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Abstract: Reattime monitoring of quantitative precipitation distribution is essential to
prevent natural disasters caused by heavy raiffedicipitation distribution by rain gauge
network or combined with radar/satellite destaperationally used in Viet NarRreviously,
meteorological radar dataassimply converted to precipitation amount by using simgle Z
R relationshipln order to get the accurajeantitative precipitation estimation (QRiSta
convertedprecipitation amount from radar should be corrected by rain gaugelmaite.
ongoing JICA technical cooperation project, preliminary development of the QPE product
has been conducteoly utilizing the data from the automatic rain gauge network and
meteordogical radar network in Viet Nanthe fundamental part of this QPE algorithm has
been usednd updateth Japan Meteorologic&igency (JMA)for more than 25 year$his

is the first attempt to get quantitative precipitation distribution wrégciseresoltion by
combiningradarand rain gaugelata in Viet Nam. This paper describes epabtessto
introduce this QPE method to ViBtam and indicates some preliminary resuBisveral
issues to improve its accuracy is gsopoed
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1. Introduction

Natural disasters such as landslides, flo@asl inundations caused by heavy rainfall
occur in Viet Nam every year. These disasters cause not only human damage but also
economical loss to the countrjo mitigate these damages,s necessary tagtatistically
analyze hydrological and geological relationship betweerprecipitationamount and the
occurrence of disasteBasedon these relationshipgccurate and prompheteorological
information and/or warning should be issus&fore a disaster occur&s an indicator for
precipitationmonitoring,quaritative precipitation estimatiorQPE plays a central role and
thereforeshould becalculatedand monitored in reétime.

Since June 2018, a bilateral cooperative project between the Japan International
Cooperation Agency (JICA) and the Viet Nam Meteorological and Hydrological
Administration (VNMHA) namedi 8engthening capacity in weather forecasting and flood
early warningsystem in Viet Nam has been conducted. This project is related to the
guantitative utilization of Sband radars that were installed at Hai Phong (Phu Lien) and Vinh
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in September 2017 by another grant aid project. Detailed reviewssali@A project are
given by Tonouchi et al. (2020)]f One of the main targets of the JICA project is the
guantitativeutilization of these radar data aprecipitation estimatian

Three observation systerageusedto estimate precipitation distributions VNMHA ;

(1) meeorological radan2) meteorological satellitend(3) rain gauge. Each system has its
strengtls and weakness as follows First, he major remote sensirigol for precipitation

land is the meteorological radar. Kypographiauncertainties in radasbservatiorare due

to the curvature of the Earth and radar beam broadewithgdetection rangemoreover,
precipitation estimabn is expected to bthe most accurate where the radar beam is close to
the groundTherefore, sannirg strategyis important to get observational data close to the
groundwhile avoiding beam blockage by the mountain. Other sources of uncertainties in
radar precipitation estinian include radar reflectivifirain rate (ZR) relations resulting
from variabe drop size distributions, lack of consistent radar hardware calibration,
evaporatiorof raindrops as they fall througheair, and horizontal advection below the radar
sampling volume due to wind shear. Improvements are also needed on quality control (QC
of radar data to remove ground/sea clutter, biological targets, and otligrempitation
echoes.

While generally acknowledged to have significantly greater uncertainty than radar,
precipitation estima&bn from satellite data providgecontinuous spatial coverage and can be
valuable where radar data are unavailable or known to be unreliable. Various techniques have
been developed to estimate precipitation from infrared (IR) and microwave satellite
observatios [2]. IR data corresponds to clowdp featurewhich is not directly related to
precipitation amounPassive microwave sensors provide a stronger indicator of precipitation
than IR sensorslthoughmicrowave instruments are presently available onlylimited
satellites with a typical sampling frequency of twice per day per satellite andtial spa
resolution on the order of 15 krBatellite estimates also need to be quality controlled to
screen out ndrprecipitating clouds.

