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Th,s paper ~lIS a GlS·oo;;ed 14 d,slribuled ovcrland tlow model and <un'I1UJ',zes 
an 3pphcahon 10 1imuiat" a flood "VWI. n.e model esl imatcs infiltration using tM 
Gr~..,n_ArnpI approach and rOUtes ~x«-SS rainfall ".ing the l--d diffusl'';: "'·3'·C 
approMmallon. n.c IYIOlkI was desIgned 10 Ll<;(" readIly a\<adablc lQpOgJl'Iphlc. wll~ 
and Iantl u5dland co"cr data and ra",faU predICtionS from a meleQrolos,,;al modeL 
An a>seSSJl1(."II1 o f model pcrf~ was performed for a small calchlll<.,,1 and 3 

large walershe-d . bolh m urban ellviromncrllS. Silllulared runoff hydrogrJphs ",·tIC 

compared 100bsen'allOOs for a selecled .>e:r of \3lidaIion evenls. Results confimlCd 
lhe modellno"ide~ rt"3sonabl" predictions in a short pl"rioo of lime. 

Iruroduct iu n 

A key eomponan of tlood pred.tIlOll. plaltn,ng, and mlUgallOn IS numencal modeling 
of ramfall -runoff "hys,cally·ba;;ed approaches have de\'eloped rapi d ly Ihe paSI 
decatk "",Ih I~ IncTCase in IllO: de"elopmc:nl and 3vallabiliry of lhe ~quir<'d sparial 
dataSfi$. l),slrioou,d models ha,·c also ~xpericnccd subslanllal p rogress as 
computallonal and dam avaIlabil ity hmitallOns ha" e been reduced Tltey demand 
Imen,I\"f," data. data handling 3nd CQmpll!alional abllmcs_ The adw m of d'Sltal 
lechnology has ehm.naled Ib.s hn" taIlOn. D.snilruled, phYSlcally-~<ed n>Odchng IS 

vie",ed as the mosl appropnale f()f large-area applicallons 1101: on ly becau~ of Ihe 
redlleilon In pre~iOtls hmilahons. bill a lso bccaY:>e of advances 10 modeling 
approaches and Inlcgr:llion wilh geQb'r.lph ic In fOfmalion sYStemS (GIS) (V ie ux . 
200 1). 

In Ih,. research. a rl.stTlbu.ed hydrolog.c mooel was bUIlt and lested fOf use In large 
arca eXlreme rainfall even l 511"ulallon. llIc n",,~ 1 would he able 10 IItrul rea dily 
u"allable ,palla] dal.1S(:ls downloadable from the inlernet. c3 piializUlg tht ~patial 

analys.s capab .lilies of GIS. The model was oplim.zW 10 perfonn analysi< for rapld­
re.p'JII:;(: ,,,,,I de<;iW.n mak Lng 



' h ', h"Il"I()~~ 

"GJ!:>·h,,,ell I·d Uhmh ... ",1 Hyd'o log'c \Iodcl (U HM ) wa< d~\e l op"d .hruugh a 
c() l l:tbor"rrv~ d l'on 1" .. I\\,=n ';",card,er, "{ (he Uni""r,uy of U.ah ~I"l • ,><; A I ~mo, 

NaHuml L~h.1I:l1<)ry. The 1)1 J ~ I I, P'" 1 "f ~ rlood pre'hction "",I d~mage a,,~,,"n~nt 
rran"'wor~ dcsigne.1 t,) rap id ly ,imuhl~ l100Jmll from C<I1CIIlC c\~"h of nal,,,,,a l 
l1LLI"'nantc (e g., h"rric~",'s, (ropica l 5Ionn,) ,mil a,,,,,'Ss damage a" d "I"'ral,,,na l 
Iml'Ml, I" in fra,'rucu"e ,}, .em, (cOLmnUtllCaHons. ',,,n,,,on. 1I0;,l' u,,1. row~r l'I, ) 

