Referee 1

Speci fic comment s

1. Lines 108: the content of section Z2ARMW 1 has
regional model

Answer: Thanks for your suggestion. We have followed ihe revised manuscript lines 186-

205.

2. Li ne’'sl A3 8 0.5°the finest GFS horizontal resolution available?

Answer: Thanks for your question. The NCEP GFS Analysis and Forecast System was upgraded
on January 14, 2015 (1200 UTC), providing 0.2590.25° gridded output which is the finest

GFS horizontal resolution available. As the finer GFS product, 0.5° x 0.5° gridded output is still
available. We have made some experiments comparing the winter and summer forecast over
Tibetan Plateau while the.Zb° product was not available in the whole January 2015. So we

choose the 0.5 degree gridded output at first.

3. Page. 7, i ne 116: change t he titl e of S
evaluation/2v.elr.i2f i cati onbo

Answer: We have followed your suggestiin the revised manuscriptline 127.

4. Page. 8, l'ine 137: change the title mfewsect.i
2.1.1

Answer: We have followed your suggestion in the revised manusctipe 110.

5. Page. 10, l i net ilt711le: ocfh amnecet itohnd/ A2R 2s.yls tienm faTnhhde
Community Radiative Transfer Model 0; pl ease

on GSVar3Dsystem



Answer: We have followed your suggestion in the revised manusttipes 21-226.

Instead of the spectral definition of backgrounds errors in the SSI, GSI is constructed in physical
space which the background errors can be represented by-lommgeneous and anistropic
gridpoint and used for both global and regional forecasts. GSI utieessive filters and is
designed to be a flexible system that is efficient on available parallel computing platforms (Wu
et al., 2002; Purser et al.,, 2003a,bpe GSI 3DBVar system provides anptimal analysis

throughtwo outeriterative minimization ot prescribedunction as follows:
* -0 0" 0 09 -(9 I I (9 I (1)

Where@ is the analysistate can be calculated hyinimizing the penaltyfunction*, @ is the

first guesghat comes from GFS product in this article represeriaakground model state

arethe observatios including conventional observation, satellite radiance data, radaretiata

( 9 is the transformation operator from the analysis variable to the form oéf tegor. By

means of the two sources of prioritalathe first gues® and the observatioris , the solution

for the penalty function which indicates the posteriori maximum likelihood estimate of the true
atmospheric state can be found. While B Arate the error estimates @f (covariance matrix

of the background error) arld (covariance matrix of the observation error) respectively which
are used to weight the analysis fit to individual observations (Wu et al., 2002).

Wu, W., R. Purser, and D. Parrish: Thi2enensional Variational Analysis with Spally
Inhomogeneous Covariancédon. Wea. Rey130, 29052916, 2002

Purser, R. J., Wu, W. S., Parrish, D. F., and Roberts, N. M: Numerical aspects of the application
of recursive filters to variational statistical analysis. Part I: Spatially homoggremlisotropic
Gaussian covarianceglonthly Weather Review31(8), 15241535, 2003a

Purser, R. J., Wu, W. S., Parrish, D. F., and Roberts, N. M: Numerical aspects of the application
of recursive filters to variational statistical analysis. Part II: Spatially inhomogeneous and

anisotropic general covarianc@éonthly Weather Revievt31(8) 15361548, 2003b



6. Line 185: Il n my opinion this paragraph woul ¢

2.1.3

Answer: We have followed your suggestion in the revised manustlipes162183.

7. Line 210 section 3.1: please indicate in this seatibith is the best value for each score

Answer: We have followed your suggestion in the revised manusttipes245-270.

8. Lines 242245: the sentences here are not so clear

Answer: Following your suggestion, we have added the tdixtes Z75-279:

The CTRL experiment was carried out first with an initial time of 00:00 UTC and made 54 h
forecasts. The data assimilation was applied on the DO1 region of the output from CTRL at 06:00
UTC. The initial condition of the DA experiments was derived from thRIC® h forecasts and

then DA experiments made a 48 h forecast for each day.

9. Pag.15 lines 27277: the values in brackets are referred to L24h, is it right? If yes, please
specify it in the text

Answer: Thanks for your question. The values in brackets are referred to L24h. Following your

suggestion, we have added the texinas 315-318:

The overall bias statistic in D02 is 0.97 mm (0.86 mm), 0.52 mm (0.70 mm), 1.08 mm (0.97 mm),

and 0.98 mm (@06 mm) CTRL, CONV, ATMS and CRIS respectively. The values in brackets

are referred to L24h

10. Pag.17 lines 31316: please indicate on figure 8 (for example using circles or arrows) the
overestimated and underestimated events
Answer: Thanks for your mentip we have added the grey shadings to indicate the

underestimated events in figure 8.



11. Pag. 18 lines 32826: please add a reference figure

Answer: We have followed your suggestion in the revised manuscript #8B&373.

It is usual to define thamount of 25.0 to 49.9 mm and 50 mm daily precipitation as heavy rain
and rainstorm, respectively. However, due to the history data sets of the TP indicating that the
days of precipitation exceeding 50 mm are few (only accounting for 0.3% of rain daysgt(We

al., 2003) and referring to previous studies (Wang et al., 2011; Zhao et al., 2015), the heavy
rainfall threshold was defined as above 20 mm for the 24 h precipitation in this study.

Wei, Z. R. H. Huang W. J. Dong: Interannual and interdecadal vaoraiof air temperature

and precipitation over the Tibetan Plateau. Chinese Journal of Atmospheric Sciences, 27(2), 157
170, 2003.

Wang, C. H., S. W. Zhou, X. P. Tang, and P. Wu: Temporal and spatial distribution of heavy
precipitation over Tibetan Plateau recent 48 years. Scientia Geographica Sinica, 31(4), 470
477, 2011.

Zhao, X. Y., Y. R. Wang, Q. Zhang, and L. Luo: Climatic characteristics of heavy precipitation
events during summer half year over the Eastern Tibetan Plateau in recent 50 yearandrid L

Geography, 4, 004, 2015.

12.1t would be useful to consider bootstrap confidence intervals when discussing the results
Answer: Thanks for these very thoughtful suggestiohs. consider bootstrap confidence
intervalsmay bea useful way to present our réisuActually, we calculate these statistics based

on a threshold with the different coefficients, please check Figure 7 and the description in lines
332-344 in section 4.1. If we want to consider bootstrap confidence intervals with the different
threshold the calculation should be very complicated. But we accept your suggestion with the

different way discussion.



Technical corrections
13.Li ne 36: a space has to be added between MfAho

Answer: Thanks for pointing out this issue to us. We haveectad it in the revised manuscript

in lines36-37.
For the first 24hourand last2zhour accumul ated daily precipita
14.Li ne 52: Ainfluenceso rather than Ainfluenceé

Answer: Thanks for pointing out this error to us. Wae corrected it in the revised manuscript
in line 52.
The dramatic modification caused by the rugged terrain influences the local atmospheric

circulation and causes strong | ocal convectio

15 Line 127: Afseveral o rather than ASeveralo
Answer:Thanks for pointing out this issue to us. We have corrected it in the revised manuscript
in line 147

Of the several merged satellite precipitation

16. Lines 138141-142-143: please specify the acronyms: GDAS, pibal, SSM/l and TCW

Answer: Followng your suggestion, we have added the text in lrids118.

