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Introduction

One of the most difficult water-budget components to estimate is subsurface inflow or outflow from an aquifer because di-

rect measurement is not possible and the data required for indirect estimates often are lacking. The groundwater-flow model of

the Wood River Valley (WRV) aquifer system requires estimates of the volumetric flow rate of groundwater through alluvium in

tributary canyons into the main aquifer system. Following the usage of Garabedian (1992) for the groundwater-flow model of the

Eastern Snake River Plain regional aquifer system, this volumetric flow rate is referred to as tributary basin underflow.

Smith (1960) inferred geologic sections at 27 streamgages in the Malad River basin in order to qualitatively estimate basin

yield (estimated as “the sum of surface runoff and ground-water underflow from a basin.”). Ten of the streamgages evaluated

were in the WRV, four of which are applicable to the estimate of tributary basin underflow: Big Wood River near Ketchum, Warm

Springs Creek at Guyer Hot Springs near Ketchum, Warm Springs Creek near Ketchum, and Trail Creek at Ketchum. Smith’s es-

timates are:

1. Big Wood River near Ketchum: “The ground-water component probably is more than 10 percent of the water yield.”

2. Warm Springs Creek at Guyer Hot Springs near Ketchum: “Underflow probably is less than 1 percent of the water yield.”

3. Warm Springs Creek near Ketchum: “The . . . alluvium probably transmits a moderate amount of ground water past the

gage site. The amount cannot be estimated.”

4. Trail Creek at Ketchum: “Underflow . . . is believed to be an appreciable percentage of the water yield of the . . . drainage

area.”

The volumetric water budget described in Bartolino (2009) identifies recharge from 28 tributary canyons as the largest com-

ponent of recharge to the WRV aquifer system. This estimate was based on the U.S. Geological Survey (USGS) StreamStats tool

(Ries and others, 2004) which uses regression equations from gaged streams to estimate flow in ungaged streams. For 23 of the

tributaries Bartolino (2009) assumed that all of this estimated flow was recharged; the remaining five major tributaries were as-

sumed to recharge 50 percent of the measured or estimated flow. Previous estimates of tributary recharge, such as Smith (1959)

and Wetzstein, Robinson, and Brockway (2000), were made with basin-yield calculations or model results: they are roughly

comparable to those in Bartolino (2009).

Because Bartolino (2009) constructed a volumetric water budget for the entire aquifer system no effort was made to differ-

entiate subsurface volumetric flow rates from recharged tributary streamflow. Thus, the recharge estimates made by Bartolino

(2009) are not directly comparable to estimates of tributary basin underflow calculated for the groundwater-flow model.
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Tributary Basin Underflow

The process of tributary basin underflow begins with infiltration of precipitation that falls within tributary basins; this water

eventually reaches the water table and flows down gradient. Groundwater recharge occurs either directly over the extent of the

WRV aquifer system (Bartolino and Adkins, 2012) or as flow into the aquifer system through the subsurface. Because the bound-

aries of the groundwater-flow model of the WRV aquifer system do not include the entire mapped extent of the aquifer system

(fig. E1), tributary basin underflow is defined as groundwater flow into the model domain that originates as precipitation in the

tributary basins.

Tributary basin underflow estimates often are made using Darcy’s equation and assumed constant over time; that is, they are

long-term averages that do not account for temporal variability in precipitation and snowmelt. There is likely a lag time of some

months between precipitation infiltration and movement of the tributary basin underflow into the model domain that is depen-

dent on antecedent soil moisture, topographic gradients, and hydraulic conductivity. Because of multiple recharge events and

the time lag, recharge tends to be distributed or integrated over time rather than having distinct peaks (such as seen in graphs of

streamflow or precipitation). Thus some way of measuring the seasonal variation is needed to represent the temporal variation in

tributary basin underflow. One such technique is to apply a ‘seasonal-scaling index’ to convert the long-term average underflow

into a monthly or quarterly value. In this study, the seasonally adjusted tributary basin underflow is expressed as:

Qtrib,i = Qtrib SIi for i = 1,2, . . . ,192 (1)

where

trib is a unique identifier for the major tributary canyon;

i is the month as a counting number (1–192) where 1 is January 1995 and 192 is December 2010;

Qtrib,i is the mean volumetric flow rate to the model domain from tributary trib during month i, in cubic meters per day;

Qtrib is the estimated mean volumetric flow rate to the model domain from tributary trib during the model simulation pe-

riod (1995–2010), in cubic meters per day; and

SIi is the seasonal scaling index during month i, a dimensionless quantity.

