

Product Table”

A document

“GRUAN GNSS-PW
uncertainty estimation”

#7 To recommend practices As a part of “GRUAN

on managing changes

Management of Change”
document

Draft: 2/29/2012

sHard to identify the best ones?
Follow GG.

* How to organize the data
processing?

o Draft: 2/21/2012
* Implementation: central
processing

e Contribute to the MoC
document



[

Jata and rProc ADIE
Tempral
Data type Amount Format p_ Latency Updates Remarks
resolution
Regarding the
GNSS(GPS, RINEX (2.1 or - purpose of GRUAN
higher version) or Within 1 month . .
GLONASS, tens of megabytes -|. to contribute climate
its Hatanaka 1Hz - 30 sec after the Monthly or more . .
GALILEO, QZSS |200 megabytes . monitoring, | think
compact RINEX observation

etc) observations

format.

one month latency is
enough.

Zenith total delay

hundreds of

every one hour or

Within 1 month

Can anyone suggest

? 2

(ZTD) kilobytes NetCDF ? GRIB more after the. Monthly or more what format is best?
observation

. Within 1 month

Precipitable water hyndreds of NetCDE 2 GRIB 2 every one hour or after the Monthly or more Can anyone'suggest

vapor (PWYV) kilobytes more . what format is best?
observation
Within 1 month Site coordinate is

Site coordinate several bytes NetCDF ? GRIB ? |daily or more after the Monthly or more essential for PWV
observation evaluation.

Surface weather

hundreds of

every one hour or
more ( temporal
resolution of
surface observation

Within 1 month

Pressure and
temperature are
essential. Other
elements ( humidity,

. . NetCDF ? GRIB ? after the Monthly or more wind speed and
observation kilobytes should be . . .
. observation direction, sunshine
determined from .
. duration,
the persupective of recipitation, etc) are
PWV interval) precip '
preferable.
As soon as When there is any
Meta data sevaral megabytes Comformto GG possible after any |changes in GNSS

guideline

status changes at

GNSS site

observation
environment

Auxiliary data

As needed

For example, site
photo will help
analysis. 7




Theoretical analysis on the uncertainty of GNSS-
derived integrated water vapor (IWY)

Tong Ning and Gunnar Elgered
Chalmers University of Technology, Onsala, Sweden
Junhong (June) Wang and Liangying Zhang
NCAR/EOL, Boulder, CO

A theoretical analysis evaluates the total uncertainty of the GNSS-derived
IWV (owy) caleculated from uncertainties associated with each input vari-
able. The equation used for a theoretical analysis was presented by Immler

et al. (2010):

T

N 9 (v - 2
oWy = \ Z (@f( I@bt N)U-f.) (8}

i—1

where f(v,...,uy ) 1s the functional relationship between the GNSS-derived
IWYV and the input variables; o; is the uncertainty of the corresponding vari-
able.o



The GNSS-derived IWV is converted from the zenith wet delay (ZWD),
denoted by AL? in equations, via a parameter ():
AL

Q

where the ZWD is given by the subtraction of the zenith hydrostatic delay
(ZHD) from the zenith total delay (ZTD):

Vv

(9)

ALZ = AL* — ALZ (10)
where AL? is the ZTD and AL7 is the ZHD.
Combination of Equations 9 and 10 gives us the functional relationship:
AL* — ALZ
Q

where the uncertainty of the IWV is decided by uncertainties of all three
variables and can be calculated using Equation &:

2 2 2
ey | e

¥ =

(11)




Uncertainty of ZTD

Since there is not a strait way to combine all error sources together to calcu-

. al he GNSS-derived ZTD, we simply take the claimed
l=g uncatamt}r (4 1:[11]1) from the IGS ZTD product. This accuracy can only

be achieved if the following conditions are fulfilled:

e If corrections of the ionospheric delay for 2nd and 3rd-order were not
applied, measurements acquired during solar maximums should not be

used for the data processing.

e Use IGS final orbit/clock products.
e Both absolute antenna PCV and radome calibrations need to be 1m-
plemented.

e The signal multipath effects need to be minimized either by putting
microwave absorbing material below the antenna plane, or by locating
the GNSS antenna in a blanket place.

e Set the elevation cutoff angle larger than 10° in order to minimize the
impact of MFs.