The conventional data which is from the Global Data Assimilation System (Gpwefared

BUFR files (gdas1.tCCz.prepbufr.nr) is composed of a global set of surface and upper air reports
operationally collected by the National Centers for Environmental Prediction (NCEP). It includes
radiosondes, surface ship and buoy observations, surface observations over land, pilot balloon
(pibal) winds and aircraft reports from the Global Telecommtioica System (GTS), profiler

and US radar derived winds, Special Sensor Microwave Imager (SSM/I) oceanic winds and

atmospheq total column water (TCW) retrievals, and satellite wind data from the National



Environmental Satellite Data and Information SeeM{NESDIS).

17. Line 201: (Table 1) instead of (Table 2)

Answer: Thanks for pointing out this mistake for us, we have changed it.

18.Li ne 280: A(Table 2)0 instead of A(Table 1) ¢

Answer: Thanks for pointing out this mistake for us, we have changed it.

19.Line 313: Alt can be seen in the time series
Answer: Thanks for pointing out this issue for us, we have added it in the revised mamsscript

It can be seen in the time ser@d-igure 8ahat there are four observed heavy rainfal evt .s é

200Line 317: AThe L24H forecasts (fig.8b) showe
Answer: Thanks for pointing out this issue for us, we have added it in the revised mammscript

line 361.

The L24H forecastéFig. 8b) showed a similar pattern

21.Line 322: At heex@QCG&NM nfebnltuce | i ne)
Answer: Thanks for pointing out this issue for us, we have added it in the revised marmiscript
line 366.

the CONV(blueline)le x per i ment captured the accumul ated

22.Line 324: Athe ATMS (redhlki2dh peetcopmeadtiloa
Answer: Thanks for pointing out errors for us, we have added and corrected them in the revised
manuscripas:

the ATMS (red line)p er f or me d .theh2d h pvexipitatioré maxiansurpassing 20 mm



are spread in the main pipitation region

23.Line 349: a space has to be added bet weenifex
Answer: Thanks for pointing out this issue for us, we have added a space it in the revised

manuscript.

24Line 404: Abut the results are not the sameeé.
Answer: Thanks fopointing out this issue for us, we have changed the words in the revised
manuscripin line 398

but the results are ntlie samevhen different data sets are injected.

25.Line 377:A(bottom I eft in Fig. 11m)o
Answer: Thanks for pointing out this issue faos, we have added the words in the revised

manuscripin line 443.

26.Line 408: delete the double comma

Answer: Thanks for pointing out this issue for us, we have deleted it in the revised manuscript.

27.Line 409: a space hasitlaollye® added bet ween 0?2
Answer: Thanks for pointing out this issue for us, we have added a space it in the revised

manuscript.

28.Li ne 445: fiwe chooseo rather than fAwe choseod
Answer: Thanks for pointing out errors for us, we have added and corrected them in the revised

manusript.



29.Table 1: New Table 1 will be the one about ATMS and CrIS channels and the caption could
be modified as foll ows: AThe channels for A
the data assimilation procedureo

Answer: Following your suggestion, weve revised the text in the caption of new Tabla 1

lines 60-661.

Tablel. The channels for ATMS and CrlS ddkathave been selectddr the data assimilation

procedure

30.Table 2: New Table 2 will be the one about contingency table; please addagtsdetails in
the caption

Answer: We have followed your suggestion to add more details in the caption of new Table 2.

Table 2. Rain contingency table used in the verification studies. As a threshold, 6 mis day

chose to separate rain from-raon everms

31.Figure 1: please add more details into the caption of figure la (resolution of the domains for
example)

Answer: Following your suggestion, we have added more details into the caption of figure 1.

Figure 1. (a) Simulation domains and topografRgsolutions are at 12 km and 4 km for the

outer (coarse grid, D01) and inner (nested grid, D02) boxes, respectively. The shading indicates

the terrain elevatiorufit: m). (b)i (d) Distribution of (b) conventional data observatiqe$,scan

coverage ofATMS data after data assimilation, and (d) scan coverage of CrIS data after data

assimilation at 06:00 UTC on 1 July 2015.

32Z2Figure 2: clarify into the caption the diffe
Answer: Thanks for your suggestion, we haased the caption as follows:

Figure 2. Blue bars indicate the total amount of radiance read in the DA system. Red bars present



the number of kept radiance after first step of quality control. The used percentage after final
quality control is shown as dtk curves. The right-gxis indicates the ratio of used amount to

read amounfTop panel is for ATMS (a) and bottom is for CrIS data (b).

33.Figure 3: in the caption there are no info about the part of the figure at the top; please also
mention into the cén the initial time of each experiment

Answer: Thanks for your suggestion, we have revised the caption as follows:

Top panel shows the schematic of data assimilation configuration wit¥iaBDBottom panel

presents the experiments design. CTRL: contkpeement without data assimilation that the

initial time is 00:00 UTC from 1 to 31 July; CONV: data assimilation with conventional data

only; ATMS: data assimilation with conventional and ATMS data; CRIS: data assimilation with

conventional and CrIS dat@ONV, ATMS and CRIS experiments all start at 06:00 UTC from 1

to 31 July.

34Figure 4: put the wunit also close to the col
Answer: Thanks for your mention, we have put the unit above the color bar now and revised the
mantscript.

Figure 4. Daily precipitation averaged (unit: mm) for the month of July 2015. (a), (b) are F24H

forecast and (c), (d) are L24H forecast. Black contours are altitude (unit: m).

35.Figure 5: put the unit also close to the color bar

Answer: We have puhe unit above the color bar now.

36.Figure 7: please list into the caption the validation statistics presented in the figure
Answer: The validations statistics is listed into the caption.

Figure 7. Monthly and domain average validation statistics for F24étast (af) and L24H

¢



forecast (gl). (a) and (g) are Bias Score; (b) and (h) are Fraction skill Score; (c) and (i) are
Equitable Threat Score; (d) and (j) are Probability of False Detection; (e) and (k) are Probability

of Detection; (f) and (l) are Falgdarm ratio.

37.Figure 8: please add more details into the caption

Answer: We have added more details in to the caption: Time series of daily precipitation
distribution for F24H forecast (a) and L24H forecast (b). The black, grey, blue, red and green
linesindicate observation, CTRL, CONV, ATMS and CRIS, respectively. The unit is mm. The

grey shadings indicate the underestimated events.

38.Figure 11: put the unit also close to the color bar

Answer: We have put the unit above the color bar now.

39.Can be figured-5-6-10-11 a little bit bigger?

Answer: Those figures are bigger now.