Groundwater enters the model domain through tributary cells located in the major tributary canyons and beneath the valley

floor at the confluence of the Big Wood River and the North Fork Big Wood River (BWR Upper) (trib no. 2 in fig. E1). The

BWR Upper is classified as a major tributary canyon in this document. Twenty-two major tributary canyons were identified in

the WRV (table E1). A scarcity of field observations in the major tributary canyons indicate large uncertainty in the historic flow

contribution from each of the tributary basins. Therefore, tributary cells are placed in the upper part of the tributary canyons to

help constrain model errors that may propagate into the model from these model boundaries. Simulated hydraulic heads in the

tributary canyons should be considered less reliable than in the WRV. The process of designating the location of tributary cells

(appendix D, p. D9) also included (1) maintaining continuous grid coverage in the narrow and steep tributary canyons, and (2)

leveraging existing data on depth to bedrock either from drillers’ logs or geophysical data. A consequence of these boundaries is

a reduction in the extent of the modeled aquifer system from the full extent of the aquifer system.
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Table E1. Initial and secondary estimates of mean tributary basin underflow and selected tributary basin information. [Trib No.: is an identifier used to locate the trib-

utary model boundaries on the map in figure E1. Canyon width: is the width of the tributary canyon floor measured perpendicular to the canyon axis (also known as

the ‘transect line’) Saturated thickness: is the vertical distance between bedrock and the water table. Saturated area: is the saturated cross-sectional area beneath

the transect line represented by the lower-half of an ellipse. Hydraulic gradient: is the average slope of the water table in the near vicinity of the transect line. Darcy

flow: is the Darcy estimate of mean tributary basin underflow. Precip. rate: is the average precipitation rate in the tributary basin. Basin area: is the drainage area of

the tributary basin. Basin size: is an identifier indicating the size of a tributary basin, where ‘big’ and ‘small’ indicate basin areas greater than and less than 10 square

miles, respectively. Precip. flow: is the precipitation estimate of mean tributary basin underflow. Flow ratio: is the ratio of Darcy to precipitation mean tributary basin

underflow. Flow rate: is the secondary estimate of mean tributary basin underflow. These flow rates are preliminary and were adjusted during model calibration. Ab-

breviations: m, meters; m2, square meters; m3/d, cubic meters per day; m/d, meters per day; acre-ft/yr, acre-feet per year]

Name
Trib
No.

Canyon

width
w

(m)

Saturated
thickness

∆d
(m)

Saturated
area
Asat

(m2)

Hydraulic

gradient

∇h
(1)

Darcy flow

(initial

estimate)

Qd

(m3/d)

Precip.

rate
Pb

(m/d)

Basin
area
Ab

(m2)
Basin
size

Precip.

flow

Qp

(m3/d)

Flow
ratio

r
(1)

Flow rate
(secondary

estimate)

Q

(m3/d)

Flow
rate

(acre-ft/yr)

Adams Gulch 1 198 14.8 2,302 0.0482 2,874 2.1×10−3 2.8×107 big 59,438 0.048 2,874 851

BWR Upper 2 468 9.5 3,492 0.0228 2,063 2.3×10−3 4.6×108 big 1,057,998 0.002 2,063 611

Chocolate Gulch 3 216 17.9 3,037 0.0727 5,720 1.5×10−3 2.6×106 small 3,963 1.443 197 58

Clear Creek 4 190 10.6 1,582 0.0795 3,258 1.4×10−3 5.2×106 small 7,205 0.452 358 106

Cold Springs Gulch 5 105 19.3 1,592 0.0576 2,375 1.5×10−3 7.8×106 small 11,888 0.200 591 175