I J LId, n al . 2007). Thc ""er~III001 aLld Ih~ UI I M \\wc' develope<1 a, ",,!c"'~IOI1S 10 doc' 
ESRJ' ArdIlS' " 'J.J ,nftware in ~ Jl,hcrow ll1< VB "I,T e",irOntHenL Ihe I)HM 
generate< l"UflQff hydr,'graJlh~ u,tIlg {he foilo\\ ltlg r"addr ~v"ll "hle dalas~h 
downl" "da])k IWIIlIhe h,remi:1 (r tgur<' I)' 

• Dlgllal dc,allull modd (DFM) from tile li"Ill'd !:>ralc< GCO I Ogl~,,1 "lItH'Y 
(USGS) 

• Sidle Soi l (j~"lI r<ll'hlc (STA1"S(iU) dat"l.m,~ fr(l'" Natural K60mcc, 
(""n<.en ati[)11 S"" ,ee (' KCS) 

• L~ ,oJ u...: b nd co\cr f.011l II ... , 11SGS 
• \\'~kr~hr,! bQun<iJrJes from Ih,· Nal l"na l ll~dro~"",)hy Dala",{ 
• (inddcd ramfal1 ,I~{~ from nlt"t"""I"S,cal >lm"lalloll 01' rada, or ra11l gaugc 

"h.ervalLon, 

Distributed HydrolO!-Jic Model 

""""9" ba,," boond." Soot . ... .. 

., .•. , .,11.,,, .. ,111" ,II,I~ III, .",,' ,,, '" 



The distributed, physically-based modd predicts infiltration using tk Gr~n-Ampt 
(GA) approac h. The InfiltmtlOn nC~$S is used 10 compute O"erland now depth at 

cach ~dl. whIch IS rou!cd !o the outlet of the dra lllage bastn based Olt the (hffu<lVe 
W'IYC approach, a Sl mpll fied form of!m: Saim Venam equations. However, the model 
does not account for Lmpe rvious areas, base now and detcIHion swrage, and LlIa mlains 
a S! mp lt archj!~'Ctu rc. Details of the infiltrat ion and routing arc pro.- ided in the 
following two sub· sections. 

{nfillration.-

rhe GA "qua!ion IS a sun pilfied rep resentation of the inli lo-ation process in the fLeld, 
des.cnbmg !h~ mfilt ra lLo n rate as an imp liCIt funct ion of 1m", a< ,howfl m the 
following equatioll. 

1t an um", a honlQgcncous soil pro file and a ulllfonll ant~..;etlell1 soil ",,, iSlure 
distribution. I! also assuIDCS the water movement '" the so,1 10 be '" the foml of an 
advancing wetting !i'ont, and the d iffusioll of soil mo,sture III llor b!eral dlrCClion to 
be neghgl hle. E.-en with somewhat lim'tmg ass umptions, the model IS considered one 
o f lhe best avaIlable 10 d<!SCribe infiltralion o.-er a WIde r~nge of ra",fall e,ent~ (Chu, 
1975). While the GA model is consiMrw more aceu,.. .. tc than mh," rdalively slI IIple 
modds feasihle to apply over WIde areas (e .g., curv~ numb<.'r), !h ..... ~ .. all "'creased 
data requiremem to C$!IIna te !h~ n~ccssary paramet~rs (Vall M ullen!, 19')\ ). \11 G"" Gf 
the most co!nprehensive studies conducted, Ra"'ls <'I 01 ( 1983) pro~,ded a"eruge 
value. of the Gt\ parameters afler their analYSIS of a.:arly 1200 dLffen·"t )OIls 
covering 34 states across the U.S. nil: DllM uses the STATS(j() database (5011 
Survey Staff. 2006) from "alu ral Re>ource~ COIlS<."vation ServICe (NRCS) to defi ne 
lhe SOIl text" r.: class and then u;;es data collecl~'"tl by Rawl, (:1 al. (1983) to define lilt 
GA parameters (fable I). The "alu~s of lhe GA par .. meteT$ arc d,'fi,,~d at the cemel 
Or tlle grid cell and lhe cUlTlu I8' iv~ mfilmmoo tkplh is compu!,'"tl using the "~wIOII­
Raphson proc~dure(Smull, 199); Chow C/ 01 , 19&8). 
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Clan 
Cond UCI;";I y 

