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ABSTRACT

A hydrotogic metnod is developed to provide for the adjustment of stream gage data for the effects of urbanization.
Use of the method provides a general adjustment of a series of annual peak fiow rates which is impacted by the effects of
continuing urbanization dyring the gage period. After adjustment, the resulting adjusted annual series represents an
equivalent annual series of peak flow rates from a homogeneous record (i.e., of & constant level of developrment}. The
provided FORTRAN computer program implements the new hydrologic adjustment procedure.

INTRCDUCTION

A statistical flood frequency analysis is based on
the assumption of a homogeneous annual flood record.
Significant changes in land use is a source of nonhomoge-
neity of flood characteristics. A flood frequency analy-
sis based ¢n a nonhomogeneous record will result in in-
accurate estimates of flood estimates for any return
period. Therefore, the effect of nonhomogeneity must be
estimated prior to making a frequency analysis so the
flood record can be adjusted.

Urbanization is a primary cause of nonhomogeneity of
flood records. While this problem has bkeen recognized far
decades, there have been few attempts at developing a
systematic procedure for making the necessary adjustment
of flood records. Multi-parameter watershed models have
been used for this purpoese; however, a single model or
procedure for adjustment has not been widely accepted by
the professional community. Comparisons of methods for
adjusting records have not been made.

A number of hydrologic methods and specific modeis
have been proposed and are used to represent the effect
of urbanization on peak discharges. I[n some cases,
metheds provide a basis for accounting for urbanization,
but it s difficult to develop a general statement of the
effect of urbanization. For example, with the Rational
method, urban development would have an effect on both
the runoff coefficient and the time of concentration.
Thus, it is not possibie to make a general statement that
a 5 percent increase in imperviousness will cause an x
percent increase jn the peak discharge for a specific re-
turn period. Other models are not so constrained.

REGRESSION EQUATIONS

A number of regression eguations are available that
include percent imperviousness as a predictor variable.
With such models, it is possible to develop a general
statement on the effect of urbanization. Sarma ard others
(1969) provided one such exampie:
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in which & is the drainage area in (square miles}, U is
the impervious area {in percent), Pp is the volume of
excess rainfall (in inches), Tg is the duration of rain-
fall excess {in hours), and Q, is the peak discharge {in
cubic feet per second). Since the model has the power
model1 form, the specific effect of urbanization depends
on the values of the other predictor variables

(A, P, and Tg). However, the relative sensitivity of
Equation 1 can be used as a measure of the effect of
urbanization, The relative sensitivity is given by:

e (2] (2]

Evaluation of Equation 2 yields a relative sensitivity
of 1.415. Thus, a one percent change in U will cause a
change of 1.516 percent in the peak discharge. This esti-
mate is an average effect since it is independent of both
the value of U and the return period.

Based on the work of Carter (1961} and Anderson {1970},
Dunne and Leopold (1978) provided the following equation for
estimating the effect of urbanization:

f=1+0.0150 (3}

in whichk f is a factor that gives the relative increase in
peak discharge for a percent impervicusness of U. The fol-
lowing is a summary of the effect of urbanization based on
the model of Equation 3:

(K 0 10 20 30 40 50 100

f 1 1.15 1.3 1.45 1.6 1.75 2.5

Thus, a one percent increase in U will increase the peak
discharge by 1.5 percent, which is the same effect shown by
the model of Equation 2.

The Soil Conservation Service (SC$) provided an adjust-
ment for urbanization for the TR-55 (U. S. Scil Conservation
Service, 1975) Chart method. The adjustment depends on the
percentages of imperviousness and the hydraulic length modi-
fied (Figures 1 and 2] as well as the runoff curve number
(CN). Although the adjustment does not specifically include
the return period as a factor, the Chart method incorporates
the return period through the rainfall input. Table 1 pro-
vides the adjustment factors for imperviousness and the
hydraulic length modified. Assuming that these changes
oceur in the same direct proportion, the effect of urbani-
zation on peak discharges would be the square of the factor.
Approximate measures of the effect of changes in f? from
change in U are alse shown in Table 1 (Rg). These values
of Rg represent the change in peak discharge due to the peak
factors provided in TR-55. Additioral effocts of urban
davelopment on the peak discharge would be reflectnd in
change in the CN. However, the relative sensitivities of

