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Quantitative Precipitation and Estimation
Using Multiple Sensors (QPE-SUMS)

The latest technology in rainfall estimation

Researchers at the NOAA National Severe Storms Lahomlory in Norman, Oklahoma study a wide

variety of severe her. Challenges in estimating precipi type and due to mixed-phase
sampling, improper Z-R relatmnshxps. pon-weather - echos, and beamn blockage in the western United
States has led one group to gate the computation, analysis and display of high-resolution radar

data and radar-derived products to achieve accurate rainfall and snowfull estimates, The result, QPE-
SUMS, uses a multisensor, physics-based approach to estimate precipitation type and rate through an
optimal blend of model output with high-resolution radar, satellite, lightning, and gauge rainfali data.
The outcone of this work is high- qualny input to hydmloglc models for national and international flash
flood forecasting, new data interrogation products, and innovative data integration technigues.

« Radar Data Quality Control

Radar reflectivity data must be corrected to account for
anomalous beam propagation (A), ground clutter, and returns
from non-weather ecﬁoes These contaminants are removed
from radar reflectivity maps upon examination of vertical
reflectivity structures and velocities at each grid point.

« Bright Band ldentification

Radar data quality conbrol bafore As frozen hydrometeors fall through the melting layer, their

and afler correction cross-sections often increase due to aggregation and water
voating. This in turn results in an amhually high Iaycr of
reﬂechvn) that is known to ¢ radar precip

estimates. The Bright Band ldentification algomhm has been
devised to search for the melting Jayer and uitimately remave it
from precipitation maps.

PAYOFEF: This feature prevents conamination and
overestinarion of rainfoll rates,

* 3-D Reflectivity Mosaic

Al i A 3-T3 volume of reflectivity with a horizontal resotution of
sem?m from and ona tme Tkm or less and at lcast 21 vertical layers is produced every five
indi ent, vertically-pointing minutes, Reflectivity duta are converted to Curtesian

research radar. coordinates using ap adaptive Barnes interpolation scheme.

Data from multiple raclars are then put into a mosaic on a
common grid using a Cressman, inverse distance weighting
technique.

PAYQFE: The 3- 0 reflevtvity ngosiic provides better vissadization
of storen stricture and improved vadur-derived products,

« Convective/Stratiform Identification

Differing drop size distributions that are a function of
geography, season, storm type, and storm lifecycle result in
both under- and over-estimation of rainfall when a single radar
reflectivity to rainfall conversion (Z-R relationship) is applied
to all regions. In an attempt to minimize these Z-R errors,
QPE-SUMS utilizes a convective/stratiform identification
component. This module segregates convective from

Verticat cross-section of reflectivity on a
composite reflectivity layer.

national severe storms Iahnramrv

E3-1-9 QPE-SUMSH A
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Radar refleclivily image (top) and
conveclivelsiratiorm segregation results
{bottom); Red indicates convective .
regions and blue indicates stratiform.

Precipitation phase product using
RUC-2 mode! OC heights

QPE-SUMS uses a mosaic of radar
data based on the best available
coverage above ground.

stratiform echo on a grid point-by-grid point basis by examining
reflectivity magnitudes relative to atmospheric thermodynamic
properties. High reflectivity at cold temperatures is suggestive of
convective activity, Such grid points receive appropriate Z-R equations,
while stratiform grid points are handled differently.

PAYOFRF: Alhnving differontiol 2-R o cach gridpoint of dati allows for a
prere physicully-based vadar veflectivity. ta-raintall conversion.

Precipitation Typing

Recently, analyses from the RUC-2 model have been integrated into
QPE-SUMS in order to assist in the segregation of frozen, liquid, and
mixed precipitation. 0C heights from the model are ingested hourly and
compared to terrain heights at each grid point. This information allows
QPE-SUMS 1o adjust its precipitation scheme to accommodate different
precipitation types.

PAYOFRF: Ldvatitication of the raindsnow line sipplies sitial vonditions for
fivdrodogic modeding, supports suons teniswal operations for transportation
pasposes, asd assists i witersdred putageaens,

Hybrid Scan Mosaic

In the precipitation estimation component of QPE-SUMS, radar data are
combined into a mosaic depending on which radar provides the best
coverage above the ground. This mitigates "below beam effects” such as
evaporation, phase changes, precipitation growth, and advection, This
hybrid scan look-up table is also adaptive in the sense that radar
coverages change depending on which radars are ingested on a five-

basis. For example, a given radar will cover a larger region if data
from an adjacent radar fail to arrive on time.