In situ rain gauges providérdct measurement of point precipitation as well as a surface
reference for adjustment and evaluation of, and merging with, remotely sensed precipitation.
Because of the various limitations of radar and sateltitenationsasdescribed earlierain
gau@ datasecures the accuracy QIPE. Improved precipitation products must draw from
each system's strength in an optimal wlayparticular, neteorological radar can provide
highi quality estimabn in regions ofappropriate observation conditiorsatellites are the
secondary source of data followed by radars. Detailed description of the characteristics of
these three observan systems areeferred[3].

In Viet Nam, radar reflectivity dats previouslyconverted to precipitation amount by
simple Zi R relatiorship by assuming MarshidPalmer size distributionThis relation is
commonly usedas an averagedraindrop size distributionand thereforeestimation error
becomes largethen thedropsize distribution is different from Marslidalmeb .dn order
to get the accurate precipitation amquanveted precipitatioramount from radashould
be corrected by rain gauge ddtathis paper, new method of combining radar and rain gauge
is applied[41 5] and shows some preliminary results.

2. Observation network in Viet Nam

In VNMHA , two types of rain gauge stations ameder operationOne is manual rain
gauge stationhich arelocatal at 370ocationsas shown in Figurgéa. Thestaffon duty at
the stationrmeasuesthe accumulated rain amount evesix hours.The othens automatic
rain gauge (ARG) stations locatatbund1400 points as shown in Figure.llb theseARG
stations, 10minutes rainfall amount is recorded and transferred to the data center at the
VNMHA headquarter every houHowever, different ARG systems have been installed
depending on the organization that installed them, such as VNMHA, the World Bank, Italy
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and South KoreaTheir data forma and data monitoring/controlling systsndiffer,
depending on thie manufactures.
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Figure 1. Surface rainfall observation netwoik Viet Nam (a) Meteorological stations(b)
Automatic rain gauge (ARGtations.

Currently, ten meteorological radarsof VNMHA are operated bythe Aerd
Meteorological ObservatoryAMO). Their locations and maximum detectiomga are
shown in Figure and their characteristics are shown in Table 1. Several different generations
and types of radars are operated. The radar network cofsigio Si band radars aneight
Ci band radars, and conssif oneconventionakadar,six Doppler radarsandthreedual
polarized Doppler radars. Eight radars are newly replaced ones (inchudhimgpr upgrade
of signal/data processing unit) in the past few years and the rem#amingadars are
scheduled to be replaceshortly. These radars almost covére whole coury and
surrounding sea except some undetectable areas in the northwestern mountainous region.
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Figure 2. Meteorological radar netwoik March 2020Purple circlesepresenVaisala radas, blue
circles & Japan Radio CompanyRQ radars red circle as Thompson radand yellow circleas

EnterpriseElectronicCorporation(EEC) radar.

Table 1. Characteristics of radars. D andrthe thirdcolumn indicatedual polarized radar and
singlé polarized radarcorrespondinglyFirst and second valuestime detection range column show
maximum detection range in intensity mode and Doppler mode respectively.

Radar Site  Height Type Band Detection BeamWidth Manufacturer
(m) Range (km) (deg)
Pha Din 1470 D C 300120 1.0 Vaisala
Viettri 40 S C 1.1 Thompson
PhuLien 146 S S 450/200 1.7 JRC
Vinh 92 S S 450/200 1.7 JRC
DongHa 40 S C 300120 1.2 Vaisala
TamKy 52 S C 300120 1.2 Vaisala
Pleku 842 D C 300120 1.0 Vaisala
QuyNhon 582 D C 300120 1.0 Vaisala
NhaTrang 57 S C 240/120 1.0 EEC
NhaBe 35 S C 300120 1.0 Vaisala
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3. Method of quantitative precipitation estimation