0266-9463/86/020219 - 06 $2.00
68 COMPUTATIONAL MECHANICS PUBLICATIONS 1986

MICROSOFTWARE FOR ENGINEERS, 1988, Voi. 2, No. 4. 219



Adjusting Stream Gage Data: R.H. McCuen et al

100

TIT 1T I
[ 1T 1T I |
z o
g —T‘;\' A qu OERE
& trydmnan Y ¥
u ) P o 4 84
< & 33
z D) it s 19
3 b
« ERNY '5}’ yd o 1
g % i AP 2 -
-« N 51 A F 114 |+
o R YIRP. [~
3 AP Ep
2 T -
= ¥
1.
H _Jé )
E 1
o LT
1.0 1.2 1.4 1.4 1.9
PEAK FAGTOR
Fig. 1. Factors for adjusting peak discharges as a
function of runoff curve-number and impervious
area in the drainage basin.
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Fig. 2. Factors for adjusting peak discharges as a
function of runoff curve-number and hydraulic
iength modified.
SCS Chack Method UBGS drban
cy 0 £ 2 Rg T v £, Rg
79 20 .13 1.8 Qo.0L% 2 ¥yrs 20 1.70 0.018
23 1.17 1.17 0.0L¥ 21 1.78 Q.014
30 1.21 L.46 0,015 10 1.06 0.018
13 1.16 L.4% 0.026 A 1.95 9.020
40 1.31 1.72 === 40 2.0% —.—
[ 14 o i.10 I.11 92.013 109 YELB 20 1.13 d.01¢0
15 i.13 1.18 0.014 23 1.1 d.008
ELd 1.1¢ 1.3% Q.01¥% E]d 1.32 0,008
s .10 .44 0.015 35 1.36 9.010
40 1.23 1.51 - == 40 1.41 .
Table 1, Adjustment factors for urbanization.

the SCS Chart method suqgest a change in peak discharge of
2.3 to 2.6 percent for a 1 percent change in urbanization,
which here is the combined effects of changes in impervious-
ness and modification of the hydraulic length.

The U. S. Geological Survey (USGS) urban peak dis-
charge eguations provide another alternative for assessing
the effects of urbanization. The equations are given in
Table 2. Figures 3 and 4 show the ratic of the urban to
rural peak discharge as a function of the percentage of
imperviousness and a basin-development facter. For the 2-
year event (Fig. 3}, the ratio ranges from 1 to 4.5, with
the latter value for complete development. For the luU-
year event (Fig. 4}, the ratio has a meximum value of ...
The purposes of illustration and assuming that basin
development occurs in direct proportion to changes in
imperviousness, the values of Table 1 (Rg} show the effect
of urbanization on peak discharge. The average change n
peak discharge due to a one percent change in urbanization
is 1.75 and 0.9 percent for the 2-year and 100-year events,
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Fig. 4. Ratio of the urban to rural 100-year peak
discharge as a fuaction of basin development

factor and impervious area.
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LQ2S=2T8A" HSL M SRI2 4+ 3 ST +K) O3

BDF) ¢ {“[A% "RQ2S! S 093 01708 40

U0 = 2674 MSL™HR12 + 31 THST + 817 212 - BDF) “*MA%"“RQS0

ool 091 0.1774 42

LQ100= 2504 P*DL HR1Z+ 3)-"NST+ 81 4313

DBF) 1 AT RQ 00 097 0.1360 24

UQS00 =2 27A% SLI MR 12 4 31 ST +30° "5 13,

BDF) ¢ T IAM*RQS00" &Y 0.9¢ 02071 A

Three-parameter cyintions

UQ2~ 1324 3 13-BDF) " “*RQ* ™ 091 0% rad

UQs=10.6A" ' "113-BDF) " *RQ3 ** 092 0.170% 40

LIQ10-9.51A% '*(13-BDF)~*""RQ10° ™ 092 01720 ai

LUQ2S =R 68AY S 13-BDF}© HRQ25 B 092 0.1802 a3

LiQ50 =R 044" 4 13-BDF} ¢ PIRQ5DOH! 6O 0.1865 a4

UQ500 =7 70A°1 % 13-BDF) ~ * Y RQ100°** 081 €.194% 46

UQS00=1747A°%1%13 = BDF) " ® **RQ500° " 0.89 02170 52
Table 2. Nationwide urban flood-frequency

regression equations.