Uncertainty of ZHD

The ZHD for a given GNSS site can be calculated using ground pressure ( Davis
et al., 1985):

P, |
NIE = | (2276845 . 104 ! 19
(o507 | 19
where
f(OH)=(1-2.66-10"%cos(2\) —2.8-10""H) (20)

where the ZHD is in milimeters; I} is the total ground pressure in hPa; A and
H are the site latitude in degrees and the height above the geoid in meters,
respectively. The variation of f(\, H), for different latitudes and different
site heights, are shown in Figure 2. Since the impact of the uncertainty
in the latitude and the height is negligible, the uncertainty of the ZHD is
decided by the uncertainty in the ground pressure. Additionally, the second
term in Equation 19 only contributes 0.02% of the ZHD (less than 0.1 kg/m?
in IWV), it therefore can be ignored. Using Equation 8, we have:

2.27680p, \
13 JEHD\/( f(/\,giu> (21)




Uncertainty of the conversion factor Q

rIi::j

Q=10"°py R, [T— + k;] (22)

where p,, is the density of liquid water; R, is the specific gas constant for
water vapor; &, and k5 are constants. The weighted mean temperature of the
atmosphere 1., is defined by Dawis et al. (1985) as:

Jo~ (55%) dh

T =
m acrd GLh
o~ (zy) i

(23)

where e is the partial pressure of water vapor in hPa.

Since the values for p, and R, are well defined, the uncertainty of @)
is related to the accuracy of 1,,, k3, and £j. lmplementing Equation 22 to
Equation 8 gives:

2 2
oo =107 p, R, \/(;@) +0% + (kg?i;) (24)




The total uncertainty of the IWV

2

2 2 r 2 2
B T7T D 2.2768 op, V i Theq 2 i
=, ( Q ) +(Gama) +|goen ey () o+ ( ) |

Table 2.3 summarizes the calculated total uncertainties of the GNSS-
derived IWV for three site: COCO (96.8 E°, —12.2 N°), MEDI (11.7 E°, 44.5
N?), and EURK (—85.9 E°, 80.0 N°) in order to represent different weather
conditions: moist. mean. and drv. The site height above the sea level for

the three sites are 4 m, 9 m, and 17 m, respectively. The corresponding ab-
solute values for IWV, ZTD, ground pressure, and mean temperature were
given using the mean values of 2004 data from the NCAR global, 2-hourly
ground-based GPS IWV data set. The values of the conversion factor () were
calculated using Equation 22. For simplification we fixed the value of f(A, H)
to 1 (Figure 2). The impact of this approximation is insignificant (less than
0.1% on resulting IWV uncertainty).




The total uncertainty of IWV

Table 2.3: Statistics on the uncertainties in the GNSS-derived IWV calculated from the uncertainties associated
with input variables.

Corresponding IWV uncertainty

Input variable COCO MEDI EURK Uncertainty CoCco MEDI EURK
kg/m?]  [%] [%]' [kg/m? [%] [A]' [kg/m?] [A] [%]

ZTD [mm] 2556 2445 2335 42 0.66 1.6 |50 0.64 29 |52 0.59 11.8 |53.2

Ground pressure Py [hPa) 1012 1012 1011 vl O e B B B T

Mean temperature 15, [K] 288 279 257 }ﬁg: g}g gj & gég {[]}i L ggé gi 0.1

k3 [K/mb] 22.1 22.1 224 2.21 0.07 0.2 5 0.04 02 02 001 02 00

ks [10° x K/mb)] 3.739 3.739 3.739 0.0127 0.13 03 18 0.07 03 0.6 002 04 0.1

IWV [kg/m?] 41 22 5

Conversion factor ) 6.1 6.3 6.8

Total IWV uncertainty (1) 093 23 0.80 4.0 0.81 16.2

Total IWV uncertainty (2)” 0.76 1.9 0.72 33 0.65 13.0

¢The claimed precise of the IGS ZTD product.

bTaken from Wang et al. (2007) based on the comparison between NCEP /NCAR reanalysis and ground measurement.
“Taken from Heise ef al. (2009) based on the comparison between ECMWTF reanalysis and ground measurement.
4Taken from Wang et al. (2005) based on the comparison between NCEP/NCAR reanalysis and radiosonde data.
“Taken from Wang et al. (2005) based on the comparison between ECMWTF reanalysis and radiocsonde data.

STaken from Table 1 in Bewis et al. (1994).

F(Calculated using 1.65 hPa and 1.30 K for the uncertainties of Fhy and Ty, , respectively.

The uncertainties of the Z1'D and the ground
pressure dominate the error budget of the resulting
IWYV contributing over 94 % of the total IWV

uricértainty.



Questions:

| .Uncertainty of ZTD: 4mm? It should be dynamic for each measurement. How do
we estimate it? Does there any such estimation already exist!