As mentioned inthe introduction rain gauge and radar have batrengtls and
weaknesss to estimate precipitation distribution Rain gauge can measure accurate
precipitationamouns, buttheyprovide only point measuremenks case of convective rain,
precipitationintensity changes within the scale of several kilomeférsrefore, numbers of
rain gauges are necessarestimatethe distribution oprecipitation On the contrary, radar
canestimategualitativeprecipitationdistribution with the resolution of 1 krRadar measuse
the intensity of return echoes from targétgdrometeorsbuttherefore it does not have direct
relationshipwith the amountof precipitation The physical unit oprecipitationamount is
related to the third power of raindrop diametet, é&cho intensity is proportional to the sixth
power of raindrop diametefo link these two parametets deriveprecipitationamount Z4
R relationships are used hwdrious drop size distributions of tpeecipitationare assumed
as oneln this projectonefrom Marshalt Palmed s 0 b s ie used&Vvhenradarderived
precipitation is calibrated with rain gaugs, more accurde QPE is available while
compensatingveaknes®f radar and rain gauges

In this project, oneéhour accumulated rain gauge data andlomé accumulated radar
intensityare combined based on the methtedelopedoy JMA [4]. Rain gauge data and
radar intensity data have different characteristics such as the difference between point data
and spatial datar surface data and Iawevel not surface data. In order to calculate QPE
stably,dataaccumulation is necessary. By using this methloe QPE product with km
resolution is calculated every 1 hour for 1 hour accumulated rainfall amount.

The algorithm of QPE is summarized in Figure 3. This algorithm consists of five major
processes, 1) quality control and one hour accumulation of rain gauge data, 2) convert from
radar volume scan intensity data to lowest level distributionoamichour acamulation, 3)
1st calibration by rain gauge data, 4) 2nd calibration by rain gauge data, 5) paodtioeal
composite map.

Process 1

Last 1 hour rainfall amount
'“_J Correction
Rain-gauge - ‘m“ |"|- by rain-gaug
112
Q“ s

Radar Process 3 Process 4
QC of Radar lhour|| 1% estimation || 2" estimation
radar accumulation (overall {local calibration) National composite
calibration)
grriomt:':;u;t E:Urcir:: val 1* estimation 24 astimation Composite 27 estimation
Clu%ter map If]m QPE ete with 1+ with correction to cover nationwide area.
R calibration factor || of 1=
Process 2 using after QC estimation with Process 5
— data rain-gauge

Analysis for every radar Analysis nationally

Figure 3. Schematic algorithm for QPE.

Even if several radars observe the same grid mesh, theseéloed houraccumulated
precipitation may not be the same. Also, the v&bfeoné hour accumulated precipitation
right abovea rain gauge may not be the same asaihé hour precipitation amount dhe
rain gauge. This is because of the following reasons;
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Error due 6 the assumption iniR relationship.

The mechanical characteristics of the receiving sensitivity in each radar.

Radio wave attenuation due to precipitation in the transmission path and wet radome.
Error due to the different rain distributidretween the upper air and the ground. The
higher the radar beam passes through, the larger the error will be.

T
T
T
T

Therefore, onighour accumulated precipitatidd from the radar must be calibrated to
fit the value of the rain gauge. The calibrateditweir acumulated precipitation value is
called the ¥ calibrated valuéd, and the correction quantity is called ti&(grecipitation)
calibration factor. Severabnditiors to determing¢he 15 calibration factor, are as follows,

1 The factors for therrors differ in each radar and time, therefore thealibration factors

, are determined in each radar and in each hour.

1 The P calibrated precipitatiofD should take the same value at the area where two
neighboring radar overlap.

1 The % calibrat@ precipitationO. should be corresponding to the amount of thé one
hour precipitation from rain gauge.

For estimating the®icalibration factor, , first we determineSlcalibrated precipitation
‘01 as in below.

0=, © 1)

From Condition 1,0 is the function of timet, which can be written a&(t). From
Condition 2, assume that there is common observation area A and B the certain point,
the calibrated precipitation from both radam®uld behe same valudut in adual cases, it
will not bethe sameTherefore, we need to consider the resighues;

Ulz(fla (Eab) lﬁb (Eba ))2 (2)

whereEap is the reflectivity from Radar AndEnais from Radar B at the certain point.

From Condition 3, wheréY»¢Ois defined as the mean value ehaur precipitation
among rain gauges in ared B, and mean values from the radar are defined as the figure, it
can be written as;

» 000 306 &, b 00 AF0Yeo d ©)

But in actual casesheywill not be as the equatioffherefore, we need to consider the
residueli as below.

