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SSCAFCA research focus:

e Improving hydrologic models
e Why do we need hydrologic models?
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Theory Practice

e Many methods
e Often complex
e Can be very accurate



he problem

Theory Practice
e Many methods e Limited data
e Often complex e Limited time/resources
e Can be very accurate  Need for simple methods

e Can be less reliable
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Project Timeline

Dec 2021: Idea presented to USACE
Aug 2022: Submitted proposal

Oct 2022: Proposal funded (S 50K)

Apr 2023: Preliminary version available

Oct 2023: Beta version of the software released



https://www.hec.usace.army.mil/software/hec-hms/downloads.aspx
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HEC-HMS has been developed for the U.S. Army Corps of Engineers. However, software
developed at the Hydrologic Engineering Center is made available to the public whenever
appropriate. Use is not restricted and individuals outside of the Corps of Engineers may use
the program without charge. HEC will not provide user assistance or support for this software
to non-Corps users. Downloading this software indicates full acceptance of your responsibility
in the use of this program. Please see the distribution policy for more details.
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https://www.hec.usace.army.mil/confluence/hmsdocs/hmstrm/infiltration-and-

runoff-volume/linear-deficit-and-constant-model

Linear Deficit and Constant Loss Method
Basic Concepts and Equations

The linzar deficit and constant loss method (LS method) is 8 medification of the initizl and constant
method [s22 Schoener et.al, 2021):

where f, (mm/hr or inghr) is the potential infiltration rat= 3t dme t, 7 (mm or in) is the cumulative
infiltration at time ¢, £ (mm or in) is the inidal de m [1/hr] is the infiltration rate decay factor with
respect to cumulative infiltration, and K. [mmybr or infhr) is the constant infiltration rate or aeffective
hydraulic conductivity.

Infiltration

The LC model kets the potentizl infiltration rate fstart st a al value fz {mm/hr or in/hr) and decrease
linzarly as 3 functon of cumulative infiltration until reaching a constant rate ., when cumulative
infiltration is egual to initial deficit . Due to the lingar relatonship, only m nd - need 1o be defined in
addition to &,;. Compared to other simple loss methods such as the initial and constant or curve number
maodel, the LC method has the advantage that it does not use an initizl sbstraction term and will simulate
runoff from the start of a rainfall event if precipitation intensity for a given time step exceeds potential
infiltration rate.

Event-Based Simulation

The LC model accounts for a single, hypothetical soil layer, hereafter referred to as the octve soil layer.
The soil layer has imurn capacity to hold water. Figure 1 below shows a conceptuzl representation
of the linzar deficit and constant loss method when the active soil layer is nof pletely saturated, ie.,
the layer contains less water than the maximum storage capacity. The deficit, measured in mm orin, is
the amount of water required at any point in time to bring the active layer to s3turation. During event-
based simulation (Figure 1, l=ft), water will infiltrate into the soil at 2 rete determined by the initial

infiltration since the onset of the storm_ If 2t any point in time the
precipitztion rate excesds the potentizl infiltration rate, the difference (infiltration excess) will become
runcff. If the precipitation rate at a given time is equal to or lzzs than the potential infiltration rate, all
rainfall infiltrates into the soil.

Continuous Simulation

The LC method also allows for continuous simulztion (see Figure 1, right) when used in combination with

3 canopy method that allows extraction of water from the soil due to evapotranspiration. Continuous

simulation reguires the specification of anather loss parameter, the maximum deficit. This value can be
8z the porosity multiplied by the thickness of the active layer and is mezsured in millimeters

For centinuouws simulation, the modeler must szlect a canopy method (under subbasin elements) and
specify an evapotranspiration (ET) method [under meteorologic models). ET removes water from the
L s0il lzyer between and, depending on user setting, during storm events. The potentdal

1

Evapotranspiration rate is taken from the meteorologic model, where a variety of methods are avzilable
for representing that process. The ET rate is used as spedfied by the meteorologic model without any
medification. There is no further evapotranspiration after the water in the soil layer is reduced to zero.
ET will start again &5 soon &5 water is present in the soil layer. Unless a3 canopy and ET method are
szlected, no soil water extraction will oocur. The canopy method also allows the modeler to simulate
interception, the portion of precipitation intercepted by wegetation that never reaches the ground.