respectively. While the methods discussed previously pro-
vided an effect of about 1.5 percent, the USGS equaticns
suggest that the effect is slightly higher for the more
frequent storm events and slightly lower for the less fre-
quent storm events,
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Rantz {1971} provided a method for assessing the

effect of urbanization on peak discharges using simulated

data of James (1965) for the San Francisce Bay area.
Urbanization is characterized by two variables, the per-
centages of channels sewered and basin developed: The
percentage of basin developed is approximately twice the
percentage of imperviousness. The peak factors are
shown in Fig. 5. The data of Table 3 show the relative
sensitivity of the peak discharge to (a) the percent
imperviousness and (b) the combined effect of the two
variables (percentages of channels sewered and basin
developed). For urbanization as measured by the per-
centage change in imperviousness, the mean relative
sensitivities are 2.6, 1.7, and 1.2 percent for the
2-year, 10-year, and 100-year events, respectively.
These values are s1ightly larger {30 to 50 percent)
than the values computed from the USES urban equations.
When both the percentages of channel sewered and basin
developed are used as indices of development, the re-
lative sensitivities are considerably higher. The

mean relative sensitivities are 7.1, 5.1, and 3.5 per-
cent for the Z-year, 10-year, and 100-year events,
respectively. These vaiues are much larger than the
values suggested by the other methods discussed in the
preceeding paragraphs.
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Fig. 5. Peak discharge adjustment factors as a
function of basins developed and
channels sewered {after Rantz, 1971},

ADJUSTMENT TECHNIQUE

The literature does not identify a single methed
that is considered to be the best method. Each method
depends on the data used to calibrate the prediction
process and the data basis used to calibrate the
methads are very sparse. However, the sensitivities
suggest that a 1 percent increase in urbanization
causes an increase in peak discharge of about 1 to
2.5 percent, with the former value for the 100-year
event and the latter for the 2-year event. However,
there was considerable variation at any return period.

T=_2 vz T = 10 yrs 2. 100 yra

L) £ R £ mg £ Rg
1¢ 1.22 o0.013 1,13 0,013 1.0 0,011
20 1.47 0.025 1,20 0.017 1.1% 0.012
30 1.72 0.028 1.45 9.013 1,11 0.013
40 1,98 0.019 1.6 o.018 1.44 v.012
50 2,17 1.851 1.36

i
10 1.33 O.040 1.18 0,022 1.1%  0.010
0 1,75 0.060 1.40 0.040 1.2%  0,02%
Ll 2,33 0.088 1.8¢ 9,050 1,30 ¢.030
40 3.20 ¢.100 2.36 0,09z 2.00 0.033
30 4,10 3.22 1.3%

Table 3. Effect on peak discharges due to the
percentage of imperviousness (U) and the
combined effect of urban development (D).

Based on the general trends on the data, a method of
adjusting a flood record was developed. Figure 6 shows
the peak adjustment factor as a function of the exceedence
probability for percentages of urbanization up to 70 per-
cent. The greatest effect ic for the mere frequent events
and the highest percentage of urbanization. Given the re-
turn period of a flood peak for a non-urbanized watershed,
the effect of an increase in urbanization can be assessed
by multiplying the discharge by the peak adjustment factor
for the return period and percentage of urbanization.
Wheve it is necessary to adjust a discharge from a practi-
cally urbanized watershed to a discharge for another water-
shed conditicn, the discharge can be divided by the peak
adjustment factor for the existing condition and then
multiply the resulting “rural" discharge can be divided
by the peak adjustment factor for the existing condition
and then muitiply the resulting "rural" discharge by the
peak adjustment factor for the second watershed condition.
The first operation (division) adjusts the discharge to a
magnitude representative of nonurbanized condition. The
second operation (multiplication) adjusts the discharge of
a magnitude that is representative of the watershed for
the second watershed condition.

Number indicates impervioun
area, in percent

PEAK FACTOR

'1,02 1.26 2 8§ 10 28 100
RETURN PERIOD, IN YEARS

Fig. 6. Peak adjustment factors for urbanizing
watersheds.
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PROCEDRE

The adjustment method of Fig. 6 requires an exceedence
probability. For a flood record, the best estimate of the
probability is obtained from a plotting position formula.
The following procedure can be used to adjust a flood re-
cord fer which the individual flood events have occurred
on a watershed that is undergoing 2 continuous change of
the level of urbanization.