K, (mm/h) 

Loamy SandlSarod JO 
Sandy Loam " Loam 6' 
Silty Loam 3.8 
Silt 2.5 
Sal,dy Clay Loam 0.5 
Clay loam '0 
Silty Clay Loam 0.0 
Snlldy Clay 0.51 
Silty Clay 0.51 
Clay 0.25 

Overland jlow rowing: 

!nlln) 

" .. 0 
SO 
068 

'" '" 208 

'" 239 
292 
lOS 

, (Normal COn<Jilillu ) 
8(I)imcns;oulcss) 

OJ 
0.25 
0.25 
0.25 
0. 15 
0. 15 
0.15 
0.15 
o. , 
o. , 

0.05 

One of Ihe COnullOIl represenWllons of the flow over planes and land surface, or In 
channels tS Saint Venan! (SV) equallons (Zhang and Cundy, 1989; Tayfur el (.1, 
I?')); Jill and Fread. 1997; Singh CI ,,/ .• 2005). Thcy are ob!alned by inl"grati o" of 
Ihe Ihree -d imensional Navier-Stokcs ",!uations Over <lcpth. wi th Ihe ussUlnp!ion that 
the H·rtical hydrostatic pressure distribution is negligible (Ga rcia and Kaha""t:!. 
1986). They arc a ""I of cont inuity and momentum equations sho ..... n belo ..... in partial 
<lenvallYC form in Ihe .... direclion: 

Contin,lIty EquatlOll : 

Mornen!um Equat ion: 

..... here" ,s !he hClghl of ..... ater head abovc the ground surface IL J: q, IS tM I1I1 LI 
d L'<Chargc [l'l11: R, is thc r~lOfall excess furl: V is rh~ deprh a"craged flow vclocity 
in the ,, -directi on lUTJ: Sf is thc friction slope lUll; S, is Ihe bed slope IVLJ: g is 
Ihe accct«:llion due 1() gravity lUT1]; I is rilll~ [n: x is Ihe distance lLJ along Ih~ 
slIrfan:. q. is the flo ..... mit' pcr unit widlh, I.C. , the flow comong in and going lIul at a 
location in Ihc domain R, is the rainfall excess and it .. a lalernl inflow after 
deducting lhe Infiirration. 

The SV equations are ge nerall y cb's,fied into kinemalk, <liffusive and dynamiC wave 
approximations based on Ihe simpli (,ca\lon level of the momemum equalion. The 
simpl~" fonn of SV equations is Ihe kinematic wave al,proach (K WA). follow~d '" 
compj~xlly by th ... dlfrusiv ... waw, and then Ih <lynaonic wa,·e. The diffllsive wave 
approach ..... as ..... Icc ted for tim mOOd de~cnbed here because il perfonn, beller Ihan 



th~ ki nematic wave approach for many cases, and IS more siraightforv.'ard to 
impkmen1lhan the dynamic wave IGovindarllJU er aI" 1988) , 

The DIIM is subj«t to upstream, d01All>tream and initial conditions, The in itial 
co"ditlOn for the overland flow problem is a dry drainage basin surfac" After 
diffusive wave simplification. the I-d continuity and momentum equations are, 

S =S_i'Jh 
J • iJx 

A relationsh ip octween the Ulllt flow d i>eharge, flow 'krtll and the frictiun slope IS 
req uired lO solve this set of equations. The Manning ~"lua1io" is used for this purpose: 

"Iou", n, is tli e manning's roughness coefilcient. I" the DHM, ~1atln i ng rougl"'ess 
coefilc icnts arc estimated based on the land cov~r Je'ignatd by the National La rKi 
Cover Dataset (NLCD) 1992. 