Referee 2
Major points
I Section 2.1.2 Observation data: Even if there is the reference to a previous study on the (Guo
et al.,, 2014), it is interesting to have some more details alboespecially about its
performance on the TP, considering that the rain gauges are sparse over the TP.
Answer: Thanks for these thoughtful suggestions. Due to the gauge distribution is very sparse in
TP area, satellitbased estimates have become vempadrtant sources for precipitation
information. We have further explain the performance of the CMORPH dataset for TP in the
revised that paragraph in lin&35-157:
Considering the topographically complex terrain characterizing the TP, satellite ptiecipita
data with very high spatial resolution is especially needed. CMORPH product makes use of the
precipitation estimates technique that have been derived from low orbiter satellite microwave
observations and geostationary satellite IR data with spatiphgation features. Several studies
(Gao et al., 2013; Guo et al., 2014; Tong et al., 2014; Zhang et al., 2015) have compared the
CMORPH data with satellite precipitation data sets in the TP area with the conclusion that
CMORPH data is one of the most sitite product to use in studying precipitation over the TP.
During the period from May to October 200009, Tropical Rainfall Measuring Mission
(TRMM) Multisatellite Precipitation Analysis reéime research 3B42 version 6 (TMPA) and
CMORPH show better plarmance inhigher correlation and lower RMSkan the Precipitation
Estimation from Remotely Sensed Information using Artificial Neural Network (PERSIANN)
and its real time version (TMPART) over the TP(Gao et al., 2013). Of the several merged
satellite precipitation products (i.e.TMPA, PERSIANN, aheé Global Satellite Mapping of
Precipitation GSMaB), the CMORPH productvith the highest resolution (8 knean capture
the afternoofto-evening precipitation pattefGuo et al.,2014). Tong (2014) has also compared
the performance of four widelysed Igh resolution satellite precipitation estimates against

gauge observations (the CMA data) over the TP during Januaryi?@06 e mber 201 2.

t



noticing that TMPA and CMORPH data had better performandepicting precipitation timing
and amounthanthe TMPART and PERSIANN at both the plateau and basin stiadag (2015)
has also made a conclusion that the high resolution CMORPHcdataepict finer regional
details, such as a less coherent phase paitenthe TP andbetter capture the feature$ the
diurnal cycle of summer precipitati@ompared with TRMM 3B42.

Gao, Y. C., & Liu, M. F. Evaluation of higresolution satellite precipitation products using rain
gauge observations over the tibetan platéfydrology & Earth System Sciences Discossi
2013,9(8), 95039532.

Tong, K., Su, F., Yang, D., & Hao, Z. Evaluationsatellite precipitation retrievals and their
potential utilities in hydrologic modeling over the tibetan platéaurnal of Hydrology2014,
519 423 437.

2 Section 4.1 Lines 255264 | candét understand what is show
and c) are observed values for July they should be the same, while they show different values.
Explain.

Answer: Thanks for your attention, we have explained it in the revised manusdiigs 296

301.

Due to the Figure {a) standing for the F24H, the first day calculated in Figui@ 4vas during

the period 006:00 UTC1stJuly to 06:00 UTCndJuly and finally ended in the period of 06:00

UTC 29th July to 06:00 UTC 30th July. Treéore the different values in Figurg&) and(c) can

be explained that thé&igure 4 €) shows the L24H observed monthly mean accumulated

precipitation of which the computing process are different in in two days with Figaje 4

3 Section 4.3Details ned to be added on the computations you did in Figure 10, including the
mathematical formulation.

Answer: Thanks for your suggestion, we have revised the manuscript id08d24 as follows:



Zonal component of wind velocity (u), meridional componentvofd velocity (v), specific
humidity (g), and covariance, which are needed for flux computations, are provided at eight
standard pressure levels (1000, 925, 850, 700, 600, 500, 400, and 300 hPa). The equation of unit
side length, vertically integrated beten the surface level and the top of the atmosphere and

averaged in time atmospheric water vapor flux (unit: ké#sit) can be written as:

~

® 0 0o (11)

The zonal and merdional component of vapor flux is described by:
0 - noém (12),

and0 - i 0 QI{13), respectively

Where R is the surface pressure and p is the pressure at the "top" of the atmosphere, g is the
gravitational constant ( 9.8 nt*3.

The water vapor fl uxAYlisgwenbygence (D, unit: kgA
$

+— (14

where a is the radius of the model earth taken as 6371.2 Igriatitude in radians, andis

longitude in radians.

Mi nor points
4. Lifheu®Ahdulihdo ubré. and

Answer: Thanks for pointing out this issue to us. We have corrected it in the revised manuscript.

5. Li mMeés 42formul at e t he | ast sentence of
understandabl e.

Answer: Thanks for your suggestion. We have revisedatistract inthe last sentence into

i Overall, based on the experiments in July

some extent the prediction of precipitation pattern over the Tibetan Platéatt h ® b @ h

M O



simul ation of w®masnmnehi®wwicetgh @unta.ld astha ft i ng

6 . Lines 75ifi2O0RBt) a dot after

Answer: Thanks for your attention. We have revised it.

7Line 85: two dots after fn2013) 0.

Answer: Thanks for your attention. We have deleted one dot.

8.Line9%:changghas o with Ahado.

Answer: Thanks for pointing out this mistake for us. We have revised it.

9 Line 113: iThe GFS data ar e. . . 0

Answer: Thanks for pointing out this mistake for us. We have revised it.

10.Lines 291294: The two sentences are unclearade rewrite.

Answer: Thanks for your attention. We have revised it in lines332s follows:

The ~8489% high percentage of hits and correct rejections events indibatesinfall events
are well predictedFurthermore, as the false alarms were prily located in the east of the TP
in contrast to the misses in the wetdtis specialpattern can he|WRFARW model reduce
model error in the future which meatmst WRFARW model has promising potential TP area.
11.Line 314: put a space betweerv ent s and A ( f.

Answer: Thanks for your attention. We have revised it.

12.Line 316 and after: [ woul d not cal l a

thorough the paper.



Answer: Thanks for your attention. Precipitation is mainly distributetie south edge of the TP,
and the rainfall in other area is very small (Figure 4). The threshold of 6 mm is defined by

calculating the whole D02 regional average precipitation so that the value seems relatively small.

13.Line 318: Abet weeno i s Aamongo

Answer: Thanks for pointing out this mistake for us. We have revised it

14.Line 359: In the figure 10 the period is%8July and not &. Please change.

Answer: Thanks for your attention. We have revised the period in the manuscript.

15.Line 374: The sare shown is FSS not ETS.

Answer: Thanks for pointing out this issue for us. We have revised it.

16.Line 383: Figure 10l does not exist.
Answer: Thanks for your attention. We have revised it the manuscript as foltbes:
precipitation experiments all undstegnated the amount of precipitation, and CRIS performed

particularly badly (Fig. 10c, f, i).

17.Line 385: Change AThis phenomenondo with AThi
Answer: We have followed your suggestion in the revised manussipbllows: This result

indicates that DA can indeed improve the heavy rainfall forecast.

18.Line 386: Figure 10 refers to CTRL and not to DA experiments, likely you would refer
Figure 11.
Answer: Thanks for pointing out this mistake for us. We have revised it in line 447:

From tre above analysis of Figure 9 andl, it is clear that before the heavy rainfall, DA can

MPp



improve the simulation of precipitation spatially.

19.Figure 2: It is unclear what is shown on the riglaxis. The Figure caption must cleashate

what isrepresented.
Answer: We have followed your suggestion in the revisgation of figure 2 as follows:
Figure 2. Blue bars indicate the total amount of radiance read in the DA system. Red bars present
the number of kept radiance after first step of qualdgytml. The used percentage after final
quality control is shown as black curves. The riglaxis indicates the ratio of used amount to

read amounfTop panel is for ATMS (a) and bottom is for CrIS data (b).

20.Figure 4: The Figure 4 caption must be rewritt . |t i's unclear. nSp
mont hly mean precipitation in July 2®m150. I
the month of July 2015

Answer: We have followed your suggestion in the revisgation of figure 4 as follows:

Figure4. Daily precipitation averaged (unit: mm) for the month of July 2015. (a), (b) are F24H

forecast and (c), (d) are L24H forecast. Black contours are altitude (unit: m).