PAYOFF: QPE-SUMS exploits the ovedlapping eegions of ndiipde radars by
sising the Best iuadity deda for any gives poit.

7

Muitisensor QPE

The most distinguishing characteristic of QPE-SUMS is the real-time
calibration of satellite cloud-top temperatures using collocated radar
rainfall rates. A regression equation is formed in real time that describes
the relationship between satellite and radar rainfall. This adaptive
regression is then applied to the satellite field so that realistic
precipitation rates are applied every five minutes on a 1x1-km grid.

PAYOWE: More accovate previpsation estmtates are vital, especially in fie
cool seaserni where radaz-enly estivier are Kuewn o be problemotic,

For more information contact

JJd Gourley, jj.gourley@noaa.gov
hitp:/iwww.nssl.noaa.goviteams/western/gpe
1212001

National Severe Storms Laboratory + 1313 Halley Circle + Nomman. OK 73069 + 405.360.3620 « hiipJ/fwww.nss!.noaa.gov

B3-1-10 QPE-SUMS# /A (4)
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Greater Cincinnati Metropolitan Sewer District
Mill Creek Sewershed Averages for
2001 Radar Rainfall Events

i

—

st

High resolution NEXRAD gauge adjusted
radar for 56 storm events provided input
for calibration of the System Wide Model.

o RN ;
ux&associates
G'S'H)’dwmffv

Radar Rainfa

WA LD SO

B 3-2-1 Vieux and Associates# % & £
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Tar-Pamlico River Basin
Distributed Runoff
Remnants of T.S. Allison

Dixcharge (cie)
o800

600 - 1800
$#008 = 15040
1600 - 2008
20008 « 2600
2500 - 3000
00U + 400D
4008 - 500
5000.- 5000
8000 - 7000
7000 - 9600
2000 . 8500
2000 - 10090 |
» 40008

000600 04i0

Thu Jun ¥4 13:30:00 2001 EDT

B 3-2-3 #Vieux and Associates A B 4%
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_.' Radar %ainfaﬁy

» WWW viauxinc.com

=
ux&assoclates g

Know where and how much runeff to expect

Land cover

Physics-hased

Efficient

Fast

Scalable

GIS overfay and paramaters

”> & - & > >

Radar/multisensor input

Turn your GIS data into a real-time hydrologic model

Vilo™ provides the highest-resolution: most
advanced distributed hydrologic modeling for
managing water from catchment to river basinscale.
Improved hydrologic modeling capimlizes on access
1o high-resolution quantitative precipitation estimates
from model forecasts. radar. satellite, rain gauges. or
combinations of multisensor products. Worldwide
digital datasets offer tantalizing detail, which Vilo™
utilizes directly at any resolution. The model is
implemented in Java™to take advantage of secure
servievapplet technology for multi-user access,

The advantage of physics-based models is that
they can be setup with minimal historical data and
still obtain meaningfut results. Distributed models
better represent the spatial variability of factors that
control runoff, and therefore are mare accurate. Finite

element solution to the kinematic wave equations is
the most efficient solution allowing large systems to
be solved quickly on a Windows-based deskiop
computer. Days of simulation can be accomplished
in just minutes or seconds for large river basins.

Model input consists of rain-rate maps atany
time interval from radar or multisensor sources. Data
input for this model, besides the rainfall input. is
derived from various commonly available sources of
digital data. Parameters include topography and
drainage networks derived from a digital elevation
model (DEM). infiltration derived from soils, and
hydraulic roughness derived from landuse/cover
(Landsat). These parameters may be input manually
or via ArcView grids.

B3-2-4 Vflow#t X 5/
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%y A Real-time
Distributed Hydrologic Model

AN

Vo' Features;
*Easily extended to ungaged rivers
*Parameter input using GIS data sets
*Efficient simulation (days in seconds)
*Finite elements based on digital terrain
*Meaningful prediction without calibration
*Radar, rain gauge, satellite or multisensor rainfall input
*Forecast flooding using detected and forecast precipitation
*Scalabie from upland watershed to river basin using the same drainage network

REQUIREMENTS

Hardware requi ts, software perfo and mode resulfs depend on user determined
configuration. Technical specifications provided are general quidelines based on tested configurations.

