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General Background:
Comparing rural and urban flood frequency
estimation techniques

Rural: Urban:
Nature of Transfer of hydrologic Transfer of hydrologic information
problem: information in space, in both space and time, from gaged

from gaged to to ungaged and from present to the

ungaged. future of an urbanizing watershed.
Status of Widel T N del labl .
il Widely available (e.g., ot as widely aval able (non_e In
T In StreamStats) and StrgamStats?); possible national
e regularly updated. optlons_.: Sauer et al. (1983), Moglen
(RRES) and Shivers (2006).

Urban watersheds probably more
amenable to simulation modeling:
surface runoff-dominated,

engineered flood-control facilities.

Value of Not clear they are
simulation better than RREs (e.qg.,
models: Hodgkins et al., 2007).



Project Background:
Urban peak estimation in lllinois DOT
Drainage Manual

" Regional regression equations (RRES):

B “standard method” in both rural and urban watersheds

" not all local agencies accept urban RREs.

" Rural RREsS:
" |Jast updated in 2004 (Soong et al.) with data thru 1999.

" implemented in StreamStats.

" Urban RREs
" report published 1979 (Allen and Bejcek) with data thru 1977.

" not present in StreamStats.
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Estimating imperviousness from
population density (Allen & Bejcek, 1979)

I =354 + (6.71 x 107 P) —(20x 107 p2)
| = Imperviousness, P = Population density

A? = 0.984 where R = the correlation coefficient
Standard deviation = 1.99
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Figure 2.--Relationship between percentage of imperviousness and population density.



Effect of imperviousness on flood peaks
In northeast lllinois (Allen & Bejcek, 1979)

Decreasing effect of
imperviousness with

increasing return period o
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Figure 6.--Effect of urbanization on flood magnitudes in northeastern I11inois.




Reasons for updating Allen & Bejcek
(1979) equations:

= 30+ years additional data.

" Changes in nature of development (stormwater
detention).

" Enable implementation in StreamStats.
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Overview of Project:

<

\Y

Phase I: Adjust historical records to present (2010)
conditions —topic of this presentation.

Phase II: Compute regional regression equations
(RRESs) for each flood quantile as an adjustment
factor applied to rural RREs for northeast lllinois,

which are also being updated:
Q; = aAPSeWHd -> Q; = aAPScwWdUe
A = Drainage Area, S = slope, W = fraction of water or
wetlands, U = fraction of urbanized land

(same basic structure as existing Q&B79 equations)
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Why adjust?
la. More records can be used

Old Records Kishwaukee R. near Huntley, IL (05437950)

1.0

" At-site record is
not applicable 0.9
to present 0.8
conditions. 0.7

" Tousein a 0.6
regionalization
study as-is,
would need to
know land use
during 1970s.
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Why adjust?
1b. More records can be used

Sawmill Ck near Lemont, IL (05533400)
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Why adjust?
1c. More records can be used.

Salt Ck at Western Springs, IL (05531500)
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Why adjust?

2. Yields an additional product:
At-site flood peak record consistent with present land-
use conditions.

3. Scientific value:
" Direct observation of past effects of urbanization

= Allows testing of swapping of space for time:
Do effects of differences in urbanization between
watersheds agree with effects of changes in urbanization
over time?
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Steps In adjustment

1. Select and process input data
" Select stations

" Split peak flow records into segments at years when major
flood control facilities built (“urbanization” considered as
land use change).

" Create annual urbanization and precipitation data sets.

2. Apply regression technique to obtain regional
coefficients showing effect of urbanization and
precipitation.

3. Adjust peaks to present urbanization.
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Adjustment step 1

Data used for
adjustment:

Precipitation
stations and
Thiessen

polygons
ZUSGS
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Adjustment step 1

Data used for
adjustment

Historical
urbanization data:
Decadal housing
density product
based on 2000
Census (Theobald,
2005)

EXPLANATION

Housing Density Class

20 10 I P23 Bl G = /% _:'," i 0-Undeveloped
V a u eS ar e it & ? ( B | 1-Greater than 80 acres per unit
e ey 2 WY gk g R 5 2-50 to 80 acres per unit
- L % ] ’ e 3-40 to 50 acres per unit
p rOJ ected) | N : 3 4-30 to 40 acres per unit
" * b = ey 5-20 to 30 acres per unit
v ; v y B-10to 20 acres per unit
: 71-1.7 to 10 acres per unit
8-0.6 to 1.7 acres per unit
9-Less than 0.6 acres per unit
10-Commercial/industrial/transportatior

;“‘é USGS | r . \ : ! Undefined




Adjustment step 2

Regression modeling

Two-step “fixed effects” quantile regression
model (Canay, 2011):

Step 1. OLS “panel” regression: Determine fixed
effects, which are intercepts of each station
segment.