The "umcneal aPllToa.h us,,.'<l In the overland flow compl1!3 tion is a backward 
dlffNence explicIt finne dIfference I«hniquc. The mntinuous panial d"nvatiws of 
the equati on are replaced by (in tte differences on grid points. n,U~, a set of a l gebrai~ 

equalions are fonned w it h all Ih" variables and rarameter5 deftne<1 at the centers uf 
Ihe grid cdls. These equations are solved using Ihe va lues of the depend",1 variables 
from the inil ial and boundary conditions. Thr solutions at a parlicular time step 
b~come the dcprndent variables for the solution III the nat time step. This process IS 
IIe rate<1 until reaching the requi,-.,d numl>cr to obtain tl'e fi lial solution of the problem 
(Smgh, 1996), 

Chow ,'I "I. ( 198R) suggcst~-d Ihal although Ihe e~pl icit method is convenient, It may 
be less efficienl and " Ot su itable for longer duration calcu lations, It can howe"er Ix> 
used by applying eeflui" , lab ility criteria. The scheme may be stable if Ihe errors 
ge ncfJlI:d from dlsc,-.,Iilation , are not propagated 10 the fUlure time steps, A necessary 
but i",ufile ic", conditIon for stabIlity "fan explicit scheme is the Couran t cond it io n 
(Ligge tt ,HId Woo lh iscr. 1967), The CO"Tant condil ion as uS<.'<l to th is smdy fur the 
solving the di ffusive wave ~"<Iualions is represenled by Ihe following e'luation 



where, C .. is the Courant number; Ii_ is the ma.~llnUll\ velocity in auy cel l includiug 
the d if!\,stve wave ~e l eri ty 'c', 11_-t>l1lX(,,) -c. 

Model T esti ng and Va lidation 

The modd predictions w~re tes\;:tl for a <mal l watershed (- 3 knt') locatcd In 

Fay .. tlevill ... Arkan$as. Simulat~"(l peak tlischargcs from si.~ rain fall-runoff t'VCllt' 
wt're compared to oWrvt'd peak tlischarges. On average thc model ovcr prcdictctlthe 
peak (lischarge by <)()"Io. I lowever. the shapcs an d timiug of the observt'<1 an(l 
simulated hydrographs were stmilar suggcsting the tno.-lcl was soulld, and 
performance might be improved through calibrat ion. 

f ollowing the prclimmary test ing for the Fayeuc"ille watershed. a more 
comprehensive assessment of the DH M was pcrfortn~d. SpecifICal ly. a so:nsillvity 
analys's was eonducte<l. au(l an tterat ive calobration_validauon ()rocess was 
completed. The mode l as"" sment was pcrfortncd using s 6O--km' Sub-basin of the 
Greens Bayou waters l'cd located m the Houston, Texas m~tropol nau area. 

The s~nsitivi ty analysis invol vcd systematically varying the input p~ramett'rs ( list the 
parameters) One at a time and then quantifying the chang.- in Output. Sensi tivity of 110,' 
OIi M to input parS'""ters ocenr in Ihe f(> llowing o rder listed from mOSt scns, t,ve 10 
least >;eus,t i"e: Manning roughness CO<!ffociem, sool hytlraulic conductiv ity. wCHmg 
(ront depth. and moisn,rc comclIt. The model was calibrated in a bnlk sense (all grid 
ce lls adjusted idcut icslly) for three stonn events. Initially, thc DI~M wa.' un<lcr 
predicting peak di scharges of two of three stonns by 45% (4 April 1995 and 27 
March 2001). while thc peak diseharg,' for the third event (23 May 1993) was Owr 
pr....!icted by 50"/ •. This d iscrepancy sugg~ste.J the assumption of an mmal dry basin 
m'ght be th<" problem because ramfall occurred in th~ days katlmg up LO the 4 Aprt l 
and 27 Marc h e,·ents. To lest Ih is hypothesi., " bulk ca libration was performed by 
adjlL,t"'g the rnodel mput param':lers In represent weller watersn.,d condit ions 
(Manm ng roughness adjusted slightly at>d hydrau lic con(luctivity reduced 
~u bsta" tial1y). ()fI M predictions impro,,~(l , although it proved (l ,ftjcu li to obta in a 
coo rdi nated m~tch for all th ru stonn events (Table 2). 