1. ldentify both the percentage of urbanization for each
event in the flood record and the percentage of urban-
ization for which an adjusted flood record is needed.

2. Compute the rank (i} and exceedence probability {p)
for each event in the flood record (the Weibull
plotting position formula can be used to compute
the probability).

3. Using the exceedence probability and the actual per-~
centage of urbanization find from Figure 6 the peak
adjustment factor {(f1) to transform the measured peak
from the actual level of urbanization to a nonurban-
ized condition.

4. Using the exceedence probability and the percentage of
urbanization for which a flood series is needed find
from Figure 6 the peak adjustment factor (f2) that is
necessary to transform the non-urbanized peak to a
discharge for the desired level of urbanization.

5. Compute the adjusted discharge {Qa) by
Q, = (fa/f1)Q

in which § is the measured discharge.

b. Repeat steps 3, 4, and 5 for each event in the flood
record and rank the adjusted series.

7. If there are significant changes in the ranks af the
measured (Q) and adjusted (Qz) flood series, then re-
peat steps 2 through 6 until the changes are not
significant.

COMPUTER PROGRAM

A FORTRAN computer program {Appendix A) was prepared
to perform the operations listed in the PROCEDURE section
of this paper. The user enters the stream gage recorded
peak flow rate for each year and the corresponding percent
impervious., Based on the desired percent impervicus, the
anneal series is adjusted by use of Figure 6. The ¢ycle
is repeated until the ranking of the adjusted peak fiow
rates show a negligible change by another cycle of
adjustments.

DATA ENTRY SEQUENCE

LINE
NUMBER VARIABLE DESCRIPTICN
1 NN TOTAL NUMBER OF
ANNUAL RECDRDS
4 Q(1),UrRBOLD{1), Q = ANNUAL PEAK
URBNEW(1} DISCHARGE {(CFS)}

URBOLD = PERCENT OF

. . IMPERVIOUS AREA

- . WHEN ANNUAL PEAK
N+ QUNN) ,URBOLD{NN) , DISCHARGE OCCURRED

URBNEW(NN) UKBNEW = PERCENT OF

IMPERVIOLS AREA
AT PRESENT OR
DESIGN CONDITION
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APPENDIX A:
ARNUAL PEAK FLOW SERIES ADJUSTMENT PROGRAM

THI1S PROGRAM DETERMINES THE EFFECT OF URBANIZATION
ON PEAK O

nooo

DIMENSTION G100, T(1007, GADJ{ IGO0, URBOLD( 100}, URENEW{ 100F —
DIMENSION F{2531}. G1(100}
C. INPUT/OUTRUT UNITS
IR=1
NR=2
TW=3
C. . DPEN FILES
QPEN(UNIT]R, FILE="PAF DaT'. STATUS® "OuD’)
OPENC(UNIT=NR, FILE= "NORMAL DAT*, STATUS='OLD )
OPENCUNTT=IW, FILE= "PAF. ANS ‘. STATUS= "UNKNOWN * 1
¢ INPUT DATA
READLTIR, #INN
DO 700 I=t, NN
READ{IR, #)Q{ 1), URBOLD (L), URBNEWL I}
900 CONTINUE
READ(NR. #)(F{[}). [=1, 291
C. . QUTPUT FORMATS
50L FORMAT(/. 10%, "s#s EFFECT OF URDANIZATION ON PEAK DI1SCHARGE ",
C & w2, /20 130"y, 'HISTORICAL “/ 144" ~"), 3X, L&C¢'="},
€ 'ADJUSTED ", 15C ="}, /, 2(2X. 'RETURN PERIOD’, 23X, ‘PEAK @/, 3X.
C 'URBANIZATION 3)
S02  FORMATIIOSX, P8 2, 6X.F9 0. 6%, F4 1, %511
S03 FORMAT(//)
504 FORMAT(/.* #mwn FINAL RESULTS san’, /3
0& FORMAT(' #x# ITERATION NUMBER -, 12, * wan+, s)

[
C SORTING THE INITIAL ARRAY
g

DO $100 I=J, NN
DO 200 o=1,I-1
IF(G(1). LE G¢J)3 60 TQ 200
GTEMP=G ()
@(I=A{1)
GUIY=0TEMR
X1=URBOLD¢ )
XZEYRBNEWL J)
URBOLDCJ ) =URBOLD 1)
URBNEW(J) =URENEWL T )
URBOLDI{ I )»x1
URBNEW( ) =X2

