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Abstract 4.2 Near real-time ZTD estimates -
Table 5. Main differences between NRT mode and PP mode
GNSS technology is highly useful for a very short-term weather forecast because information on moisture can be obtained from the GNSS data with To assess the accuracy of ZTDs estimated in NRT Mode Orbits and ERPs _ Ambiguity
high temporal and spatial resolution. In this study, GNSS precipitable water vapor (PWV) for Korea Peninsula region is estimated in near real-time | mode, they were compared to the post-processed Post-Processing IGS Final Combined*
n order to utilize the PWV for practical applications. GNSS observation data are collected from nine permanent GNSS stations in the Korea Peninsu ZTD estimates for nine KASI stations. Compared ... geal-Time IGS Ultra-rapid oll;

with PP mOde, the ambigUity resolution scheme *: Select an optimized method among Sigma (L5/L3), QIF, and Sigma

la. The number of the GNSS stations will be increased up to more than eighty In the near future. Zenith total delay (ZTD) is estimated using double- _ o o :
; i y (£TD) : of the NRT mode was simplified (see Table 5). g

differenced carrier phase observations and Bernese GNSS software version 5.2. Then, PWV can be retrieved using a local mean temperature equatio _ : . .

. _ _ _ _ _ _ _ : - Figure 5 shows ZTDs obtained from NRT mode and PP mode respectively. In Figure 5, the green
n (MTE) for Korea Peninsula. As a result, the GNSS-PWV is estimated and provided to a user every 10 minutes. This PWV information will be utili lines mean the difference in the estimates, The statistics are shown in Table 6 in detail. Consequently
zed as the initial value of a numerical weather model, and we expect that it will improve the reliability of a very short-term weather forecast, such as the overall mean difference was -0.44 + 3.60 mm with an average RMS of 3.63 mm in ZTD.

a torrential rain. Moreover, it is also expected that the PWYV can provide useful information about a fog phenomenon. e

1 Research Goal mean (mm) -0.55 -0.33 -0.25 -0.39 -0.31 -0.61 -0.50 -0.60 -0.46
; std. (mm) 3.53 3.89 3.48 3.47 3.48 3.50 3.47 3.79 3.80
Table 1. Main requirements : RMS (mm) 3.58 3.90 3.48 3.49 3.50 3.55 3.50 3.84 3.82
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the Air Force operational weather. The technical requirements of the project are shown in Table 1. e > R SRR B e R I S
To meet the requirements, the GNSS-PWV information management system is built up using high- DRP IEY -

performance computers and Bernese GNSS software. Flgure 1. Tne arcnitecture of the GNSS-PWY e
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2. A GNSS-PWYV Information Management System
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Table 2. The GNSS-PWYV information management N |

The GNSS-PWYV information management system developed by the KASI allows to estimate ZTD system - = e = e ] = R ANt VY
in near real-time, as well as in post-processing. The architecture and the specific features are shown DRS: Data Receive and Service Server I T T B S S I T T B S R O S S R
in Figure 1 and Table 2, respectively. The system consists of a DRS, DPS, and TEV, which are SEver Do D R TocesSINg erveT

i ; : ; : : TEV: Test and EValuation (Redundancy) 2500 |- 2500~ 2500]-
divided functionally. The DRS receives data and provides information to a user. The DPS processes WM/ w
: S ey Model: HP ProLiant DL360p Gen8 150 ; 0 150