Data Soll map Processor Pl 512 KB or greater
Landuse/Landcover RAM 256 MB/512M8
Elevation SVGA display 1024x768/ (24 bit or
Siope greater)
Channel Cross-sections CD-ROM drive
Rainfall (NIDS, QPE-SUMS, Rain Gauge)
Serviet
. 08 Windows2000 Server, SUN. or
Minimum/Recommended System LINUX
Vfio' Technical Specifications Server Enterprise Application
{ 7 lysi OS Windows2000 Server or LINUX
{based on a 0.0(Jceu analysis) INTEL PIll 512KB /INTEL XEON PIll
Desktop Application 900 2MB RAM
0S8 Windows2000

For more information, contact us at: Vieux & Associates, Inc. 1215 Crossroads Bivd., Suite 118
Norman, Oklahoma 73072-3359 USAPhone: (1) 405-282-6259 Fax. (1) 405-292-6258
www. vieuxinc.com jv@vieuxinc.com
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= AERHEAS
(—) #FBaxter Vieuxid +

AR E B %3 BT %3514 dBaxter E. Vieuxtd L35 2 3k (
3-3-1) » Baxter E. Vieuxti 4 R AT HEXZRA K E T OHAT
E O BEAKRX - FARLAZAFHERTEERAZRHEREL > BATR
A5 B Vilowsg &, -

Baxter E. Vieuxi#i -+ & ~Vilowx 3 £ 1285 - B X BZHAEY
WEGARL  BFERAFROBLEHN MTHELATLANE
R ABAELRLBATMETARAN LR HZE
RER R HRAARAT LRGN YRR T ERE > BEK
TERNAKEZE > ETREIL - Bk > A5 45F 3] @&Vilowst
Ko EANARE 2 E RS E RITEE R B Rk R

BATVAOWH X ETH AKX ERARELAREETRA KR ZR
FPRERLE BEALEXGERRARZSIAERTH  BHAS>H
AAXBXEEHE Pz EE  TRAA-SAREKAL A
#, - Baxter E. Vieux# +#1Z A RVAlowBE X4 F R ey TH#E AT
FlEAZHE BRI PHBEKAELL - MEXETREEANE A
By IEARE - A A Viowsr 4t 2 K SUTRRIME A T2 L&t 2K
B2 wSOBEKA BHBAK T REASREE - 18 Viowsk R
AERLEABEME-
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(=) BREEBEKRETRETE

feBaxter E. Vieux# + 2 # 3% » Wy Bl A L5 B R EHE U &
#KEREHE (Water Resources Management in Taiwan) — %8 5
oo B L BT - FUE T RRITII M K E R R S
BERA ARG L BB AT R EILA 257 B K
6% BoK A AR AT B RIS B A7 & M TR 8 19 Aok
% bk~ AR ~ BAKRIEK -

BEABHNSHELEN2001EBAEH RS > MENIEE
20025 A S FRE R TR HN SR KT REE y R T
MREEMELERAIAERIR BIHNGEE LA KLAKE
P A A B el ey A4 S R A BB E LR AR AR
B E (A KBS EAAMPE RRAHN T AEE ELBE o -
ABERE  GHBANEAFATAM - e ——4% 4% -
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The University of Oklahoma

INTERNATIONAL CENTER FOR NATURAL HAZARDS AND DISASTER RESEARCH

November 19, 2002

Miss Chun-Ling Kuo

Water Resources Agency, Ministry of Economic Affairs,

IOF, 41-3, Sec. 3 Hsto-X1 Rd.

Laipet 106 TAIWAN Republic of China

Dear Miss Chun-Ling Kuo:

Fam very pieased to tnvite you to visit the University of Oklthoma. We will coordinate visits
with organizations aad agencies of interest to you while you are in Norman, Oklahoma. 1

understand that you will be arriving on December Y and departng oo the 5™

We have arranged for vour hotel and teansportation to and from the airport located
Oklahoma Ciny,

Sincerely,
- Professor Baxter I, Vieux, Ph.D., PE.