2.Uncertainty of Ps: Different techniques are used for this;
» different pressure sensors,

e estimation from nearby synoptic observation with corrections (Wang et al.
2007),

e estimation from NWP or other models,

e Recommendation: in-situ surface pressure measurements at all GRUAN
sites with well calibrated pressure sensors with known uncertainty.

3.Uncertainty of Tm: Different methods used to derive Tm;
e empirical Tm-Ts relationship (most from radiosonde data),
 NWP products (SuomiNet ???)
e Global reanalysis products (e.g., Wang et al. 2005),
e Other methods???
4.How to implement this! Central processing by GRUAN LC or ???

|7



==GPS_raw - SSM/I MAC1 (GPS - SSM/I)
===GPS repragessed - SSM/I

2-hrly combined to
5-min PPP IGS05

PW Difference (mm GPS-SSM/I)

===GPS_raw - RAOB MAC1 (GPS - RAOB)

=== GPS reprocessed -

PW Difference (mm GPS-RAOB)
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==Reprocessed PW data (1995-2011)
=== Not-reprocessed PW data (1997-2010)
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| ong-term trend (before/after reprocessing
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_ Otheractivities - Outreach

1. Gfg2 workshop, Oslo (Oct. 12-13) @NSS applications for Global Environmental Earth
Observationto represent GCOS. Kalev Rannat participated avinesentation (“GCOS +
GRUAN").

2. The TT helped theauder observatory to set-up their GPS receiver and peal/atlvices on
surface met sensors.

3. John Braun, Galina Dick, Seth Gutman and Junegffam our TT all joined théGS
Troposphere Working Group.

* A collaboration with the group should be establtshe
» The requirements of both organizations need toeberohined and aligned,
« Common issues should be discussed (e.g. guidetamss, products, formats).

 GRUAN should motivate IGS for climate applicatiarsd should help to align the
|IGS activities to the climatological requiremenssfar as possible.

* Inthe long range all GRUAN stations should becd@® stations;
* |t would be desirable to reprocess the IGS datalioratological applications.

4. The TT is discussing the connections betw@kbal Geodetic Observing System (GGOS
Core Network Sitesand GRUAN. It would be mutually beneficial. It woube good for
GRUAN to consider other geodetic measurements, as8H_Bl, and consider them for
GRUAN sites. VLBI sites can enhance their meteaaia measurements through GRUAI

_



> 6/2012: Finalize the documents for the first three tasks

» 1/2012-12/2012: Work on Task #4-7, and prepare a draft
documentation for each task.

» For any task, first approve the guidelines from TT and
WG, publish them as GRUAN TDs or other documents,
then publish them as peer-reviewed articles if possible.

» Work with the LC on GNSS data flow and uncertainty
analysis implementation.




.

. Each task ends with a document. How does each

document fit into different types of GRUAN documents ?
Formal approval (signoff) of all documents by the TT? ?7?

. Who would implement developed guidelines: site, d ata,

best practices, uncertainty analysis ... ? LC, TT, Site = s?7??

. Who would be responsible for keeping the guideline S and

other documents up-to-date?

. Collaborations with others on surface measurements,

metadata, management of changes, and so on?
277

»“Bringing GPS integrated precipitable water asada  ta stream into
GRUAN” — Kalev Rannat (Wed. PM)

» “Long-term comparison of GPS derived PWV with radio sonde
observation in Japan (2006-2011)”" — Yoshinori Shoji
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CONTINUOUSLY OPERATING CARIBBEAN
% GPS OBSERVATICNAL NETWORK %

N ;
N&ttral hazard (earthquakes, tsunamis,

COCONET: NATURAL HAZARD PROJECT IN
CARIBBEAN
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hurricanes, climate change) investigation in J [iai S

the Caribbean.

Funded by U.S. National Science Foundatisn:
Braun, et al., 2012: Focused Study of
Interweaving Hazards Across the Caribbean}

EQS, V093 No 9

COCONet Sites in Close
Proximity (~10km) to
Radiosondes

Curacao, Netherland
Antilles

San Andres, Colombia

Panama City, Panama

Riohacha, Colombia

Trinidad

Barbados

St. Martin, Netherland
Antilles

San Juan, Puerto Rico

Nassau, Bahamas

Grand Cayman, Cayman
Iclande

50 new : .
15 refurbished }&®
62 existing "Ni

12°N

COCOnet Station in Curacao i

NWS: Cooperative Hurricane Upper-
Air Stations (CHUAS) Network