GNSS data and then estimates PWV. The TEV is in charge of redundancy of the DPS as well as a Z?E ;gec'f'catlon e Ww |
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test and evaluation. This system was made of high-performance computers to process enormous data.
For speedy collection of the data, NTRIP was adopted, thereby RINEX files are received from
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GNSS stations every 10 minutes. Finally, Bernese GNSS software version 5.2 produces a local e e e . e
network solution every 10 minutes. The main parameters set up in the Bernese are shown in Table 3. 2 e e S D Nt Figure 5. ZTDs estimated in NRT mode and PP mode for nine KASI’s stations for the time period of 2014-05-02 UTC to
The GNSS observation data shifts every 10 minutes with a sliding time window of 24 hours. In O/s LINUX (Ubuntu 12.04 LTS) 2014-05-08 UTC
conclusion, this system can meet the requirement for the temporal resolution. Software Bernese GNSS software version 5.2 _
4.3 GNSS-PWYV estimates
A Table 3. Main parameters for processing As a final step, GNSS-PWV was retrieved from the near real-time ZTD estimates using several
MT BN o ol e N ‘ Method Network solution MTEs. For this study, a MTE derived by Ha et al. (2006) was adopted as a local MTE for Korea
e % '\”2& msouLnacta  haC PR 2:';,5‘. : 2 x
»»L.gg,;’»*”::.;‘-mwgm he ol Observation data  GPS/GLONASS, L1&L2 Peninsula. MTEs derived by Bevis et al. (1992) and Mendes et al. (2000) were also used to compare
™ AN B e with the local MTE. Figure 6 shows GNSS-PWVs using the three MTEs respectively and the
- O "?;;tnsaccm; ot el Observation window 24 hours ; : :
’ e o NS e s differences between the local MTE and the other MTEs. The RMS for the nine KASI’s stations are
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= fgﬁweaea som T (RINEX) D shown in Table 7. The maximum RMS is less than 0.05 mm.
al "% ZWM %. ff%;'“ | Mapping function ~ GMF Table 7. The RMS of the PWYV differences between the local MTE and the other MTESs
i ‘*-,,:“"% “3"3? T G : Ha—Bevis RMS(mm)  0.02 0.05 0.05 0.03 0.04 0.05 0.04 0.04 0.04
oA O MOGAHA (30) Rel. a priori sigma 2 mm (ZTD), 0.2 mm (gradients)
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The KASI has the network of GNSS stations consisting of nine permanent GNSS stations in Korea Peninsula, which has spatial resolution of 100 ~ S L :
200 km (the left side of Figure 2). To meet the requirement for the spatial resolution in the next stage as shown in Table 1, we have a plan increasing Eed N ser Eory |
the number of the GNSS stations up to more than eighty in the near future (The right side of Figure 2). Then, the spatial resolution will be highly ___________ e | ég; o é;g;; ___________ e |
iImproved up to 10 ~ 30 km. In the current study, DAEJ is an only IGS reference station among the KASI’s stations. Therefore, in order to define the T Cmew T T e o e
local datum, GNSS observation data from four IGS stations - SUWN, BJFS, TSKB, and WHUN - around Korea Peninsula are added as shown in the e f T e T e
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4. Estimation of GNSS-PWYV in Korea Peninsula T P :
An estimated GNSS-PWYV should meet the accuracy requirement of Table 1. A A v i o] v L g v ~~~~~~~~~~~~~~ ;
However, because there is no proper reference, such as radiosonde observation “ “ D S == S N = 1) B
data, we indirectly assess the accuracy of the PWV. First, ZTD estimates ' e T
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Then, ZTD estimates Obtam_ed i el real"?'me (NRT) m_Ode are_ compared to Figure 3. The histogram of the standard deviations for the ZTD (left: DAEJ, £ o t ol =
the post-processed ZTD estimates for the nine KASI stations. Finally, GNSS- right: SUWN) g o i gt i o : ool e e
PWVs are retrieved from the near real-time solutions using several MTEs o R o Lo o D SRR 115 N £ 87 |
respectively, and then they are compared to each other. — s . | . e
P y y ¥ SO N A A IR RN g o Y N N N (N (g b os Figure 6. GNSS-PW Vs for the nine KASI’s stations for the time period of 2014-05-02 UTC to 2014-05-08 UTC
4.1 Post-processed ZTD estimates !A 4.4 Accuracy assessment of GNSS-PWV
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Prop_osp IereTEro o ?t e Za b X ol = . _H']n e S N S S — S S S — typical ratio of zenith wet delay and PWV. In the current study, the ratio is defined as 6.5. Then, the
temgsmaac.l : i. = Sa c;{vhce/lrsse]\c/i:: déﬁ = mT t:lgur: - : Imgan, Figure 4. The Com;";(:;gon T T e error of GNSS-PWV is about 1.66 mm. Even if the maximum RMS of 0.05 mm for the difference of
fhan = ”eV|a '023 f? ! > 0 52 +' 7e1r(;nces arfethln A2 Ir'«l’l\(;losnc fus;olnA: 'period of 2014-05-02 UTC to 2014-05-08 UTC (left: DAEJ, right: the MTEs is additionally considered, the error is less than 2 mm in PWV. In conclusion, the accuracy
5 o_vera Hieal] GHITETRIIGE Was Joo = e TUITLWINL Al dVEldde o & SUWN) of the GNSS-PWV meets the requirement for the PWYV accuracy of Table 1.
mm in ZTD.
Table 4. Statistics for the comparison with 5. Conclusions and Future Works
IGS products - - - - - -
The developed GNSS-PWYV information management system allows to estimate GNSS-PWYV in near real-time and provide the
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5.1 Plans for future applications
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