Director of the Inrernational Center tor
Narural Hazards and Disaster Research

710 Asp Avenua, Sulte 8, Normen, Okishoma 73080 PHONE: (405) 447-8418 FAX: (408) 447-8458

B 3-3-1 Baxter E. Vieux#$ - 3% &

25



B 3-3-2 #iBaxter E. Vieuxk &4 %
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BE-NARRAABENATRA

— 28 A BB R & #HFAR £ o (National Data Buoy
Center)

ABBZEMEFRT© (NDBC) #ENLBABRREEFEARA
Z (NOAA) BZEA %A (NWS) » RABME TN FRAEHILR
SEMNAGZER - LRAREEMHIR P CBAMBERERHERS
FEXOFR - RFANFRRALBAA L T EARALABR
REE > REIGHEMHEANRLE RERAIRLEZHE -

ABEBRERNFR P OXFRBAH LS KOs BB hyE
B BRPFARGCREE  HAAVBRMNE  BHEHaHER B
FrEHEm B LA BEF LR c FRRRETHIFE P08 ATEN
##ET73ME % %42 (buoy) R60MEt 2 #pss (C-MAN stations)
(E4-1-1) AR EABRRR - FOARR - AREH 2K
B AN L RBRBERAAE FRNER SRR DRERERES
HBAMZ FAERE -

BTHBAEFTER - SHIREEREHAEIHZ T4F
FEBEEHEFRFCRARBOE  TEG -RELE - BFELE
THHEZERAMEEAER  AREHF KM% (U.S. Coast Guard)
B ABEREA (USCG) TFriftilindey 4% - 548 £NDBC
Technical Services Contractor (NTSC)#8h £ BB £ B #H#48 # 0
Z g4 -
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AFRBARTHERT AN EREHLLAYE HHRAIR HEH
BRR o EAEnNt REAMLARKETAARETE (Gulf
of Mexico) ' EARMEC A R AHMAELERER - ABHBAZEH
FRT AT RRE A BN FE EEHE 0 BRAE (B
4-1-2) ~ 54k (B4-1-3) ~ EHEEHRM (B4-1-4) - B TAH (B
4-1-5) ~ KFFEiR (E4-1-6) REAMGE (B4-1-7) - Sdduh
T~ RIS - BRAB AT BAMA B BN TR AR E (
4-1-8)  BHFREE TARETE E7KE PR (B4-1-9)
ANEFEREHFRENREGR A EHERAANEE  AHRASR
R RAREE (B4-1-10) RAFBE b4k -
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NWS Marine
Observation Network

> Base 3uoys

£ Resoarch-Reimbursables
W Base C-MANs
& Research C-MANs
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E4-1-5 FHIFAREH —BRERHE

B4-1-6 HEHIFREME — KFEK
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E4-1-9 FHIFARMEARRR
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— ~ 28 R B4 K (International WorkBoat
Show )

EMARRAMOBRE MR CHE -+t wWERF » 20024
RINW+NERE LB S ERBHRBLE  REATRRRRGEE
ITHMEES  RAT M BMES AR RABRARE - AREH
B R 42002412848 212868 > AF LR L RIFASE(HE-2-1)
BFEANLH (B4-2-2) -

THRT RN TR M B s 0 BA R ABE TYOUNG | #
BAKREwRRE  HEFLE (B423 > HNoEI24RE
4-2-5) » B A BB R EHFR F 0% EIFAE R R BRI 2 8]
REGHRLARY  EAMETEE L EEANERE (BL-26) ;
bR BLERGBRIRRE (B4-27)  PHBEE SIS
FéE (B4-2-8) » TREMGEABRELE - Beb2 A BT
BBLR FERBAEALA (B429) REREHFEZ2T o (B
4-2-10) -
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CHUN-LING KUO
ENGENEER

WATER RESOURCES AGENCY
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Mstsarological
Instruments for Marine
Applicatians

From ioasta: work doals 10 remote
Goean buays, Young matsorohphdl
instrumants are proven parfanmes
I demandiag nwrine pppkcitons.

Many cormpsciat and seientifi
BIGAEANAS 138 00 Youry sen-
5025 10 grovice Jncurate data
gy gh the harshest conditions

Yourq instrumenss offar these
Enportant advantages:

* Supentor sensttingy art pertor-
e characlenshes.

* Ruggd, enrensionmeasistant Lon-
SITUCAGN, priung reiabuly in the
OEEAN SACKONTIN.

* Sitmplifud sectuniea and oles:
vt assamily: dasigre loe aass
of iastaiainan and mainfenange

‘WWhien ihe sutcess of your opsra-
i cepends on miladle veeather
PAASUTRIAN, 04 CAN Count 01
Youik) mstruments.