Z00  CONTINUVE

100 CONTINUE
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§ IMLTLALIZE ARRAY ¢ o
[ SUBRDUTINE FIG34<RET.PROD, XPFL.F?
MNN=C ¢
DO 110 T=i, NN C THIS PRDGRAM DETERMINES THE PEAK ADJUSTMENT FACTORS FOR
AET={REAL(NN)+1. ) /REALELL) C URBANIZING WATEREMEDS (FIGURE 433
TUII=RET c
110 CONTIMUE DIMENSION F(2%1)
L00 DD 800 I=1.NN ¢
a1enI=acl C INITIALIZE PERAMETERS
GADU{ 112G c
§00 CONTINUE FRO=1. -1 /REY
« KA DEL=. Ot
c SIGN=1
C PEAR ADJUSTHENT FACTURS c
IF(FRO. GE. O 3:60 TO 120
¢ FPRO=1. —-PRO
C. . ADJUSTED FACTOR FOR OLD WATERSHED CONDITION SIGN=—1
p& 300 I=1.NN 12¢ DO LGO 1=1,251
XFi1=1 X1=REM (I-1)#DEL
Cad D XI=%{+DEL
LF(URBOLD(I). £Q. URBNEW(E) }GO TO J1& F1=F (1)
RET=(REAL(NN)+1, ) /REAL{I) Fa2=F{L+1;
IF(PRO GE F{3} AND PRO LT Fil+123G0 TD 110

PROB-URBOLDCTTZ 10
11=IFLX(PROB}

IFill EQ 030 TD 320
PROB=REAL (I1)#LD

CALL FIG34(RET,PROB. XF11.F)

100  CDNTINUE

110 PROL= QL a(PRO-FL1} {F2-F1)+X1
PRO1=PROI #STGN
IF(PROE £Q. 10 }PFL=1 333
IF{PROB. EG 10 1PFR=1 127

&0 TO 330 il !
i 3 e
PROB=FROB+10 < .20 B -
330 IF{PROB EQ@. J0. }PFLL=} BEZ

CALL FIGIA4(RET, PROS, XF12,F)

AF1=AFSZ-{PROB-URBOLDI{I} I (XF12~XF113210
£ ADJUSTED FACTOR FOR NEW WATERSHED CONDITION

FROB=URBNEW(])/10

11=IF1X(FROB}

1IF{1{ EG Q)C0 TO J40C

IF(PROD EQ. 30. |PFR=1 343
IFCPROBD EG. 40. }PFL=2. 118
IF(PROB. £G. 40 }PFR=1 434
IF(PROB EG. 30. )PFLaZ 3B
IF(PROB. EQ 30. )PFR=>| 50%
IF¢(PRO@ EQ. 50 IFFL=2 33s

PROB=REAL (1L} %10
{ALL FIGI4!RET-FPROS. XF11,F} IFC(PROU EG. &0 IPFR=*1 418
@0 TQ 330 IF(PROD. EG. 70 IPFL=Z 73&
340 XFll=0, IF{PROE. EQ. 70 IPFA=t 718
<
S0 PROB=PROB+10
3 CaLL FIGJA(RET, PROB. XF12.F) FPF1=PFR4+{(PFL-PFR}I/4 20851+ (2 SDesb47-PROL)
XFR=XF12- (PROB-URBNEW (1) Y (XF12-XF11)/10 ¢
310 QADJ( L) =QG( 1) #XFR/XF :iTURN
300 CONTINUE c D

WRITE(IW, 301)

00 750 I=i, NN

Tx=(REAL (NNJ+1. ) JREAL LT}

WRITE(IW, S02)T(I).QLU1} URBDLD(1), X, QADJ{ 1, URBNEWL )
710 CONTINUE

o RHTECIMeD NORMAL . DATA
£ SORTING ADJUSTED FEAK @
[n4

NNN=NSN+1
WRITE(IW, Z0aINNN
GO 400 I=2, NN
DO 500 J=t.1-1

-2000 . 2040 . 30E0 3120 3180 29?  D23IT . 327F 3319 . 83%9
. 9398 . 5438 . S4TH | 5517 . 5337 39  D4Tb . S4TI . 5714 . 5733
- 3793 . 9832 3871 39310 . 594B 9987 4024 . 4068 4103 514}

