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Temporal and scaling issues arising from this procedure are discussed in Section 4: Summary

and Conclusions.

Figure 3: The Johnson Creek Watershed (red), the calibrated model of the JC upper
watershed gaged at Regner Road (green), and the validation Sunshine Creek watershed
(yellow)



2. HYDROLOGIC MODEL OF JOHNSON CREEK SUBWATERSHEDS

Hydrologic modeling is widely used as a tool to predict streamflow, groundwater levels, water
supply, and flooding risk by simulating hydrologic processes in a given drainage basin. Two
main classes of hydrologic models exist: deterministic and stochastic. A deterministic model has
a set processing algorithm that produces one result or set of results for one given input or set of
inputs. A stochastic model contains one or more random elements and is used to simulate
processes wherein the input to output relationship is stochastically or randomly determined. A
deterministic model contains no stochastic elements and is used to simulate processes wherein
the input variables have a direct (e.g. linear, power, log, etc.) relationship with the output

variables.

2.1 Precipitation Runoff Modeling System

2.1.1 Conceptual Model

The PRMS was selected as the hydrologic modeling system for this study. PRMS was developed
in 1983 by Leavesley et al. at the USGS Colorado Water Resources Center in Denver, Colorado.
The runoff model is part of the Module Modeling System (MMS), a framework of applications
for simulating streamflow. The MMS was not fully implemented in this study due to the

incompatibility of some MMS software with current operating systems.

PRMS is a deterministic, physical-process modeling system (Leavesley et al., 1983) and is used
to simulate streamflow in both urban and rural watersheds. The model uses computational
modules representing hydrologic system components and is defined by one or more system of
equations. Figure 4 shows compartments and modules represented in PRMS, as well as common
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data inputs (i.e. solar radiation, precipitation, and air temperature) PRMS relies on user input of

to generate streamflow output.

/Solar

radiation
Precipitation -
i
Evaporation ~ Sublimation i Air temperature
A 1 :
h 4 A 4
Plant canopy
interception
1
1 Rain 1 Throughfall (=
Evaporation : ® 4 : Ran
1
anq . : Snowpack 1 Evaporation
Transpiration 1
Transpiration ! s it : Surface runoff
f * \ 4 oW v Y to stream or lake
L
Soil-Zone Reservoir Impervious-Zone Reservoir
Rechargezone.
Lower zone
v Subsurface recharge
Ground-water
recharge Subsurface
Reservoir Interflow (or subsurface
flow) to stream or lake e
”

+ Ground-water recharge

Ground-Water
Reservoir

Ground-water discharge to stream or lake‘
!

Ground-water
sink

Figure 4: Conceptual framework of models within PRMS with arrows representing water
distribution and pathways



2.1.2 Hydraulic Response Units

PRMS has to modeling modes, and can function as either a distributed-parameter or lumped-
parameter model. For this study, the lumped-parameter mode was used. Watersheds are
partitioned into parcels of homogeneous hydrologic response based on watershed characteristics
such as slope, percent impervious surface, soil type, vegetation type and density, and aspect.
These parcels are called Hydraulic Response Units (HRUSs). Both water and energy balance are

calculated for each HRU for the time step chosen (e.g. daily). (Leavesley et al., 1983)

(2) EXPLANATION
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Streamflow gage at outlet

Figure 5: A simplified representation of six HRUs and three reaches within a watershed
(Adapted from Markstrom et al., 2008)

For this study HRUs were delineated based on three watershed characteristics: soil type, cover
type, and slope. Unlike Figure 5, HRUs in this study consist of several non-contiguous parcels of

land. Each are homogeneous with respect to all three characteristics, but are spread throughout
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The second method available is a set of equations based on daily mean temperature.

PET = CTS * DYL? * VDSAT

VPSAT

VDSAT =216.7 * TAVC12733

TAVC

VPSAT =6.180 * EXP [17.26939 * ——————]
TAVC+273.3

Equation Set 4: Potential evapotranspiration as a function of temperature and sunshine
hours possible, among other variables explained above (Leavesley et al., 1983)

The third method available is a set of equations also based on daily mean temperature.

PET = CTS * (TAVF-CTX) * RIN (13)
CTX =275 - 0.25 * (e2—€1) - (-])

CTS = [Cl+ (13.0* CH)]™

CH = (

50
e2 — el)

Equation Set 5: Potential evapotranspiration as a function of pan-evaporation rate at
temperature (Leavesley et al., 1983)
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2.2 Experimental Methods

2.2.1 Data Collection

Several data sets were used as either time series input for HRU delineation and parameterization.
This section outlines the source of each data set as well as the data obtained or collected if

readily available.

2.2.1.1 Soil
Soil data for the study was obtained through the NRCS online Web Soil Survey
(websoilsurvey.nrcs.usda.gov). An area covering the extent of the Johnson Creek Watershed was

downloaded on 4/25/2013. The data was then clipped to the subwatersheds of focus.