B 4-2-4

Ty, PO M IO, o Corviics PRavie G wey
e St Paper 3k Tunaliby. apus Tinirroins Lanersinty.

W NMariny Tt TR 1% 2 At 09 B
KA Rl BRI Y NI o ¢ I o

Umwwnss, swtany o s e, hhhm‘
Tngonse Awratien Sutneie Satin, 1ugiR. Criol

"YOUNG | z B & 1
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The YOUNE Tippiag Bucket Rain
Gauge wents the specilicativoy of
ihe World Melesrolagical
Geganization {WMU},

Thve design uses 2 prover Yipping
hickat mechanism tar simple ang
elfective ralnfaft weasurement. Yhe
bucket qesmetry and matenal are
specially selected tor maximus
water tefease, therehy (PUCHYE ot
amination 21d errors.

Catchment area of 200 co? and measussment ressialion of 0.1 mm
mest e racommendations of the WASQ. Extensive use ol moided thermg-
plastic componenis
ensutay maxitoam pertar.
mance and valye Leveling
serews and hullseye e
e Suit-in for sasy and
precise agiustment i the
tield. Measurad precipita-
tion s gischasged through
a catection tute for vanf-
& tation of totak raindall
Model 52202 is teatett for
vpyrabivh ) cold lempery-
tiees. An ysheaied version,
52203 & avadlable (o use
i ryregarele Clnates,

TIPPING SUEKET RAM GMIGE (HEATES] .
TIPPING SUCKET RAIN GAUGE (LINMEATED) .
SR ARRE U 54

D TR 1h13) QM- 1330 FAK QL6 G477

VOUNG  Fomsf o sdes @l ome

R VIRING COMPANY
S durr-Par v

B4-2-5 TYOUNG, 2
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B4-2-6 R FEARERIKSE
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B4-2-7 &HRAELE
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B4-2-8 HEHEEIETSE
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=~ HFHERFEELE

Wy RBEEMBRBENEARBRENFR T ofa 2214
AEANGEASZER BRI ARR RAENELEARARE &
BRYE O HARETHIRASME TR KB LAANLEERERS
bR EA S AR EHR B EARASHRBHRRAET TH
THTRAE

LB ENRDASLKFNRBFLIZL > 1983 R 19867 %)
B ALRGEFIFBELIRBEFISM S RABAAGIHERAR
W BEKRIGAL BERRRERSHN -

REH RS LSS (B4-3-1) -

(—) EHAE R A EHBEK

ES FERFZFCBANAE B 44 (Technology
Development ) -~ 4 ¥ @ ( Observing Systems ) & 47 # &
(Resources) - Hiifah % — K> @ ELREFMARE - TRAE
HZRERMBERSER @R a FRABRS I EE - A H
Mo B RS AR AT MARAT - ARBEFEHE
BE SR HBMA0EAEA » B T HFRA B HIFAR R LEHIR
% FRH1I0AR L2 RAER 8 (B Aar£3NDBC Technical
Services Contractor) & h# AW B4 SR B 4 4 0IF TR -
HE-BHAGRIEE T - B KXBEUAFRRHRELBARI
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POz EBEFRAFBRBMLBEAITCEELEAB A $
RAERESHEH  REAER S B2 -

HELTHNAZHERZORARBZAFER P oRBEET
Hi#TRAREEZTZIAFOREX T 5 BR 4R BT HAKSE
PGSR TRASEEIHII EEEREBIHHETEIAF i
3R BRI BT 0 S8 i R BAR R PAT L AR SIRRIE X - TR B
SBELEHRERRGBEHRAL - REZHREBEREALALIL R
FBER KR BT EFEE > FATARRREAE - 0HE
AXFOESRKEZLABARBEZEMNFR P ORE TEREFAH
BREEHIFRTCABARIES  TRHAMGA - AHAIFOZ

R EHEE (B4-3-2) AEARBRREHFR T CRATHEE (B
4-3-3) kFiaE > BB AX PO EEAERTMTEMEKRE

ERFR -

HELRABAN AN BAN A B LK ERESE
A Bt a2d AR EAHAREMEMRISHEIREN > ZBEK
WRETER IR BAETHBERNE  wRERARGHE ZAE
EH2FA -

(-") ’f/};¥4b 'H‘/%#"r

BHERTUERBKENERENBERL — KT H AT
#E: (—) ABLEEH (WRE-RE-AB8 AR -AE -8B
REAEZE) s () ABER (WwABEERERER) A (Z)
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KETFTEH (oER -KEoH BE -RBEE) - B FELA
R ZBH LA TSNP E RIZOEMENETHZEE &
%&A}] F’Ff'fi"ﬁ % —i#%’ M l«/(&/%*%éz@ﬁﬁlﬁz 2] %i&ii,&i@ﬂ’/