TF(GADJ(1). LE. BADJ(J1160 TO 300 6179 4217776235 . 6293 . 4371 - 6368 . 6004 . 6443 4480 . 5317
GTEMP=GADJ () - 6354 5591 6420 . ho&4 . 6700 . 6736 . 46772 4808 . 8B4 5879
QAD.(J) =0ADY (1) - 6713 4930 . 4989 7019 . 7034  70BB . Y123 7157 . 7190 724

- 7237 7291 . 7324 . 7357 7189 . 7402 . 7434 . 7a8& 7517 . ;544

GADV! I ) =QTEMF
X1=URBOLD{J3 TSEO . 7611 . 7642 . 7673 . 7704 . 7734 . 7744 7794 7823  7HSD
N2=URBNEW( S 788t . 7910 7939 7947 .799% 9023 .BUS51 8079 8106 9133
AT=T () -B159 . B1Bs . 8312 .B239 . 8264 . B2B9 . 8315 . B340 8345 . 8IET

-B413 . 8438 24461 B485 . AS0% . 8531 9354  8S77 . 855% 262
B443 . 9465  BAB4  B70B . 8729 @749 G770 . 8790 8810 . 8EIO
8849 8957  £BEE . BY07 . 0925 . 9944 . B2 . a%8Q 8977 F019
9032 . 9049 . 7066 . F08F . F099 . F113 9131 147 9162 G177

-9192 9207 222 9235 . 7251 9245 G279 9292 . 9308 9019
9332 . 9343 9357 9370 9382 . 9394 SaDs 418 9429 . P44y

URBOLD(J)aURBOLD 1)
URBNEW( J) =URBENEW{ [ §
TJ)=T)
URBOLD(I)=X1
URBNEW[1)=XZ

Ti1i1=x3
XQTEMP=G{J) - 452 9443 | 9474 . 9464 . 9473 5503 . F515 7323 9535 93543
Gyl 9504 . F544 . 937 95BT . 9391 . 7399 9408 . Fals 9509 . 9433
(1) =XATENR SFEAL . 649 | F656 . P44 . F&TL  F6TE . 9886 . I6F] . 9699 9704
vl | -%713 9719 9724 9732 9738 9744 4750 . 9785 | G761 747
300 CONTINUE 773 .9778 . 9793 7BB 9793 798  7@03 9HOB 9817 . 9017
vB2] . 96836  YBIC . 9834 . 9838 . FEA2 9844 830 . 9874 . 2@%7
490  CONTINUVE . 984) . 9D44 | TBLE . 5971 9B7%  $B7FA . 7881 . 9884 9887 9890
€. . CHECK NUMBER OF ITERATIOM AND CONVERGENCE 7893 7894 . FEYB 9901 S904 9906 . 9909 F9ii | 9912 9F14
IF¢NNN. EG. 10IG0 TO 630 7918 992D 92T  AILY Y927 TRT 9931 59O 9994 959s

IF (WK, EG. 1260 TO 500 . 9938

€. . OUTFUT RESULTE
WRITE(IW. 304}
WRITEUIW: 301)
DO 700 [=f.NN
TX=¢REAL{NNI+1, ) JREALL1)
WRITE(IW, 5023 TIT), @141). URBDLDA 1. TX. GADJ¢ [ 1. URBNEWI T

o0 conTinue EXAMPLE PROBLEM

40 sTOP As an appifcation, the Alhambra Wash watershed in
Los Angeles County, California is considered. The
catchment shows a change in impervious cover versys time
as shown in Figure 7. Based on the annual {unadjusted)
series of peak flow rates and Figure 7, the program data
entry sequence and computed results are as follows:
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Adjusting Stream Gage Data: R.H. McCuen of al
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Fig. 7. Changes in impervious area for Alhambra
Wash drainage basin.