2.2.1.2 Cover

Cover data was provided by the City of Portland Bureau of Environmental Services (BES) and
complied by the Intertwine. The data set characterized type of cover in the Portland Metro area
as of 2010 and included three levels of discretization. For the purpose of this exercise, the least

resolute scale was used. PRMS further bins the data into only five groups.

2.2.1.3 Slope
Slope data was derived from Digital Elevation Model (DEM) produced from City of Portland
LiDAR data. The Slope geoprocessing tool in ArcMap was applied to the DEM and calculated

percent slope. Further discussion on processing elevation data is included in Section 2.2.2.

2.2.1.4 Precipitation
A precipitation time series is required as an input to the PRMS model. Water is then routed to

through each PRMS module as appropriate given modeling parameters. (See Figure 4) The
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USGS maintains a City of Portland rain gage network called the Hydra Network. Follow the

following link for a map of all rain gages included in the Hydra Network:

(http://or.water.usgs.gov/non-usgs/bes/raingage info/clickmap.html)

Figure 6 shows the location of the two gages closest to the SCS and JCUW. While the Cottrell
School rain gage is located within the boundaries, due to the average distance from the centroid
of both basins, the Gresham Fire Department Rain Gage was chosen as the primary gage for this
study. The daily total was extracted from the gage data file for the period of record, dating back

to June 1998.

Figure 6: Reference location of the two closest rain gages available from the Hydra
Network (http://or.water.usgs.gov/non-usgs/bes/raingage info/clickmap.html)
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Figure 8: The GUI for a single PRMS run in daily-mode

Run-time graphs allow the user to track multiple variables as they are being modeled. This can
aid in visually trouble-shooting a model without the need to create a separate plot. The user can
specify how many run-time graphs to be produced and what variables they contain. The graphs
have limited labeling and customization abilities however; the user cannot specify the range of

values to be plotted without changing the model start and/or end time.

Figure 9: Example PRMS runtime graph (prior to calibration) for JCUW including
maximum and minimum temperature, precipitation
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2.3 Calibration

Calibration is an important step in developing a hydrologic model, or any predictive model.
Many calibration algorithms exist, but most follow similar procedures. Objective functions are
used to determine how well the model is simulating each observed value. Objective function
values describe the correlation or goodness of fit between observed and simulated streamflow.
Input parameters are altered and the simulated values are tested again against the observed
values. If the objective function indicates a better fit than the previous step, the new parameter
values are substituted for the current values and the process starts over. If the objective functions
indicate a worse fit, the current parameter values are retained and a different set of new
parameter values are tested. For this study an automatic-calibration tool called LUCA (Let Us
CAlibrate) provided by the USGS was used. The calibration procedure used is detailed in the

following section.

23.1 LUCA

Data used for calibration was obtained from the USGS National Water Information System

website (http://waterdata.usgs.gov/nwis). As discussed earlier, the Regner Road stream gage in
Gresham, Oregon was selected because the length of available data. The period of record dates

back to 1998 and contains average daily flow and water temperature measurements.

A multiple objective, step-wise calibration system, able to adjust multiple parameters
simultaneously, was used to calibrate PRMS for the Johnson Creek Subwatershed model. The
model was calibrated using a different set of parameters for each step. Parameters and objective

functions selected were based on discussions with John Risley, Hydrologic Modeler with USGS,

20












typical values, or through the use of parameter optimization. In this study parameter values were
estimated using automatic-calibration and manual-calibration techniques. For more discussion of

calibration procedures, see Section 2.3.
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4. SUMMARY AND CONCLUSIONS

Water quality is an important aspect of overall stream health. Studying the hydrology of a
watershed provides better understanding of factors influencing water quality. The PRMS
hydrologic model of the Johnson Creek headwaters aims to validate streamflow measurements
taken as part of the Johnson Creek Hydrology Study. Using GIS tools to characterize the subject
drainage basins and estimating other physical processes, model parameters were compiled for the
Johnson Creek Upper Watershed and the Sunshine Creek Subwatershed encompassed by the

former.

Parameters not obtained by estimation or geoprocessing were calibrated to the Regner Road
stream gage. The calibrated parameters were then transferred from the Johnson Creek Upper
Watershed (JCSW) model to the Sunshine Creek Subwatershed (SCS) model. Geoprocessed
parameters and other estimated physical parameters were combined with calibrated parameters.
The outcome was successful within the bounds of assumed cumulative error (i.e. data error,

model error, and parameter).

The primary limitation of this process is spatial scale disparity between the two subwatersheds,
which translates into parameter error for the SCS. The JCUW is a factor of 3 larger than the SCS.
The spatial difference directly translates into a temporal difference as well. Travel time for water
to reach the stream gage is likely significantly less in the smaller subwatershed. While attempts
to minimize limitations and error were made, the results of this study and future results using the
procedure applied should be taken only as supplemental information until further research is

made into the scientific validity of the methods involved.
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