A
A

— T —EREGFELCENERE A% BT 5 wiE
BE D (—) FARARMAEY (buoy hulland mooring) ~ (=) 44
% 218 ¥ (instrumentation and payload) ~ (=) # LR 4 %
(shoreside system) & (mw ) 4 ¥ % 4% (operation support) - &7
RMARBFRAS AP r 2R Maa® e 5258 (buoy
hull) & "44% 44, (mooring) $mMEF4 % > ™ TA X HEBHK
BléadE TERE R, (measurementinstrument) -~ T &g ER ~ =
# -~ R¥ -~ 54 4, (data acquisition, control, processing, and
analysis) ~ Ti&4% ; (communication) ~ &4 |, (power) & [ #
8y, (auxilary) ¥F 44 - #—ETHEZ 440 T > F424MM
A& RbB 2 %M EMIisd  BEER A fak—Ex
EOENERNAKELA L - b— T2 % BAFRFTEE  EMTF44

AR RABAF LSRR KRB AR REBALRY R - bk —

BT AR 6 I FAR AR RTAARA T TR ~ %] - RIE -~ @1y
s a9 A MAERER TR AR ER R AR R o
R—EFRAF B T ERNREAL ) R TEROR )
Bl A, o EEFRREERH AL RMETRILEE R EH
AR ETRAEEMEFR - X EHRBIEAGGERR R
RAABVEINEHAZRRMME - R T FRAF S — ARk
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¥LEMERAGELBORTURSG TELRTEAK & "HE
XEERG, c MEEXBRARNCE T FEOHK  DRARGES

(buoy deployment, retrieval, maintenance, and service) -

ERRMEBIRTE  FEE - RAMEBRABFREEHN T
FELZA AN ERE  —ERATHEMNL—EHRFTEZHRL- A
THEAEELENFIRAATRAER AN ER TRAREH#BFER
FER BT RIRARAGANE TASRLH BB RITHE T 634
sho BESETASMEREAAR R — BT EHFE 22
HEBAOTHENELELZLM T RTFREASS BEE2AXE
MR EZKBRPBHEE 2B REASAIT - Bk UEHERBEKEY
BEMT —ELEAEELENIRAATOE TR FEEETA
BEEERYE — AR RH THARRERA AR RN E RS
ik EEEBAE T 0 BB AL REAT R R R AR AT AR AR B R
FRENEOGRE o HEBEARNYET G UET A %R
R E MBS 0 LA T~ HHE

— BRI FE ARG R BT R T ket g
sh EERELET R 6 AR LB EYIRIE o shsh > R EHIFR A et
BRBA M AERM FEEHAELER - FF - Bt Rt
—fE+EtTE ST BFBEALHERFRZA S - b > Rt E S
ARELBATEGBFRELST  FRBREGITES E > QIR E
RAFCEHFRAMRERANEEFREEHWB -
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g ~ 4# Stenni Sphere

R KE#FE (NASA) John C. Stenni Space Center{z # % %
LM JE H AR AN Z R - 19634 0 R AR R AM KT
i Bp A - John C. Stennik Z + Ol ME K B TENASAK
FERANS BE A B RBRALALERBELRT O FERSBER
B A&gHF a4 (NMOC) ~ £RBHAEE (EPA) - AR EHF
#+< (NDBC) RABMEAEM (USGS) %«

Stenni Sphere ( B4-4-1) % John C. Stenni Space Center#) #
BHEERTT S BRTNE (ANwB4-4-2) B ATNASAHITZ K 2%
2% (B4-4-3) RRTLAREERATARA L (B44-4) - B &
RBEEBRRZERFR P (B44-5) REABRBEAEA (
4-4-6) ZAEFEN4B -

(AR EHREFRAELRRANBR R LA TEE LAWY
AEEITRKE R (water) ~ 3% (geology) ~ 44 (biology) &
W8 (mapping) 2 3#E - RETHE ML TR WA IR 2 48 W&

RBFRAGHAERBA - AREBTEKR - AW L RABWETRRE
BREAZTRE  c AT RS2 AR A Y RELKE B

PO SR KBRAME M T HELtsReg (B4-4-7) -
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Bl 4-4-1

John C. Stennis Space Center
Hancock County, Mississippl

Evatuticn of Spoce Fiight

Stenni Sphere

About is Space Center . , .