T~ble 2- StatlSIICS befor~ and aller calib ration 

"I. UHf. In Vol. C hange "I. Il iff. in 
Storm .: ' "en t I'cak Ri\ISJ: (cr.) 

Il; scha!:l>e 
(acr~.foo t ) Tim~ 10 I'~ Rk 

Bdore After Before After Ikfore After Befor~ Aner 
May 23,1993 52 "" 32 6; 7 " ~ , 3 
April 4. 1995 46 ~5 79 38 -122 ~" 13 6 

March 27. 2001 ~" ~25 '" 349 -710 ~6Q5 ~5 6 



~In,, 1 '., hoJ,,[Ion ", 11,,- modd w~,; po.: rfonnc,1 "nh '''0 . .udu",n,,1 ,Iunn n~nh (4 
~~hnl :'ry 1991 ::uoJ 'J M~TCh 1'J94), f( e>uh , of ,he ,ahd:'ILun ",([,eak Ih~ model 
pred ,cI, reasonabl y "ell ( I ablc 3. f igure 2). 

Tahl~ .1- l'oSl val"lJILon SlaliSlieal eompanson ,;Iali,ti cs 
':. I)i ff. in 

R\l S£ m~, 
Vnlunw ':. ni ff. i ll 

S!"rm £ W,,! f'~ak 
(efs) (eM Chan~~/acr .... Ti ", ~ 10 

Di '>Ch:o ~g" foo f) f'tak 
4 Feb 1991 36 28 1 1 ~, 

'1 Mar J99~ " 20 15 48 -24 

1 

~~ -, ' I 1-""'-

J 

FI :::"r~ 2- Va hd.111011 r~,uhs for ~ F"bnL1!), 1991 null 

n n, paper pre,elll e" a GIS-oo. .... :d I-d dis lnrnl1cd hyJrolng,e ",c>lld The .... odel " 
phys"'aliy-b,,'cJ , C.lu""kS mfillrauun usmg 11K- Gn:cn-Ampt applOach. and modd, 
,"~rland flow u' ,nl!. Illt dlffu<lw ""'~ approach. Th~ model "as d611!.ncd fUT f.I,t 
,k'p lo) ",ent l() a nc" regKlU ("umeIOIh ri,,·r h"-,,,, s) ~nd r~ptd prcJldiun and 
"";;C'~nl\.~H. T() I[lCc l Ih" II~cd . Ihe "'OIkl IISC.' r~a'hly a,a,i;,hie n""o".~1 ,1.11~'~h tOt 
IOl)()!,'Tal'hy , w!ls. l.mJ ",e/land ~u'~r, and wal,"'hed boUlkl~n<" "lid " ," crealed 
"''''!I a hybnd comhinal,,,,, of ~o"'pulcr cOIle< ( Vfl NET nnd f ortran I Iv pennI! 
""",facing " IIh G IS .",d an "",I"'g graphical u,el inT.,..fac~ A r,1f.lInC1Cr '~n,im 11) 
anal j"~ of Ih., IllO!Jd ",dicaled the Mallll"'g Tu"ghn<'S.~ "ut'lT,ci~", :Hkl hyJr:ouhr 
~"nduc "'·uy art: Illl' ", ... ,,1 lm [JOr1 3nl p~ramet~rs A ~ahbmno" anJ ,:ol1d:01<oll >lc"p ".,!> 



pertortlk:d for a larg~ urban watershed aud the model was fou"d to pro'-ide vcry 
reasonable resuhs given the rapid dcploymc"t and limited datu requirements. 
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