Uzz(lja dEab O’d:\)ab C)2"'(ljb dzba ('D’CRbaQQ (4)

R;: 1-h precipitation from Raingauge 1

Reflectivity Reflectivity
Radar A: E,, RadarA:E,, | (Rap):meanvalueof Ry Ry, .. Ry
Radar B: Ep Radar B: E|
R4 R, & (E,p): meanvalue of E4, Eg5, ... Eqn
a N
Radar.A ! : Radar B (E},): mean value of E}q, Epy, ... Epp
. \ .

1 (&
Raingauge

Figure 4. Schematic view of parameters for estimatifigalibration factor, .

Residuel; andi are summed um Equation 5as residuep whereUis a parameter
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el 1+ ]2 ()

When tr and tp take the optimum value, resideptakes the minimum valudsirst
calibratd factormay be determined I8olving thesimultaneougartial differential equation
for , »and, b on thisresiduep

Secondcalibration is a process to calibrate locaiyeach rain gauge site¥he 2"
calibration factor is determined at each rain gauge mesh by compdricglitrated
precipitation and rain gaugme hour precipitationAt the grid of raingauge, the ratio of 1st
calibrated precipitation andtAour rainfall of the rain gauge is set & ttemporal 2nd
calibration factor.

When'Y(ip) is 2hour rainfall of the rain gauge at poietandQ; (i) is 1st calibrated
precipitation at that grid, temporal®@alibration factor at poinb is described as below.

Y
O ® ©6)

When thetemporal 29 calibration factor is set at the grid of rain gaudg¥,calibration

factor at the other grid is calculated by interpolating the temporal 2nd calibration(fé@tor

The 29 calibration factorg(i p) at the gridi p can be described when ngie (ip) as the
temporal 29 calibration factor at rakgauge@rid in, parametet and weight) o

- AQII% "0 pl?t ip
e | =4 B"L’) p

(7)

where
Wi = Wol Wr (8)

This calculation will be repeated three times to maket¥itedind smoothinterpolation
Finally, these ¥ calibration factors at each rain gauge mesh are interpolated to make a
distribution of 2¢ calibration factorThe weightingfactor for interpolation is a function of
distance between the target mesh and rain gauge and precipitation type. Bihegig
calibration factor, ¥ calibrated precipitatiok: is converted to™® calibrated precipitatio&.,
which is the result olte QPE Detailedexplanatios onthis QPE algorithnare given irf4i

7].
4. Characteristics of rain gauge data and quality control

The pbtal number of ARG statiaris around1400 from the station list. In order to keep
a qualified QPE product, quality control of rain gauge data is vitally imporféinére are
three types of errors affecting rain gauge data such as trouble of rain gauge system,
transmissionerror, and environrental change surrounding rain gaudgefore the test
operation of QPE started in July 2019, all ARG data with the present formaewsyerarily
checkedSince ARG did not havenoughdatafor the rainy seasoihe main targets were to
detectthe transnssionerror and abnormal valués remove suspicious ARG statioWge
usal the following simple conditions to check the quality of each ARG.

The ratio of missing data is less than 5% or not

Comparing rain amount withn adjacent station located around 5 to 10 km and both
observational values are not so different

By using the observation data between December 2018 and Juret 200at 950 ARG
stations we checked the missing rate. Figaishows the distribution dhe missing rate. 745
stations have less than 5%tbé& missing rate. Figuré shows the locations of high missing
stations. They distribute extensively in the country and need to know the cause of these
missing stations to improve the quality of rain gadgta.
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Some stationkave unnaturalow value compared with nearby ARG. Figurehows an
example of comparinthetime change gbrecipitationamount at three nearby stations. Their
distances aret30 km. In this caseyrecipitationamount at station No0.23584 is much less
than station No.31750 and station No.92510herefore the data from station No.2358z!

not usedor QPE calculation. Similarly, several other statians not used according to the
manual check.