21LFigure 8: title is Aprecipatationo.

Answer: Thanks for pointing out this mistake far We have corrected the title.

22.Figure 10: the period is-83 July not 36 Jul y. I n the caption, Ap
' precipitationo.

Answer: Thanks for pointing out this mistake for us. We have corrected the caption.



Ref e3r ee

Speci fic comment s

I The data usage percentage of Crl S is | ow. (S
used and read in the GSI ?

Answer: Yes, you are right, the percentage of the assimilated CrIS data is low. The full spectral
data are read in GSI, but theed data is low. In current study, the channels of CrIS are selected

according to the NOAA operational system, there are bntyw per cent age chann

Then the data wil/l be processed through the
| arge part of data have been kicked out. For
part have not been used. So the final used in
2 Section 2.2.1. Mo d el top iIs set at l10hPa.
paking channels. Higher model top may be bene:

Answer: | totally agree with this pointnodel top may the performance of some high peaking
channelsln our previous experiments, we made the comparison with the different model top
(1hPa, 10hPa and 5ChP We found that thhigher model tops used, the more data have been
assimilated, but the performance is not really improved, the reason is coming from the regional
WRF model i mitation. Different from the gl ob
reasonable physical processes at the model top above 10hPa. So the performance with 1hPa
model top is quite similar to the 10hPa model top. So we used the 10hPa model top in current

study.

3Line 179. The sentenceraadhanAEMSaamdci@ml Hes.
CRTM 2.1.30 is not appropriate. Af tseirmuATaM & da 1
brightness temperatures are cal cuwlsatoebds evivaat C

operator.



Answer: Thanks fopointing outthis mistake for us. We have revised the manuscript in lines
232-233
After ATMS and CrIS data are read into the GSI, simulated brightness temperature are

calculated via CRTM 2.1.3 in this study.

4 Linesl9b92 QC1 is only agpipfifiedento cmiocuwdo whetee
should also be applied to infrared. bEmi sadiswi t
over | and. Regarding QC4, pl eascr ictlarriidrny idmr e@(
QC2Zdbetrievald?i €acendlcgealsiuttcyessrntud oldaita keswg
Answer: The quality control in current study is made according to the GSI used guide. Your
comments is right, in GSI, each instrument has its own quality control subroutine. In order to
avoidthedupl i cation of the description for the gt
lines has been changedthe revised manuscript in liné§8170:

The detailed quality control can be found in the section 8.3 radiance observation quality control

in t he Gridpoint Statistical I nterpol ati on (
Developmental Testbed Center (DTC) (2016).

Developmental Testbed Center, 2016: Gridpoint Statistical Interpolation Advanced User's Guide

Version 3.5. Available dtttp://www.dtcenter.org/cor® S/ users.v3.5/docs/index.php, 119 pp.

5Figures 4 and 5. The color scheme of the <col
di fferent blue/red color | evels.
Answer: Following your suggestion, we have modified the color scheme in Figures 4 and 5 in

the revised manuscript.

6The results in Fig. 5 indicate that ATMBmpar e
radi ance data degr adeon,hee smpoenctihd lylf ymeizumm Ntpl3 & Niji epq

MYy


http://www.dtcenter.org/com-GSI/

[ 77 E, 80E] where conventional ndanai atenayabkkhs
two types of data? The nbeegastaevrne iimmpRicg. olfl ATIM
on the vM®$ uaemsd o€r IA% rorbosresr vaantdi -ognrf o sva | d r rbceer heed tp f
Answer: you are probably right, the result seems that the error in the ATMS experiment is higher

than the Conventional data experiment over the specific region. But in geénéra,c ipp iet at i on
pattern got slightly i mproved, fad n bhéedteneagh e, F
t hoet tehrreexeper bmenthsas mprecepittameon event fore
foll owed by the CTRL and CRI'S, while CONV has
negative performance in AIOME5-80MEe:r wekecapéti KSia
tyes of data is inconsistency. Because the TI
i mpact may be attributed to data quality con
physical p akA RV ghea wifngVRaFn i nadeqawaée deecripeéeir
surface making the errMar tectaumdr gi2® 1mor e I mr ami
not understand the exactly reasons for the n
regi on. But we ¢ a nexamankthes proldem én the futpre workm/eratcspt

the comment nfior mati on on the valarsorod aATMSgr

erroof fcuwi | | be hel pful o, but in a reality, w
obsereatoosomplibated terrain region, it 1s a
7This 1 s Jia hceomnmaeinntbel t i s close to the edges

affect the results or not.

Answer: It is possible that the edges of D02 domain can affect the results, but here the rainbelt is
close to the upslope of mountain areas, it is consistent with the observations.

This is good comment, we can do some experiments to explore the imphet lotation of

edges of D02 Domain on the results.



8. Due to the forecast mo d e | deficiencies, it
precipitation forecast. With the watetovapor
examine tdreimoiiatpwmrceg anal ysis field.

Answer: Thanks for your mentiotWe have analyzed the ATMS and CrlS data assimilation
impacts on relative humidity (RH) atreter height above the earth surface in July 2015 in
another paper. Theesults show that the 2n RH farecasts in July could be modified by
assimilating over higheglevation region which is the part of the TP in this manuscript.

This is also a good suggestion, we can make the comparison the water vapor channels with the

temperature channels or the otheratale channels to examine the impacts.

9LinesA3D27 Al t hough 1t is true that mckeawave
sky radiance data are used in this study.
Answer : Yes, youskayr eomrliyg hrta d iTahnecnec t draatsa sitsu days s

the processing of therddtangeatanyocobérodbmpt
that the c¢cloud radiance Iis possible to I mpact
Sshows apebdtotrenlmnmiecr owave radiance experiment
radi ance experiments. It is probably related

mi crowayve.

10. Reference
Answer: Thank forpointing out this mistake for us. We have revised innttamuscript in lines

534
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Abstract

Usi ng t he Nati onal Oceani c and At mospher.i
|l nterpol ation data assimilation system and t
Advanced Research Weat her -ARMN earegh parahh efmromthpd a
of assiandiviaantciendg t echnol ogy mi cr owtanva&c ks oiumfdrea r

soundersa(e@rlilS)t e datpa ednocvperre ntihpei t Taith eotnan Pl at e

was evaluated. Four experiments were designed
experiments wi t h di fferent dat a sets i nject
conventional aadta ATMS8dsat ebmbi eatdi on of conve
The resul ttshe hmmaretdhlIltyhamean of precipitation i ¢
and shows an orographic bias described as an

an underestimati on iThe rainshadow mainty mfluented prddietiomod i n b e
the quantity of precipitation, although the main rainfall pattern was well simulated. ke f i r st
2hoand I-lasur 2ac cdailyjnprdcipitatiendhe model generally overestimated the

amount of precipitation, but it was underestimatedhm heavy rainfall periods of-3 1316,

and 2225July.The observed water vapor TciobnevteaynawaRslea tferao
| arger thanuilmttitoensmodvenli chi mnduced 1 naccuraci
3i5July. Thedat a as sk me aparecaldristhe ATMS s s i miwera tlases to ,

the observations for the heavy rainfall process than the coriinatrall, based on the

experiments in July 2015, the satellite data assimilation improved to some extent the prediction




