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Improving precipitation estimation in mountainous west region of United States by incorporating
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1. INTRODUCTION A. Physically-based VPR model: 3. RESULTS 4. SUMMARY
Reliable ground-based radar measurements are essential We introduce a physically-based VPR model to connect Ku-band Case: 087 on 28 Feb. 2010 Q In this study we demonstrate the integratiop of the .TRI\./IM
to accurate quantitative precipitation estimation (QPE) and TRMM measurements with S-band NEXRAD measurements. - - . i PR producjts_lnto the NMQ .gr_ound-based rainfall estimation
quantitative precipitation forecasts (QPF). However, there Q2only @ =Q2-TRMM z = systemtofill in gaps with existing NEXRAD radar coverage.
are some limitations with the current US S-band WSR-88D l,«,, FLgur.e 2”. Tge pzr\a/gztersénl o ................. N S — | . o S e | e QO We analyze five events occurred in Arizona region from 2009
- P ySICa y- ase model. M. i S P . 150 355k \ o - P d é 160 —— g 3 .
radar network (NEXRAD). For example, atmosphere | by . e =8 e el T s to 2010. The representative VPR is derived based on a
- ( ) - . P P — 1) hr: the top of the = it | o SN S Sl N s [ ]S 4 hvsical model and from TRMM VPRs
surveillance at low level is insufficient at the far range. Density factor : orecipita M E R £ nE £ el e WS g LIrE ‘ pnhy : |-
. . "~ e 0<=D, <1 2 i = 040 £ @ — AW . vl 0.40 3 : i
Radar resolution volume might be within or above the , : interface between solid and o AN om " el i, RS, | M < d With Ku-to-S band and radar beam adjustment, the |
melting layer, leading to over- or underestimation of = melting layers; 3) Ahe: the g F e ol -l S EEEEA b0 representative VPRs are used to correct the ground-based
orecipitation. In addition, beam blockage exists in many rgﬁgg ;?tﬁ;;g:c\gs?ﬁg) _ 2l & I 3 X 4 rainfall estimation. Results show encouraging improvements.
mountainous regions (e.g., Mountainous West of US). slope G | between 0 (light snow) to 1 J longitude longitude Challenges:
Ground-based radar QPE in these regions could be larqgel ’ (hail); 5) G: the slope of VPR %5 () i Figure 6. NMQ Q2 1-hr radar rainfall . . .
d timated : ey et "7 inthe liquid layer. 3% [ Stage IV 0 accumulations ending at 08Z on 28 d Mismatch of spatial and temporal resolution.
undaeresiimated. ww - Feb. 2010 (a) before no VPR TRMM PR MO 02
_ AN || B.Lowlevel correction based on VPR: ¢ o 2 | Comecte i) -
X ‘ 4 ; . . . o . “ ggg 2 (c) d1' Sl rfll(;g;” fro;r;a ?:tagezlc\){l gat/e\l/ : 4.3 km (horizontal) and 250 o e Per sl 1BUIE (0
B B ‘he iy L Step 1: Precipitation Classification e | endinglatieZoneE Rt I Spatial Res. meters (vertical) same region update only
T IR S g oo use Stage IV 1-hr rainfall product as A several times
-l e 5 | . — oo a reference to evaluate the VPR :
e | ! & | AR, B.ecause of |al’ge o= 145 114 -1135 -|1c1)3n-11i21i-(111é-111,5 A11-1105 ’ correction performance. Temporal 1 km (horizontal) and 31 ~ & minutes
REE N SR dlffrirerllC?S btetweefn the oo com : Res. levels (vertical, 500m-18km
¥ L B vertical structure o P
A e AR convective-stratiform 5 — O Large physical variation of VPR, even within the same
TerrainBackgrlJur;d[x;lJlJm] N ‘ N ¥ " I preCipitation, we ~ [gSetom 2_TRM 1 | Storm
e §300 BB | FaNs): | segregate the two types _,—T I £ TR o
Figure 1. (left) Effective WSR-88D radar coverage at a constant height at 3km of precipitation first. o T ngte " - ] = T he hw = Ahe Dy |6
Above Ground Level [from Maddox et al. (2002)]; (right) DEM of the state of | ~ e £ e 3 . B
Arizona. It also shows the sparse distribution of ground radars. LR procipiaiigiiiegelassIcation: PRl R e
St@p 2 Representative VPR gm b ...... ......... .......... ......... ........ ] H H | ‘ } ] ‘ H ”ﬁ | - Wmﬁﬂi _
. : . . == S band VPR 174 SO UG S SO 1751 SN SR SN SR S Pt — e | =
The Tropical Rainfall Measurement Mission (TRMM) We use physically-based VPR model to find a — ku band VPR . e S
Precipitation Radar (PR) measurements provide seamless representative VPR from TRMM VPRs. (Figure ° ' C iage et e T Smgal o ral me Figure 8. The histogram of the five VPR model parameters in one storm.
regional and global precipitation information, which can be 4. An example of representative Ku-band VPR | | | Q Topographic effect on the VPR
an important supplement to the ground-based radar and its conversion to S-band VPR ) Figure 7..The scatter plot of (a) before VPR cor.rectlon radar 1-hr rainfall . P - -
. - : — accumulations vs. Stage IV QPE; (b) after VPR correction radar QPE vs. Stage IV __ et L
observations, filling in the gaps of NEXRAD network and ( ' 7 =y :
, QPE Adq o B e . . i 3 5000 %" 40
' i i i i ] . “05 05 10 15 zo 25 9o s 4o 45 s0 Ly e l T
Corre_c.tlng_/lmprovmg _rac!ar measured verhcgl profiles of Step 3: Apply Correction The points in the green dash circle indicate overestimation of radar measurement b ARl :
precipitation. The objective of current study is to enhance T P ——_ A caused by the bright band contaminant. The purple circle indicates the pixels where N
QPE by incorporating TRMM PR products into the els'm“a et. © ?p‘ﬁl{ﬂeg nF tmm R g an radar beams sample the ice region. After VPR correction, the radar QPE in the two
NEXRAD-based National Mosaic QPE (NMQ) system. This A — S [ cree Ao Pothimprovecinaistatsncal results SIgEgie N ol S T e B .
study also guides us to apply the to-be-launched Global 2! Sl 'b el D e S N Table. The five events’ statistical results of radar QPE (before and after Figure 9. An example shows the characteristics of melting layer depend on
Precipitation Mission (GPM) dual-frequency PR to improve *E\\ - ‘f ? | correction) compare to ground rain gauge measurements point to point. topography.