Station ID: 23584

Haurty rainfall

B Y 'l S 1 I il .
zo1m-13 zo1m-0t Toam-0z o103 FrEt = 5
Date

Station ID: 2510

Haurly rainfall

1 r IoN-0n
Mate

Figure 7. Time changes of three ARG stations located nearby withidigtence of 510 km.

Based on these two conditions, we finally selected 750 ARG stations for QPE
calculation.(Thefinal number of stations increased more than G¢adding other type of
ARG data) About half of the ARG data are not used for QPE calaratn order to improve

the accuracy of QPE, the causeeoforsshould be checkednd the number of qualified
ARGsshould be increased

5. Characteristics of radar and QPE product

Each radar scans imtensity modeor Doppler mode. Intensity mode istgpe of
observation with low BlseRepetitionFrequency (PRFand can deteatith alonger range
than Doppler mode. Vaisala radar laasaximum detection range 800 km and JRC radar
of 450 km in Intensity mode. Several specifications of these observatiodes are
summarized in Table 1. In this QPE calculatioriensity mode data is used.
Radar scans with sequence aghultiple elevationsn six to ten minutesn order to get
preciseprecipitationdistribution, echo intensity data at the lowest altitisdeecessary. Low
elevation scans are often affected with ground clutter, sea chrtteart precipitation echoes.
A combinationof different elevatios depending on the surrounding situations around the
radar, is determineds a composite table Thi s met hod i s called AP
Pl an Position Indicator (PCAPPI )OO in this QI
Figure8 showsthe PCAPPI elevation table ahreeradars In order to avoid the effect
of ground cluttersomeradas located close to the mountainous regionda complicated
table. Statistical quality control of PCAPPI data is useful to check the effect of beam cut by
mountain or interferenc&or quality catrol of PCAPPI data,aumulationof PCAPPI data
for appearanctequency and intensity are two important indicatordetermiree whether the
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echo is from precipitation or natigure9 showsexamples of these accumulatoiiable 2
indicates the meaningsf eachcategoy. Precipitation echo shows high frequency and high
intensity. Area of beam cut shows low frequency and low intensity and partial beam cut
shows high frequency and low intensity. Interference shows high frequency and extremely
high intensiy and extremely high frequeneyeabecomeslinear shape.

et m“”' YN o

e

{

Figure 8. PCAPPI elevation settings for Phu Lien, \/inh and Rlgadars (from left to right).
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Figure 9. Appearance frequencfupper row)and average reflectivitylower row) of onémonth
accumulated PCAPPI data from Septemis&io130", 2019.
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Table 2.Characteristics of several noisy situation

Appearance frequency Average reflectivity Echo pattern
Beam blockage Low Low Wedge
Lowi frequency )
) Low High Wedge
interference
Highi frequenc
.g a Y High Low -
interference
Strong interference . .
High High -

or clutter

Based on this statistical che@fevation settings fahe PCAPPI produaare optimized
in each radar to make them laéefluenced by clutters or beam blockadgy combining

PCAPPI and rain gauge datgpreliminary QPE product is created. Time sequence of QPE
cdculation is shown in Figurg&O.

Schedule
00 00 05 GetRadardata 30 35
| - ! [
t 1 —T >
Y. - — Calc start
S AWS data will be
Get Radar data .
05 35 mi received at around 30
(05, 35 min past minutes pastevery hour
every hour)
Figure 10. Calculation schedule of QPE.
Lation .-)|‘:X-'»I',l.‘),\-)‘ TC mnljh 50 ‘
Pha Din Phu Lien A [l o radar
X ) ig 45 m first estimation m
> [—; nfts Sa, gg i second estimation : :
g‘ =g - { AW IEu /BN NN NS NN NN
S e '\,‘ '«' 16 | | | | | |
» . BosN BU 1 : 1 : 1 :
s 7 Vinh g = SETT . T | ,
'y § 2 |
bey * M0.. £
" —W‘_‘ > Fo s g 30 LI L]
2 1 Bt ?': udil
= "-"" o
g QD HoangS a
DongHa = ¢ é
<
3 . £
TamKy o &
- ] -, Y
Plei Ku — =L P4 F
S . N
\5 ) . é’\’ "D Truong Sa
\qt ' \\Q? TN Quy Nhon
Nha Be - } -5
> (a) Rain Amount: Rain gauge [mm)] (b)