44  of precipitation pattern over the Tibetan Plateau t htolue hsi mul at i on of rai

45 assi mshatwigocetgh ® n a.l shifting
46 Key whkmds ance data assimilation, GSI, Tibetan
47
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1l ntroducti on

The Ti bet ani sPltatee ahui ghfePs)t and | argest pl at eze
centr al Eurasi an continent andovetramgs ainn atf
approxi matel y 2T.hse nTiPl lhiacsn aknvari ety of topogr :

gradient and Its steep moweshi asrangemdntg.ned
modi fication causedébstehteh d orclad g ead ntoesrpraasisre ¢ C i

strong | ocal convection t o ari se, easily I n
wi ndstor ms, haiMastsarcmmn,dl a8 ,;ad6aone( al ., 2015
of the lkey fvariamder standing the hydrol ogical

on the regional and gl obal circulation that a
Gao, 1979, CCadmambonalkil,i aka8xm20hhe R0l MmMaki nNg acc
and -l eamd weat her forecasts at high tempor al a
scientific significance but also addresses th

the variable weatpkex coediraionoragdapmghym t he

popul ated region with few conventional obser
met eorol ogi cal data | eads to great wuncertaint
devel opmenetri cfal nweat her prediction ( NWP) mo d ¢

At mospheric Research (NCAR)G6s Advanced -Resear
ARW) model , of fer opportunities t-soparnsper orvesg iroe

NW model s can be initialized with and | ater al

H N



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

for better describing atmospheric conditions,

(Maussion et al., 2011).

Satellite radianomestddtmpoanraeandonebeskervhaei omn
directly assimilated into data assimilation m
geostationary satellite data have continuous
satel lliet ¢eshecieracrt h twice a day to provide gl o
vari abl es, such as temperature, pressur e, mo
suggested that the assimilation ofves avealtlhietre
forecasts (Eyre, 1992, Der bFar almadnngiéer, pL 8 @8Bc¢t

satellite data are even mor &a@roud oicanly .telaastalcagn
studies have also indicated that the effect
product s was better t han only satellite dat
performance of satellit&readdh@angespssemsl asi o
DA method is stildl controversi.adc hiwaAou zetetala.l,
was the first to assimilate microwave radian
using ensemble Kalamdh tthéteeslIENKFshowed t ha

radi ances overall make bettefThéonegasigeof nfTy
al so appeared and it I's mainly contributed toc
boundadytcons within the regionadundbdbmamnseaWeat

covage (Kazumorii et al ., 2013) .
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The advanced technology mic#rowake i duraderd
(Crl S) are two instrumentbe wbBubmihi Ndrt brictrsiaxlgu P
Partner shiap psogaaecrnagf tsatell i te | aunched in 2
ti me sensor data for critical weat hetrr aacrkd c |
mi crowave scanneomlwimndéds 2Rosthaomhet Be channel s
mi crowave soundA)nganudni mi c(rAoMBal e humi dity sou
sounding profiles of atmospheric moisture an:
spectrometer awi tchh aln:(9 ss genddver 9 dlewt ifoaono m nfhrea rhe
sounder (HI' RS) to produce temperatur e, press
assimilated ATMS data in -RapgeEauWepttlhar CEOt & @c
and t hse srheoswieldt t hat di értet @rnsd e rufmerniAa rhcaed tMHEN | Al
the |l onger range over the Nor thNeevrenr tHheerhiesspsh e rse
data assimilation into NWP models overmitthedTP
mo d e | capability for assimilating radi ance (
characteristics i's .sthdrdt wmdodmdicelee atr ey mew ogen
satellite observations, sucheashATMaganadofCrdla$
TP and effectively enhance the accuracy of fo

Il n this paper, we make an assessment of the
data for East Asia on precipirtatihen epgfeditst ioc
satellite data sets injected.
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2 . Data and Model s

2.1 Dat a

2.1Data used for the assimilati on

The conventional dat a whi ch S f (GDMASt he G

prepared BUFR files ¢ognmpesdedCCF. pregpbbit. msrelt

air reports operationally collected by the Na
|t includes radiosondes, surface ship and buo
ball oo)n wipndsaland aircraft reports from the C
profiler and US radar derived winds, Speci al
and at mbspalkrcol umn water (TCW) retrieval s, a
Environment al Satellite Dat aTherdr é md rotrsnataaon
pressur e, geopotenti al hei ght, temperatur e,
sea(.Nati onal Centers for Environment al Predi c

Depart ment of Commer BBIEEP 2ADB, Gupbatedppdar | Wi
We at her Observations (PRERBURRI Mhgr mat ) , May 1

ATMS and Ce |l Sadcdiadredd i tat &EDABEGI ahsosfiomttile
format . Al | of t hi s htctaps :b/e/ wivavw m laat @sdéeradoadderl g onv

dat a/-dnatded e tda/a@lso bmaslly & #ie aors

2. Da2 a used for the evaluation/ verificati on

HT
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Observational precipitation data from the Nat
of the China Meteor ol ompisc auls eAld maisn itshter attri wtnh (
with the mdadhel Dr dulAesesolghhti on gridded hour
Precipitation Analysis (CMPA) data gauge, wh i
provided by more tlkRanhe&80, 0@t aan® mavi itdr whe
At mospheric Admini stration ( NOAA) Climate Pr
precipitation product (Xi e & Xiong, 2011, Pa

verification tomuelvatliuafened gk tnsorde |t sd t opogr a

terrain characterizing the TP, satellite pre
especially needed. CMORPH product makes wuse
have bébriewed from | ow orbiter satellite microw
| R data with spatial propagation features. S
Tong et al ., 201 4; Zhang et al . | 2@18) | ihtaew €
precipitation data sets in the TP area with t
suitable product to use in studying precipit:

Octobe?202904Tropi cal Rai 6T BWI MAUel atsiusraitnegl | Mit ses il

Anal ystiisme eradsearch 3B42 version 6 (TMPA) and

hi gher correlation and | ower RMSE t han t he P

|l nf or mati on Uusi nag Ar tRHSIIANMNIT VRERdur ab |l Néet mer kv e

( TMPART) over the TP(Gao et al . | 2013) . Of t h

H'Y
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(i .e. TMPA, PERS AGINgbalndSatelliteGSWadpPpi ndheof

CMORPH product wieslo | thieorhi & e &1tm) €t aBnv ema mtgu r €

precipitation pattern (Guo et al . ,2014) . Tong

wi d-ebed high resolution satellite precipitat

CMA dadem)t lmee TP durDbDencge mlbaenru a2rOyl 22.0016t 6 s wor t h n

CMORPH data had better performance in depict,|

TMPART and PERSI ANN at both the pl at eau and l

cpopclusion that the high resolution CMORPH dat

coherent phase pattern over the TP and better

precipitation compared with TRMM 3B42.