the QPE by future polarimetric NEXRAD network.
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[ Other factors: season, precipitation types
Iy Events oo Resenis AR SE P

Before | After Before | After Before | After Before | After

2 PRELIMINARY STUDY . 5 ........ R i A g ......... S £ A 7& ........ — ........ AR o e om0 [FETEREPTY 5. FUTURE PLAN

Normalized VPR

e e — 20091208 |0.20 |0.46 |-39.52 [-12.58 136 |[1.00 |239 |1.55 3 Analvze 10+ vears TRMM PR data. Quantify the VPR
Our preliminary study focuses on the region of Arizona, ] R 80 km 1y c:haerlc:teristic:sy for different precipitation t esy seasons
Constructing representative vertical profile of reflectivity Ziguarreegi I(I:S(sj,t[ii’i(;r{/c;f; physically-based VPR model (black line) and an 20100122 | 0.09 0.18 |-8590 |-51.05|4.27 |[3.10 |6.25 |4.59 o P P YPES, ,
(VPR) using TRMM PR measurements to correct the e ' 20100228 | 0.71 0.72 |29.55 |13.87 |244 |1.75 |[398 |2.54 aD | ' Sy 4 VPR 6 thod _
NEXRAD-based VPR measurements, and thereafter The VPR corrected reflectivity, Zc, is obtained by: _ : SVEIORE ' Dascu gy COMTECED IS
: 20100307 0.11 0.19 16.93 5.09 0.97 0.98 1.89 1.81 Iocal representatlve VPR Instead Of global one
improve the NMQ QPE at low atmosphere level and/or Zc(x,y) = Zobs(x, y)/p(X,y) '
regions affected by the beam blockage. ’ ' ’ -0-27 0.34 |-3823 |-21.09 |2.64 |215 |450 |[3.93 0 Develop VPR model in the dual-pol/dual-frequency

\ / \\ p(x,y): Apparent normalized VPR at each pixel. / \\ / \\scheme to accommodate future needs. /
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