Technical Overview of FFG Models
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GOAL: To present the basis of flash flood guidance estimation

with a focus on input data needs and requirements.
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Some Definitions ...

Flash Flood Guidance (FFG)
The amount of of a given duration required to generate bankfull

flows at the outlet of a basin, under certain initial soil moisture conditions.

Threshold Runoff (TR)
The amount of (runoff) of a given duration capable of causing

bankfull flows at the outlet of a basin.

FFG is derived from TR by
accounting for these losses
in the transformation of
rainfall to runoff.

effective
rainfall

losses

Effective rainfall is the residual amount after accounting
for all losses such as interception and soil moisture storage. (Hﬁc)
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Some Definitions ...

Flash Flood Guidance (FFG)
The amount of of a given duration required to generate bankfull
flows at the outlet of a basin, under certain initial soil moisture conditions.

Threshold Runoff (TR)
The amount of (runoff) of a given duration capable of causing
bankfull flows at the outlet of a basin.
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Threshold Runoff Estimation

We estimate threshold runoff by equating the peak runoff generated
from a catchment, as defined by the catchment unit hydrograph,
with the bankfull flow in the stream at the outlet of the catchment.

where: Q; is the bankfull flow at the catchment outlet
d,r is the catchment unit hydrograph peak (cms/km?/mm)

A is the catchment area

and R is the effective rainfall of given duration of interest
or “threshold runoff”
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Threshold Runoff Estimation

Bankfull Flow
“Flooding” occurs when a stream overflows its banks. Thus bankfull flow is a
physically-based definition of the flow associated with flash flooding.

Bankfull flow may be estimated using
hydrologic principles based on stream

cross-sectional properties based.

Unit Hydrograph Peak Response

The unit hydrograph represents the response of a catchment to a unit input (mm)
of rainfall uniformly falling over the catchment over a given duration. The
physically-based geomorphologic instantaneous unit hydrograph (GIUH) is used,
and can be computed using catchment-scale (e.g., drainage area, stream length)

and channel-scale properties (e.g., cross-sectional characteristics).
(0|
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Data Requirements for Threshold Runoff Estimation

The variables (Q,, dq,z, A) must be defined in terms of known
or readily determined quantities.

(1) GIS processing of digital elevation data provides delineation of catchment
areas with computed characteristics
such as drainage area, stream
length and channel slope.
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Data Requirements for Threshold Runoff Estimation

The variables (Q,, d,z, A) must be defined in terms of known
or readily determined quantities.

(2) Channel cross-sectional characteristics
can not be resolved with current DEMs nor
measured at every location of interest.

CROSS-SECTIONAL AREA: square feet

Regional relationships between cross-sectional
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properties and catchment characteristics may
be derived from high-quality channel surveys.

WIDTH: feet

B, = aAY D, =eA*

DEPTH: feet

DRAINAGE AREA: square miles

A San Francisco Bay region at  C Upper Green River, Wyomin,
30" annual precipitation D Upper Salmon River, Idal
B Eastern United States (Emmett 1975)
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Some Comments on Threshold Runoff Estimation

“The devil is in the details”

While equating of catchment response with the bankfull flow results in
a “simple” expression, the solution is in a non-linear relationship for R.

The primary reference for threshold runoff estimation is:

Carpenter, T.M., et al., 1999: National threshold runoff estimation utilizing GIS in
support of operational flash flood warning systems, J. Hydrology, 224 (1-2), 21-44.

Bankfull Flow is typically associated with a return period of 172-5 yrs.
This may not be associated with significant flood damage and thus a
“conservative” threshold for flash flooding.

The assumptions of unit hydrograph theory limit application
to catchments with cumulative drainage area < 2000km?.
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Example of Threshold Runoff Estimation
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Flash Flood Guidance Estimation

FFG is derived from threshold runoff using the current soil moisture deficit.

!d=3h

80 FI___a___lsh Flood Guidance

I Fora Given "'ISoiI Moisture Deficit
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Soll Moisture Modeling

Soil moisture model represents the top 1-1.5 m of soil depth.

1) Infiltration excess at surface layer

2) Soil moisture accounting
d(ot)-6,)
Zr—— & = r(t-e)-st)-bt)-g(t

0l kiaysa < 9-6,
sO=1 v ; am-06,26:6,

(9(t) R gf 20+3
K=Ks 0-0
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Evapotranspiration Estimation

Penman-Monteith equation may be used to estimate the
potential evapotranspiration. Blue, OK | R average daiy forcing

! Std Dev (average daily forcing)
N Std Dev (daylight hours)

A(I?n Xid G) + pacp( es,:ea
pl= -
A+y(1+ryr)

{ | =——ATOKA DAM PAN (63-95)

)

where: A = the latent heat of vaporization,
E_ the volumetric rate of potential ET,
R, = the net radiation,
G = the soil heat flux, o | | ‘
p, = the mean air density at constant pressure, T s e 8 9 1‘0 1‘1 12
(e, - ,) represents the vapor pressure deficit,
¢, = the specific heat of the air under constant pressure,
A represents the slope of the saturation vapor pressure vs. temperature relationship,
y = the psychrometric constant,

and r,and r, = the (bulk) surface and aerodynamic resistances
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Evapotranspiration Estimation

Penman-Monteith equation may be used to estimate the
potential evapotranspiration. Blue, OK | R average daiy forcing

! Std Dev (average daily forcing)
N Std Dev (daylight hours)

A(I?n Xid G) + pacp( es,:ea
pl= -
A+y(1+ryr)

{ | =——ATOKA DAM PAN (63-95)
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Depth Integrated Soil Moisture

January February

Climatology: 1989-1998

Honduras

Soil Moisture (%) September
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Soll Moisture Model Validation

th soil moisture measurements:

Example validation for region wi
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Soll Moisture Model Validation

In the absence of soil moisture measurements, stream flow

may be compared with model-generated runoff.
Rio La Pasion Rio Grande San Miguel
1976-1984 1969-1978
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0.2 0.4 06 0.8 ) 0.4 06 0.8
Rio Grande Tarraba Rio La Villa

0
©
3

2
0
o

(14

o)
c

il

n

04 0.6 0.8 : 04 0.6 0.8
Exceedance Freq Exceedance Freq

16 June 12. 2007 http://www.hrc-lab.org




Real-Time Flash Flood Guidance Estimation

Actual time axis

td=3h

80 Flrash Flood Guidance

Soil Water Model Runs For a Given Soil Moisture Deficit

Threshold Runoff
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Summary

Threshold Runoff and FFG defined in physically-based manner
with sound hydrologic principles

Threshold Runoff data requirements:

DEM, digital stream network and watershed boundaries, channel cross-
sectional survey data

FFG estimated in real time by estimating soil moisture deficit
at time of forecast through soil moisture accounting

Soil Moisture Model data requirements:

Soil texture and soil properties information, land cover data, surface met
variables, soil moisture measurements, stream flow.

Model components to be validated for South Africa applications

regions with local data %
HRC
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