NCEP Final Analdnpsias waBN used through dynami

moi sture to illustrate the transportation of
21 . Badiance data quality control

As the quality of the observati oinmdt rduantean tiss
station positions, or human factors, carryin

necessary (Hubbard and You, 2065)e.p Besfadrig yd a

procedure was applied tdhetiIG&ElI satysitleimt eanda doir a
NOAAOGs Satellite and | hf oBenaitd @ dattr ¥d atrd | Iof eNi
summari zed to several guality control (QC) c

H



168 observations or inféat eaTthheen dlectva i d emdf iqdueani ciet yo

169 f ound i n t he secti on 8.3 radi ance observati

170 I nterpol ation (GSI1) Advanced User 6s Gui de wver

171 (. 201T6h)e. obskrmambenaof ATMS data ranging from

172 number of Cr1 S data ranging from 2@6h4€04&ttao ha

173 passed rigorous aquwalityyramwsweiasseisan tt feerschuotwe d t |

174 23 .-260. 4 %, and 1. 3% and 1. 6% of figoodod observa

175 separately were retained after quality contro

176 has 1305 channel satellitenirlaadieadn ccenh athanted ,s baute

177 reduced) (Tabhe sel ection of redundant channel

178 dat a comes from the simil ar altitude and co

179 Theref or e, | alICgélS pateedht a@e rafdi ance data t h.

180 st eps. ( BS)hopuwse tthe di stribution of the convent.

181 where observational data are rare in the TP.

182 data af¢ter quality control , where there i1 s al

183 t he TP.

184

185 2. 2 Model s

86 2. 2. IARNRFreqgi onal mo d e |

87 NCARWRBRFARW regional mo d e | associated with th

on



188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

(GSdagta assimilation syste+tARWas suseduil hytliosr

nonhydr ost aetgiuca,t iporni,minmeisvoescal e meteorol ogi cal

mo del domaway Besteédvowi th 12 km (580 ilzoh2 )

spacing. There are 51 vertical |l evel s with a

to cover mo s t of East Asia and the subdomai n

which hasivalmewyntsdirmmctur e.

The phymeterigataons chosen for the forecas:i

studies of the area (He et al . | 201 2: Xu et a

ARW SiMogmeend!| abs s -6 ) WS cr ophysi cskFrddhméeime(,KFt) h ec ukK

parameteri zati on, t he Rapi d Radiative Transf
radiati on, the Yonsei University scheme (YSU
pl anetary boundary | ayer scheme.

The Nati onal Centers f CEPEnviIl obmarme ftoalecRRrsad

f orecast dat a, which has a hohouzoninatereslo] uw

as the boundary and initial conditions for t h

fields of dxtperasmeinmis| dtbhiAQn teake advanblges o

UTC made by CTRHhBrpeulbhlei cAQFS ativaati @ sa:b/l /ewww.onie dc . n o«

accessdanod/edhdtdad e if ©/r glag s Hoaklm

2. ZA.h@BdS3Vagsystem and Community Radiative Trans:

oM
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I n this study, we -Valmoseg sttemyseaevhti od GSI a3 @at
t hat was 1initial l-ggre ndeervaetlioopne da naasl ytsh es rseg/xstt em |
Spectral Spaltatsitanc a(l S3In)t eat RTEP (Derber and V

Il nstead of the spectral definition of backoc¢

physi calhismactehe background err enrosmo@@&mebastr aj

anistropic gfndpotit mtglhombalusand reqgi onal forec

and i s designed to be a flexible system that

(Wu et al ., 2002; Pursé&mretsystem pPO0a@ahadgs) an

t hrough two outer iterative minimization of a

* .g @ " @ @ -(@ 1 I (@D I (1)

Whe@dés the analysis state can be ca@csl ated

the first gguesemt GRS pgoomeuct in this article

/] are the observations i ncluding conventional

et(cdis the transformation operator / ferroonort.h eBya

means of t he two sour cefsanodf tphrei osfh,s edrdwvieat:s otinlu ¢ |

for the penalty function which i ndi cates the

at mospheric state claar keleet efrownd@i/h imaeg ieBn @déh d ma

of the backghrdcmodaeri aomc)e amadri x of the obseryv

are used to weight the analysis fit to indivi

The devel opment of ffast radi ative transfer

OH
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234
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237
238
239
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241
242
243
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247

satellite infrared and mi(cSaownadveer sr aedti aanlc.e,s 1 N
al ., 2007; Zou et al ., 2011) .( CiTRhTeM)C odnenvuenl i ot pye dR
United States Joint Center for Satellite Date
the NCEP GSI system to rapidly calculAdter sat

ATMS and Crl1 S data aketec@abrioghtoneg e tG&Shpersatn

CRTM 2.1.3 litn itdhiworstthu€wyaditSi csicraghst mrat22t0HD& m s wa

degrees), -awddrme 3Wi eevag.t hEach field consists of
of 14kmedi amets (nadihlt tspsa:t/i/ajloirretsnoil sustijoom.)g s f(
The ATMS scans a 2300kmsswathvwgdschh almeh 1 D6
spati al AG M&| ati omdéfrchandék@aRs 8hakmel 1 7s 16Kk

et 2a011.4,) .

3Met hod and experimental design
3.1 Method

A basiby tweo conting@enwpstgbher §éTatdl ¢ o cal cu
(Bl AS) , Frac(thSS$) ,skEqduUi tSacholree Thr eat Score (ETS
(POFD) , Probability of Detection (POD), and F

The BIRMAS1ge: 0~b, ,Pewhiech measweresl)t he rat.i

forecast evenbob bbséeheetfiregqarnsy i s defined a

") 3 (2)

oo
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The FR8nge:

nei ghbor hood

Fractions

Wh e Ne& s

f orecast

t

h e

f

100km (25

FBS and

The ER&SnHye3-~1,

S

&3

Brier Scor e

0~1, Fenrtfreocdtu c & d o rbey:

3p —— - 3

(FBS) i s presented

&" 3-B

number of

ractions of

0 O @

Rloober t s a

verification met hod. The FSS i

as

nd

S

al lFognkBirdr ot hes obeet hat

t h

grid points).

given as

06 "Y - B

correctly

where R

S

predicted:

e sliding window at

TEB9r afeprremseat Fraadtaira

O B O (5)

Pertemputse®rehelf)hraction

%4 3

the random

f orecast

(6)

(7)

of

coefficient,

The POFange: 0~1, mearsfueg ets dd srcag:i mid )nati on:

Similar

event s:

t

(0]

0/ &$%$

t h(eR aPhQyFeD ,

Ot ~hle,
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PHOoIwise ¢ th es cho it e:
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The EFERRnge: 0-~1, imdrifcaadtessdadree:f r@)ction of the

occur :

&! 2 @anmy
To compare the model simul ati ockmdmobdelwi ghi d h
interpolated toOdbLdlegaeeongr dathbhaswedhon | inea

3.2 Expdereismgmt al

Four-monkebdng experiments wédhe cCdmductxepdr ( i

carried out first with an initial ti me of 00:

was applied on the D01 region dfe tDMAe exyptep u tme

mad e us e of t he assimilated DO 1 and t he DO 2

condition and made aThBeé DArexpeti memt awér e

t i me wi ndow of 3 hour s: (1) I aticooghvehei acroalv
observation data onl y; (2) an ATMS radiance
data to the CONYV,; and (3) a Crl S radiance run
t he CONV.