Figure 11. (a) Sample result of QPKb) Evaluation of three types of estimated precipitation. (1)
Estimation only by radar, (2ftcalibrated precipitation, (3)"2calibrated precipitation.
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The frst versionof QPE calculatiorstarted its operation from July 2019. At this stage,
two JRC radas andfour Vaisala radagwere used for QPE calculation. Afteethumber of
Vaisala radagincreased t®ix, the algorithm has been improved for several issues. Finally
thecurrent versiorof the calculation was started from March 202be cetailedinstallation
process is referred {G].

Figure Ilashowsanexample o QPE product. QPE results can be overlaid on satellite
data by usingthe Satellite Animation and Interactiv@iagnosis(SATAID) system. Figure
11b shows the result ofhe preliminary evaluation of QPE products. Accuracy of the
precipitation improves from estimation only by radartedlibrated precipitation and further
to 2" calibrated precipitation. In thisase, rain gauge data used in the calculagien
employedfor evaluation.

6. Improvement of scan strategy of JRC radars

As mentioned inritroduction, scan strategy is one of the important issues to improve the
quality of QPEJ RC r adar 60s stlueeelevasion gnglesridntensity made and
10 elevation angles for Doppler mode. QPE calculation uses only intensity mode data and
thequality of this mode is important to keep the accuracy of QPE. Hneemough volume
scars for Doppler mode, but onlihreeelevations fotntensity mode. Furthermore, two scan
angles in Phu Lien radareso similar such as 1.3 degree and 1.5 degvbiEh means not
enough scan angles for Phu Lien radar as intensity mode. In order to make optimal PCAPPI
producs avoiding the effect of ground clutter, sea clutter and poetipitating echo, it is
essential to havthe choice of elevations ilntensity male. Vaisala radar changed its scan
strategyfrom August 2019 and increased the number of elevatorrintensity mode tdour
or five angles.

Table 3and FigurelZhow the current scan sequence and proposed new ones. In the
new scan sequendeur elevations for intensity mode and 10 elevations for Doppler mode
with different angle settirgfrom the current scan sequence. The meritshafnew scan
sequence are aslliows:

1 The number of elevation angles for intensity mode increases and hatter choice of
elevation for PCAPPI product

1 Qualifiedof low elevationangle data with combininigntensity mode and Doppler mode

data

Higher vertical resolution in the rangetween 200 to 300 km

Smoother change of vertical resolution in the range between 0 to 200 km

Improvement of detectability dfigh-altitudeecho close ttheradar site

= =4 A

Table 3. Elevation angldable of current scan sequence (upper 2 lows) and newly proposed scan
sequence (lower 2 lows) for JRC rad@ursit is degree)Phu Lien radar currently uses 1.3 degree in
the second elevation imtensity mode and Vinh radar uses 1.0 degree.

0.0 13 15
Int
1.0
Dop 00 05 10 15 20 3.0 40 6.0 9.0 120
Int 0.0 05 1.0 15
Dop 05 1.0 15 25 36 50 7.2 104 150 215
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Figure 12. Current scan sequence and newly proposed scan sequence on Phu Lien radar

7. Summary and future issues

Currently eght meteorological radars and aboS0ARG data are combined to make
hourly QPE product. In the early stage, sometimes there were sudden increases in QPE value.
Several improvementsere madesuch as correction of ¢ations of radar and ARG, quality
control of radar and ARG data, optimal parameter settinghe@QPE algorithmand
suppres®n of these abnormal valuelSven if hese improvements increased the stability of
calculation therestill are several issuaggarding the optimal setting of radar and QPE
software, quality control of ARG and radar déafurther improve the accuracy of QPE
Detailed issues are listed follows

Increase reliability and availability of ARG data
Optimal elevation setting in PCAIPP

Improvement of scan strategy of JRC radars
Proper setting of clutter maps

Evaluation of QPE product with independent ARG
Optimal parameter setting of QPE algorithm

= =4 =4 -8 -8 -9