* NAsas Stemis Spoce Center (SSC) established in wu is romed atrer the
tate Mississipp Senator John C, Stenis 4,600 people.
. ssc‘smnw:wnmnmﬂsmwm
Ev:n' huro V engine that lunched astronouts fo
maln engine *hat has flown was tested ond proven ﬁqm—-m»,m"?c ‘I‘odqy zngmu
for future spocecraft ure bering tast-fired at SSC.
* The Naval SA=teoralogy and Orenroaraphy Command - - iorid-class oce
metesrologiat center at SSC emplers the ke sesT e er of ers in the workd
The canogrophic OFfice: houses ong =t the ~utest supercomguders in the worid.
. NASA and mara ﬂw 30 other agenctes, fike the Dcpam-umol Defense. the Nobuul
xta Buay Center, the Environmentat Protection Agenty. The Boding Company. Lockheed
Alev"m ond mere mﬁ busiress at SSC.

El4-4-2 Stenni Sphere§ 1/
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E4-4-5 EZBRERIRTSEHENEG

U.S. Geological Survey

Discover the USGS - Science for 3 changing worid
WRWWLB S 00V

B4-4-6 XBMTRAEMEHNS
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B4-4-7 EABMERAEAKBRBRMENL
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BRI

—CARABELZRRARRTREL Y A TEL SR HTAEM
#F5)# BAIEERAZINBLRR ) RERSEETETHA
N> BRARSHBARIHMEAERAYESEIE > RKRFA
QPE-SUMSH B R G m 2 EEE TR -

’

=« Baxter E. Vieux# #5254 XA g X (Viiow) %41 A
¥oTE -HERBSKHBARBZIEREH AKX HA
ZARYE  BERABE - Bz AN RIF M LR
BAXEL s BRTES RS HA T2 KX XLEHRE
RASHFERRENM > #ATVioWB X2 28 % % > HE R EH TR
B-H6 EEZ BP K UKL » 38 8147 B SR 4% K T A7 85 & 2. SOBEK
KEBNES  ETEEEREH RABKFALL202 8%
B ERRAERRIE A% B

|11
*}\-

BERZIMITERELER"EHMEAXETREE, >  RER
o T REHAENKERERRICEEERRE - aNTESL
FRARAFZ AN SRR BEFAZRERERSFNHRR
ZRETFEANE T T AEZRXMN 0 R
&%ré%%@mﬁﬁﬁﬂJz%x%ﬁ%ﬂ’w&ﬁﬁﬁﬁ
EREETHABRBRKEREAKRAALEERIFIE -

& Y

we FEBREREMFE P ORMER ¥ AR5 ERA S KR
4o BEAR R BOR EIFAR BT R BRIk 2 B R A 4 > B
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BERAEBREATRE  BITARRBRFELFRAL TRAE
BEYE ARAZEBRIXARCESFT SO LAREEHF
PSR

AEBATEBAKXBABZER  GEERARBHABAIF O
WME BB FCARTEELEAERAECH AL ARG R - b
ﬁﬁﬁ%ﬂﬂ%%ﬂ%%#@é%NﬁCﬁ%ﬁﬁ%ﬁ%k%
BB - YA T HNAERRRAES S b E — ReE
REEF > HEBAIFTCAETHAERLILZBAERBEATY
o EHMFBEARRERKBEBEHEZARA  ERAETHE
Aot ARHARED KER -

- Stenni Spherez —BGASHHBEFN T AT TERAZR

BEZPITER ARG EZHALBAEARL L 2R EHE
BFOREABMEAEMZESL BT —ROBRTER S P
BREAAGENBL O RRRELY T TAHAELER RIS
WA F ML FR FHNLGBR - KREGAFRSHEHS
Mo BRARERAKEROEBTRERER BRATHRAZE
FHEHA S S4B - Pl FHR By KR BATR - B ATAKEE
AEVEKRE - FNARKERELTMESE  FRIEM AR
BRI UAAAEEH Y o
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