The accumul atiendt epgrreactiepdi tfartonon06 to 30 h and
first-f o-weat yaccumul ated (F24H)f opbroeucri pa d cau mwlna

(L24H) precipitation, respectivel y.

op
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300
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4. Resul ts
4.1 I mpact of DA on tome fsopreetciasslt fi el ds of pre
Figure 4 shows the spatiablowpratdecunmuwlfattdde pnr
in July 2015. Mont hly mean prtwopihagirandi ert
predicted precipitation tihne tThR, cQad 0dhfaA EBaansis i o
39AN)Tarim BAAEM2ANAA and JuBOdEr4A8BNAI nwa(s8 &/l
s mal | to be measured (Fig. 4 a, c) . It was f ou
mm, whil e the L2f4rHo ni oG .e(c atsd s2F.asvgmmd per mont h
the Hi maPaAESS5AMNAIA was found in the spaeiab di

the Fiaursetadnding for the F24H, (at)h ewafsi rdsutr idnagy

peri ©6: 60 1°0UTCy to P2E6uwbMdUTId nally ended i n tl

UTC'Maly to 0% W0y .UTTChe3r0ef or e t he (ad)i f@dedr ®eart v

be expl ai FedQutdeahMowshet mebske? 4Ed mont hl vy me a n

precipitation of which the computi nga.)plrhecess

CTRL (Fig. 4 b, d) mostly simulated the mont hl
and southwesteorlirmrtmaugi medtfveehet he HiIi mal ayas i
Mount ai-nG3 AEBR2ARMA in the east. The difference
observations (Fig. 5) i ndicated that the CTR
espeéyi aln the southern and southwestern margin

from 500 to 3000 m. The +ARKRWUImMosd e$ u dhgaess tleidmi tt

ocC
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simulating the precipitation in moonbéi poesi a

studies (He et al ., 2012; Xu et al ., 2012) .
overestimated (colored red) in the upwlimd of
contrast, the precipitiahioh tleumnmadienkgsddtmal ed
di pole structure. This pattern results in a n

Thehree DA exper i nehnet sasisndmniclaatteido nt hoaft satel | i

calibrate the rain shadow effect and all exp
patterns, varying from 8 to 10 MThme abwert altlhekb
statistic97vy nmm@ORO0I 86 Omm) , 0.52 mm (0.70 mm),

(0. 76 mm) CTRL, CONYV, ATIMSe awmadl uCeRsl Si nr ebsrpaecck @ tv

L240hi s may be attributed tARW hheavp mys iacnal i npaa

descriphowncover over the plateau surface mak

(Mar teetaual . 2015) .

Figure 6 shows the spati al pattelnsanadc ctolr @ i
scatter pl ot s, i n which montthHrye smheoand 24s hderfa
fevent o. Rainfall events occur over most of t

(BOAAE28ANA where the elevatdioani bel wekt phart
~8l%hits (AG acnodr re€¢tecti ons (D) in the major.i
alarms (B) were spread mainly in the east of

Hengduan amwent ac atsed, 11ad6 c omhntlien g hfeormi~s7s es ( C)

oT
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342

343

344

345

346

347

in the aiesteshempiher TP andi6%cclotuhs eal fmrewibder
di pole pattern in the distribution of the hit
l' i near regression | i nlesod&k(sh obitedt d¢ & a ehwh elrihmr eese) ,

experibmenthsas mprecepttameon event forecasts t

CTRL and CRI S, whi |l e CONV hasThée8dB% weisd h s i

percentaqge of hits and corrddt erveejnd st iaones weev e

Further mor e, as the false alarms were primar.i
mi sses i n the west, t hiARWs modied | rpatutcer modan
future which-ARAMNM MoatelH pthoWIREI ng potenti al in T

Fi gur e 7 s hows t he mont hl vy and domai n ave

di fferences bet ween the four experiments for

f orecasts. The ETS, eE$SSneanmndg POR vdahlreashodld| i

for these three skil!/| scores i ndicates a bett

hi ghedg ttFi7BS SE(TER7aand PBDag.) CONV performed si mil :

i n ETS an€@RFSSpemhdr med the worst. However, a

mostly approximately 1, which indicates the b

other expPpbr owmghs ¢rhme tilhr eshol d, CRI'S perfor ms

(Bl AS1l) , but it evolves to have a bettigd perf
mm t hreshonldd PGFRRI t s i ndicate that CONV perf ol

by ATMS and then CTRL and CRI S. Howewvms , b £OtD

oy
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358
359
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364
365
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(1 is perfect) and CONV is worst. The differe
the purpose of the verification, and the resu
di fferent question weewalntts troe falnesovmtert ha@OtveDA |l h
reproducing the monthly mean precipitation i

degrees.

4.2 I mpact of DA on the tempor al di stribution
Anot her measure oa&dmiprefbowanhbe dailp pxeci |

di stri butlegd c(akhi gh.e 8s)e.emfi rFi tadhhetbditeaBrben odbesreir ev £ d

heavyi evahBm®d/ dayni npeer oBiBB-101Bl@nAR2J u( Fi g.

8al menetrh&el 4aHmo u n t of ipgwen @sitmihéhtolelle x per i ment s
by 20%, &8Wwd or CONYV, AT MS, a n bth coOnsl t&ff hdehewypect i v
ra alflper i o8ilseyenmns | Wib] NBf 6an@pP25Julayender es(tg rnmeayt ed

shadiTmges )L24H (Fgo8rbshawtesl a sj) mekeeppatmacmmt her

smal |l er di ftdrerendhaxreamMAnge xperi ments compared
F24H forecast-dawppeaer thg ehéect compared wi
forecasts calculate the c3hubatrve@HBpieckepasat
reprtestelded 3hGur cumul ative precipitation forec

ar e contshade COBINue edxparccapntur ed t he accumul at

precipitation much more accurately (trheadn |tihnee)

o
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performedl|ltheéswosstl to define the amount o f

precipitation as heavy rain and rainstor m, re

the TP indicating that t5htke nmnysr eoff ew e(cormliy aa

0.3% of rain days) (Wei et al ., 2003) and ref
al . | 2015), the heavy rainfall threshold was
t hi s Asst untegnd | aalmo v e, t he 2 4ashurppraescsiipnigt a20 omm mnearx
the main precipitation region, showing that t

coincides with the threshold of heavy rainfal

Al t hough pireesviaonuds osutrudr esul ts show an obvi ol
in the TP, theder eplueamtgertoebbainlt s (Fi g. 8). T
the forecast c a piatb hhdeiatviye spfea fj lotviee f n@ dilsé&ayv yo n
rainfal l-5)wlryi od of 3

Figure 9 shows t he rainfall intensities (
precipitation. The cumul ative precipitation (
for each 3 h st ar3t6i nJgu layt. OF6:00m0 tUhTeC pdewrsipregc t |
rainfall event can be divided into three per.i
with I ess than 0.45 mm per 3 h, foll owed by t
UTC dmulb, with the first peak at 21: 00 UTC o
third phase started at 03: 00 UTC on 5 July a

rainfall pul se around 21: 00 UTC on Bidaoglyl exc
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407

evident that this rainfall event had a signif

al ways occu2rlr:e0d0 aUT@38(:0000: OBST) . This diurnal va

especially when the heavyqmuaivmafl &Inlt doc wervreend ,n
(LST) . However, the simulated9maxi WAIMB54A@a WD
LST) , earlier than the observations, and can
topography. | nedt hri asi ncfaaslel, isnitneunlsaitty was much

during 09:00 UTC on 4 July to 00:00 UTC on 5
5 July when the rainfaldl occurred. That i s, t
suddeuwr roecncce of this event. Mor eover, the ~cu
overestimation on 3 and 5 July compared with
of the CTRL are far away from the meadsturceadn vbe
concl udeldAetxhpaetr idideeat sar e cl osedut b hhgehaevayo b § at V a