Event-based simulation Continuous simulation

represEnt
lea]

Percolation

‘onoe the active layer has saturated (the deficit is egual 1o zero), the potential infiltration rate becomes
=qual to the constant rate. Water will percolate out of the bottomn of the active soil layer at a rate equal
to the actual infiftration rate (322 Figure 2). Percolation water is lost from the system. Peroolation will
continue as long as the soil layer is at maximum storage capacity, and precipitation continues. The linear
deficit and constant method should thersfore not be wsed for systems whers:

# The water table iz closz to the surface, and the vadose zone could saturste completely during
the anzlysis period; or
An impermezble layer is prasent at a depth sufficently shallow that 2 perched aguifer could
form during the analysis period.

In both cases, there would be ne percolation once the sctive layer is ssturated, and zll additionzl
precipitation would become runoff.
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B HEC-HMS 4.11 Beta 11 [C\temp\LC_maodel_testing\Event_based\LuckyHills_LC_final\LuckyHills_v2 hms]

File Edit View Components GIS Parameters Compute Results Jools Help
(] ™ & ’_ Q& e s '¥ k = E; -+- --None--
Run: 01 2010 07 26 v B mEE A e

’ (] --Nona-- - “« 4 » 1l B I InpEEs i & B B2
a S I IeX > . LuckyHills_v2 ~ & Basin Model [LuckyHills_LC] Current Run [01_201... - | (51 utidm

| Basin Models
=5 LuckyHills_LC
+1de 102

o

e Evaluate model
performance
(Sara’s Masters Thesis) o Tl

*Initial Deficit (MM) |17
*Maximum Deficit (MM) |17
*Constant Rate (MM/HR) 13

Components Compute Results

*Decay Factor (1/HR) |-3.0 NOTE 10187: Closed project "WG_B11_GA v4” at time
18May2023, 07:55:02.
NOTE 10008: Begin opening project "LuckyHills_v2" in directory

e Test model in SSCAFCA —

E Graph for Subbasin 103"

*Impervious (%) 0.0

File Edit View

watershed (Calabacillas

0.0
0.5
1.0
15
2.0
25

3.0

Depth (mm)

0.6

05

0.4

0.3

02

0.1

0.0

18:30 1845 19:00
26Jul2010

Legend (Compute Time: 10May2023, 09:51:10)

W Run:01 2010 07 26 Element 103 Result Precipitabio

— 1_2010_07_26 Element 103 Result Precipitahon Los
Run:01 2010 07 26 Element 10
Run:01_2010_07_26 Element 103 Result Baseflow

Flow {cms)




Theory Practice

= &



One more update:




more update:

—
-
<
IS
S
[]
ot
©
i
c
.0
=1
©
—
=
L=
£

Sand (Plot B)

dry (0.092)
int. (0.154)
wet (0.204)
crust (0.073)

dry (0.068)
int. (0.100)
wet (0.152)
crust (0.114)

Loam (Plot H)

dry (0.110)
int. (0.195)
wet (0.389)
crust (0.176)
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Loamy sand (Plot G)

dry (0.095)
int. (0.172)
wet (0.199)
crust (0.115)
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dry (0.123)
int. (0.217)
wet (0.426)
crust (0.229)
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Silty clay (Plot F)

dry (0.135)
int. (0.326)
wet (0.367)
crust (0.183)
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Sand (Plot B)
dry (0.092)
int. (0.154)
wet (0.204)
. crust (0.073)

20 30 40 50 60

Sandy loam (Plot E)

dry (0.068)
int. (0.100)
wet (0.152)
crust (0.114)

30 40 50 60

Loam (Plot H)
50

dry (0.110) 40
int. (0.195)
wet (0.389) 30
crust (0.176)
20
10

0

Time (min)

Loamy sand (Plot G)

dry (0.095)
int. (0.172)
wet (0.199)
crust (0.115)

10 20 30 40 50 60

Sandy clay loam (Plot A)

dry (0.123)
int. (0.217)
wet (0.426)
crust (0.229)

20 30 40 50 60

Silty clay (Plot F)

dry (0.135)
int. (0.326)
wet (0.367)
crust (0.183)

Table 2. Proposed infiltration model parameter values for sand. loamy
sand, and sandy loam for varying antecedent soil moisture conditions

Parameters for sand,

Antecedent
loamy sand, and sandy loam

soil moisture
(m3m™3) [, (mm) F. (mm) 1) (mm)

133 (84-183)
104 (55-155)

0.02 30 (23-45 48 (36-72)
0.06 21 (15-36 36 (23-66)
0.10 3 (6-28; 23 (10-54) 76 (27-126)
0.14 4 (0-19) 10 (0-41) 47 (0-98)
0.18 0 O-11) 0 (0-28) 19 (0-69)

0 (or presence of 0 (0=2) 0 (0-16) 0 (041)
physical soil crust)

Note: Values were calculated using the median slope and intercept (first and
third quartiles in parentheses) from linear regressions.
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