Step 2: Subtract fixed effects.

Step 3: Apply quantile regression to remainder to
determine coefficients of U (urbanization) and P
(precipitation) for each exceedance probability of
Interest.

y
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Regression step 1: Adjustment step 2
Find intercepts a(i) for each station segment |
and common regional slopes b, and b,

For each segment | and year t,

y(i.t) = 109,0Q(,1) = a(i) + byU(i.t) + bpP(it) + e(i,t),
where

Q =annual maximum flood peak

a(i) = intercept (fixed effect) of segment |

b, = regional urbanization coefficient = ~0.55

U = urbanized fraction of watershed

b, = regional precipitation coefficient = ~0.10

P = maximum daily precipitation

e = error term
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Adjustment
step 2 <~

Regres-
sion
step 2:
Subtract
fixed
effects

(Inter-
cepts)

A S

log1o(Q) = b -P—al(i) + <a>

O
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be — Mean linear regression
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. Adjustment step 2
Regression model step 3:

Find common regional slopes ,(p) and B-(p)
depending on frequency p by quantile regression

For each exceedance probability (EP) p,
y'(1,t) = 10g,,Q(1,t) —a(l) + <a> =
a(p) +Au(P)U(I,t) + Bo(p)P(1t) + &(l,1),

where
Q = annual maximum flood peak
a(i) = intercept (fixed effect) of segment |
Bu(p) = regional urbanization coefficient for EP p =[.2-.9] (?)
U = urbanized fraction of watershed
B-(p) = regional precipitation coefficient for EP p =[.05-.15] (?)
P = maximum daily precipitation
e = error term



Adjustment
step 2

Regres-
sion
step 3:
Quantile
regres-
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Adjustment
step 2

=

=
2
-
=
9
O
&=
©
o)
o
c
o
9
@
N
c
@
e
L
-

Cluantile regression coefficient £ ,(p)
Bootstrapped q-r coefficients
Tth—order polynomial fit

Frequency dependence of
historical urbanization from
guantile regression

Return period (years):

2
| |
-2 -1 0

Z—-score of non—-exceedance probability

|
3




Adjustment step 3
Adjustment to 2010 urbanization:

Two steps:

1. Assign exceedance probability p to each observatoin by
Interpolation among quantile regression lines (planes)

2. Adjust by adding B,(p)[U(i,t) — U(i,2010)] for changing
urbanizatoin between year t and 2010, that Is:

10910Q2010(15t) = 10930Q(1,1) + By,(P)[U(1,1) — U(1,2010)]

where

Q =annual maximum flood peak

B,(p) =regional urbanization coefficient for EP p
U = urbanized fraction of watershed
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Presentation Notes
Equation applies when only one segment in a given station record.



Adjustment
step 3

Original
and
adjusted
peak

flows
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“Example of Adjusted Record;  Adiustmentsteps
Old Record

Kishwaukee R. near Huntley, IL (05437950)
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Presentation Notes
actually old plot from before quantile regression-based adjustment but looks pretty much the same.


Example of adjusted record: ~ Adusimentsieps
Urbanization trend

Sawmill Ck nr Lemont, IL (05533400)
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E]Example of adjusted record:

segmented
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Salt Ck at Western Springs, IL (05531500)

Adjustment step 3
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Presentation Notes
actually old plot from before quantile regression-based adjustment but looks pretty much the same.



Conclusions

" Method developed to diagnose temporal effect of
urbanization on peak flows.

" Found that temporal effect of urbanization decreased
with increasing return period, agreeing with existing
spatial equations.

" Allows adjustment of peak flow records to present
conditions for use in spatial regression analysis

" Traditional spatial regression analysis is now underway.
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Questions?
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