percdomdpar edCWRL hexper i ment

4.3 I mpact of DA on circulation and water vap
According -mentihenedoaowrwadgat st hat Daduirmpnrgo v e

t he heavy baitnftalel rgedmri adBenm rki fnfoegr ent data se

i's well known, adequate water vapor transpor
formati oemct ilon,t hwes wsatsemu ssaipo5J usluyp pclays ei ns ttuhdey , :

aim of determining the reason for the differ

nm
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schemegure 10

vapor f

u X

component

of (ws pdcivieil B it mhi

shows

t

(Ve ulzyos)a |

he F24H

forecaswat eorf pr

derimpopmaenlto caft ye ( Udli ona

acdiotvvar i anedee,d whoirc h

fl ux

comapmue aprn ewniggchedd satandanfd0opPpPOesd92b5e5B680Yel §0

400, and TR0 ehdfalumint

si d

e |

ength, vertically

|l evel and the top of t h ea tanhonsopshpehreircé | vaartde(ra mved [
kg*¥md) c awr ibaesen
P 18 1o (11)
The zonal and meridional component of wvapor
1 - NOABD (12),

an d 1 - NOAD (1.3)

Where ps i s the surface pressure and p i s
the gravitatiorhnl constant ( 9.8 m*s

The water vapor fkaogZRhk®igvisiregnerbcye (D, unit:

$ +— (14)
where a is the radius of t :ries moalteil t uedaer t ihn
andi s |l ongitude in radians.

According to observations, warm and humid
Bengal eastward by the sout hwest monsoon. The
warm air, and this rainfaldl evemt3 skuwlryt adred etlt

nH
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444
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rainbelt runs southeast to soutibweautl yandodpae
t he obser vaici)onwsi t(hFingo.delQfar) e s ulhtes s(iFmnugl.at®@d p
considerably | arger bteioam et hdheotheanvwed aomf&al Ju

on this condition reverses. For)tate Ohéf EMTRIOC

observations, the main water vapor flux dive
rainy omneg3d odul vy, which indicates that the wa
observed, inducing the overesti mat i nJ u lHy,wetvhei
condition is opposite. The water ohypeorvad fWwaetr

vapor conveyance from the southeastern of t he
induces inaccuracies in the forecast of the I
for i mproving the heavy rainfall forecasting

To further di scuss the effect of DA on thi

simul ated F24H pbeerpedatdicn FEddtiklbesaoded het

wer e considered. From the spati.al 11dai,st dj b wt,
overestimated the precipitation quantity, esp
FSS skill scores all ranged (Mboothefmt4d6 nt d&-i@. 4
When htelaewgi nf al | event occurred on 4 July, t he
11b, e, h, k), whil e the simulated rainbel t
sout hwest. The FSS scores for ATMS, aonV iaand
Fig. 11m), but CRI'S only scored 0.36. As the

no
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467

westward movement of the rainbelt andthhe i nt

precipitation experiment spraelcli punddri eosnt,i naantde dC

pacwliarly badl)lHowEver, 1B8TMSfhad a substanti al

(right i n Fig. 1@6n) 45)X o&(hOd. WIEGNYWh iCRI SCTRL onl

Thiresiundi thaes DA deard i mprove the heavy rainf:

analysis of LFiigturies 9clasmar 1t hat before the he
simul ation of precipitatioheampsitnfadllly. d&we ltoi
especi AMTM$ whei milation, can enhance model p

t empoirmlicdompar iCToR&EX pietr.m mtemé

5. Summary and discussion

I n this study, we wused diagnostic methods
precipitation distributi omneovieaaviytaes @alkhyaart d at
occurred5Juloyn 301 9. The DA and NWPowema&epeéhtko
weat her forecasts. The spati al di stribution o
shadow effect along the Himalayas and that t
However, the simulated pndeaiapidt actoinoppnarleal twi wa:
rainbel t and showed an orographic bias descr
mountains and an wunder est iAssanlation of sateflite tadiamce s o ut h

also can not calibrate the ragihadow effect and all experiments showed consistently gross

nn
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487

overestimation patterns. Furthermateseems that the rain shadow mainly influences prediction

of the quantity of precipitation, but the main rainfall pattern can be well pred@tedparisons

indicate that the WRIARW model has promising potential, in that the false alarms are primarily
predicted in the east of the TP in contrast to the misses in theTwlest. DA v al i dati on
al so s u ®Aleas & pogitiieaetfect on monthly mearegpitation prediction in the TP
compared with the CTRL to varying degrees. For the time series of monthly precipfagos, H

and L24H padieflg overestimate theoamount of precipitation, which is in agreement

with previous studied) utthaem u o 2 ©hpr ec i pintheeh theamrvayi pfea liold d s
31518l 6andP2Juignderesti mat ed.

To further study nthtehaewundreaiest almatewaeasts and
WRFARW model and GSél ©At ednpa c ¢t a sbay editgsuedident f r o m
that this rainfall event had a significant diurnal harmonic and the maximum precipitation always
occurred at 18:0®1:00 UTC (00:0003:00 LST). This diurnal variation was remarkable,
especially when thheavy rainfall occurred. Although the model can not promptly quantitatively
predict the sudden occurrence of this rainfall event, the DA, especially the ATMS simulation are
closer to the observations for theavyrainfall eventcompared wittCTRL experimats. Overall,
before the heavy rainfall, DA improved the precipitation prediction spatially. As time passed and
the rainbelt moved and rainfall developed, DA enhanced the model prediction abilities both
spatially and temporally |t shoul d bkeemkenghoabtdi thdé and c

of the TP and 1its bl ocking effect on moi stu

np
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sout hwest monsoon obviously influences the re&

some extent ofansdp attd mdo rcaolh erreecnwcrer enc e, it i s
correction method to enhance the model precinp
It i s conspicuous that the ATMS showed bett

in the case d$tavey.i nRlagstatetdudihas the effect of
and satellite products is better than assi mi/l
ATMS performing better than CONV. ATMS al so r
opaque in the infrared wave band of the spect
mi crowave instruments are thought to perform

rainy days, which may expl aindtwe thetCtRerIS. per f

I n this study, we investigated the monthly
rainfall case I n-ARWemd@fPosuscsalng mheel WRE&ENnd t he
system. Moi sture and dynami ce cothdd yt;i olmewewee re,

conditions are also one of the direct factors
future.
Further more, although the Crl1 S were assi mi/l

the gener al tDAveelfyf ewdr sies croenhtpaar ed wi th the ot

1305 spectral channel s, some of which are re
observations from similar altitudes and cont a
t heorpoDA I mpact. It should take the priority t

nc
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resol uti on channel s. On t he ot her hand, t he

conditions increase the diffnlcwlby odr rsyilrgtao
research on bias correction, guality control,
an efficient role in TP weather forecasting.

I n addition, mo d e | resolution and fpatamst e
affecting forecast quality. | n osteh i hsa vset ubdeye n t ahy
in previous studies of the TP. It would be wo

parameterized schemes witthlre Hiughiegre. mddieglt hee sno|
noted that due to the heavy caVamulad itome baig giel
met hod. Ot her advanced as-¥Yamj |l dyboindteahdi oK

to be tested.
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