RESULTS
INPUT DATA »ew ITERATION NUMBER 2 ##»

o4 ~u% FINAL RESLLTS waw
1878 22 0 45
1336 22 0 44 - HISTORICAL ——~mwmm=mmmme  ==mee ADJUSTED- -
1120. 22.0 44, RETURN PERIDD PEAA G URDANITATION RETURN PERIOD PEAK @  URBANIZATION
18%. 22 % 34, 3500 7010, 45 0 55, 0Q 7019 ah 0
4890 220 44, 27 8¢ b660. 4.0 27. 30 4650, a5 0
2080 23.0 6. 1B. 33 &000. 440 18 33 4000, 44.0
1700. 24.0 86, 13.73 3950. 45 O 13,73 3930 46. 0
2470. 24.3 as. 11. 00 3010 226 1100 8901, 44,0
5010, 29.C 4% §.17 4890. 23.0 217 5804, 44,0
2880. 2&. 0 46 3. 30 4480, 3c. 0 7.84 5063, 48,0
1280. 27.C 44 7. 88 4830. 46 0 4. B8 4830, 46, 0
2080. 28.0 44 & 88 4850, 4. 0 & 11 4330 44,0
2320. 29.0 as. s 11 5484 44 0 3. 50 4484, 46.0
4480, 30.0 4. 1.00 4430. 450 5. 00 5320, 45,0
1860. 31 0 4& 4 38 4330 46,0 4.38 4330. 45, 0
2220. 233.0 4s 3 44 ag10. ae o 5 23 4041, 58,0
1600, 3% 0 48 4 23 4040, 46 G 3. 93 4040 55,0
3810. 3.0 4b .93 3980 45, 0 367 3980, 45, 0
2670. 40.0 48 3. 87 3510 44,0 3. a8 as10 6.0
758, 40.4 4& 3. 24 azae 35,0 3 2a a730. 46. 0
1630, 449 a& 3 06 3550, 45. 0 3. 08 3350 46, 6
1620. 493 da. 2. a9 320 450 2 as 3320 46 0
3810 46 0 ab 278 3480, 5.0 2.73 2480 6. 0
3140, 36 O 44, 2. &2 3430 46 0 2 &2 3430. %4 @
2418, 46 0 & 230 3178 45 0 2 so at7e 46,5
1890 48 O 46, 2 39 3140 45.0 2. 3% 3140 4s. 0
4550, 45 0 45 229 3090 48.Q 2 2% 3090 48,0
3080, 46 0 44 190 2470 2. % @ 20 3013 85,0
4830, 46 O 35 i.96 2480, 26 © 212 asuz, 46 0
3170 a6 0 4b 1 &7 2280 23.0 z 08 2804 45.0
1710 45 0 48 22 2870 400 1 76 2795, 55,0
1480 45 O 4& ER) 2750 46 0 1.90 27%0 38 0
2550 46.0 46 1 72 2320. 27 0 1.83 2712 44,0
2e10. 6.0 44 2. 04 2560 45 O 1,77 2560, 45,0
2210 &b 0 44 18z 2220, 33 0 1.72 24520, 46,0
3730, 46 O 44 L 42 2080 2\ © 187 2484 46,0
3820 44 0 46 183 2410, 46 0 1 a2 2410, 48 Q
3580 46 O 38 177 2410, 48 0 1. 37 2410. 46 0
3480, 450 48 1.38 1870, 22.0 1.33 2374, 48 0
3980, 46 O 44 131 1850, e 3 1. 49 2340. 450
3430 44 0 ab 1. 93 2210. 46 0 1 as 2210. 6.0
4080 860 44 157 2210. 46 © 1.4t zz10. 46 ©
2000 48 0 46 134 1850. 31.0 138 2145 & O
4480 44 O as. 1. 20 1700, a0 1. 94 2123 4L 0
4338, 4L 0 4& 1. 43 zo00 45. 0 131 2000. 46, 0
6000. 44 O 44 110 1330 228 1,28 1962. 46. 0
1820. 46 0 36 1A 1890 4. C 1.23 1890 46 0
1770 4460 46 128 1820 46 0 LogR 1820. 44 0
8980, 44 O 4% 112 1400 35. 0 L.20 1774, 45, 6
GAB4. 460 as 1 2% 1770 4460 1.17 $770. 5.0
o660, 44 0 46, 122 1710 6.9 119 1710, 45,0
27%0. 4a. 0 36 1.17 1430 445 112 $651. a6, ©
2410, 440 4& 113 Laz0 4%, 3 L. 10 1627. 460
7010. 46 0 4& 1. 0s 12680 2r.0 1.08 156D 450

1. 08 1480 44 0 1. 04 1480, 45. 0

1. 04 1120 20 1. o8 1467, a5, Q

1.02 728 43. 0 1. 02 779, 4 0
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