Cove Canyon 6 932 2.0 1,464 0.0127 482 1.0×10−3 3.6×107 big 37,824 0.013 482 143

Croy Creek 7 424 12.2 4,063 0.0226 2,379 1.1×10−3 7.3×107 big 80,692 0.029 2,379 704

Deer Creek 8 694 22.5 12,264 0.0155 4,925 1.7×10−3 1.4×108 big 247,659 0.020 4,925 1,458

Eagle Creek 9 325 22.9 5,845 0.0226 3,423 2.0×10−3 2.8×107 big 57,457 0.060 3,423 1,013

East Fork 10 431 13.2 4,468 0.0137 1,586 1.8×10−3 2.2×108 big 402,738 0.004 1,586 470

Elkhorn Gulch 11 118 2.5 232 0.0289 173 1.3×10−3 3.4×107 big 42,147 0.004 173 51

Greenhorn Gulch 12 262 23.7 4,877 0.0182 2,300 1.9×10−3 5.4×107 big 102,125 0.023 2,300 681

Indian Creek 13 326 25.2 6,452 0.0485 8,107 1.2×10−3 2.8×107 big 33,682 0.241 8,107 2,401

Lake Creek 14 407 20.7 6,617 0.0472 8,092 1.9×10−3 3.1×107 big 58,357 0.139 8,092 2,396

Lees Gulch 15 252 17.5 3,464 0.0556 4,989 1.0×10−3 7.8×106 small 8,105 0.616 403 119

Ohio Gulch 16 379 25.9 7,710 0.0664 13,263 1.1×10−3 1.3×107 small 14,409 0.920 716 212

Oregon Gulch 17 60 13.7 646 0.0177 296 1.8×10−3 1.3×107 small 23,415 0.013 1,163 344

Quigley Creek 18 404 18.3 5,807 0.0126 1,896 1.2×10−3 4.4×107 big 52,053 0.036 1,896 561

Seamans Gulch 19 424 47.5 15,818 0.0160 6,557 1.0×10−3 6.0×107 big 62,140 0.106 6,557 1,942

Slaughterhouse Gulch 20 227 18.4 3,280 0.0200 1,700 1.2×10−3 3.4×107 big 39,806 0.043 1,700 503

Townshead Gulch 21 222 19.1 3,330 0.0476 4,107 1.0×10−3 2.6×106 small 2,702 1.520 134 40

Trail Creek 22 656 38.2 19,681 0.0191 9,739 2.3×10−3 1.7×108 big 380,404 0.026 9,739 2,884

Warm Springs Creek 23 493 13.9 5,382 0.0117 1,631 2.4×10−3 2.5×108 big 605,188 0.003 1,631 483
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Long-Term Mean Volumetric Flow Rate

Darcy’s Equation

Mean tributary basin underflow is estimated with Darcy’s equation (Darcy, 1856) whereby the water-table gradient is multi-

plied by the hydraulic conductivity and saturated cross-sectional area of the tributary basin. The mean tributary basin underflow

(Q in equation 1) is expressed as:

Qd = K Asat ∇h (2)

where

Qd is the Darcy estimate of mean tributary basin underflow, in cubic meters per day;

K is the hydraulic conductivity, in meters per day;

Asat is the saturated cross-sectional area, in square meters; and

∇h is the hydraulic gradient, a dimensionless value.

Hydraulic conductivity

Hydraulic conductivity is a property of soils and rocks that describes the ease with which water can move through pore spaces

or fractures. Equation (2) assumes an identical aquifer material type within the tributary canyons. Therefore, a single hydraulic

conductivity of 25.9 meters per day (m/d) (85 feet per day [ft/d]) is used. This hydraulic conductivity value is the average of two

geometric means of hydraulic conductivity measurements in the unconfined alluvium aquifer (Bartolino and Adkins, 2012, ta-

ble 2).

Saturated cross-sectional area

The saturated cross-sectional area (Asat in equation 2) is defined along a transect line that is roughly perpendicular to the

canyon axis and extends downward beneath the canyon floor, in which the upper and lower boundaries are defined by the wa-

ter table and bedrock surface, respectively. For example, the transect line and saturated cross-sectional area of the Deer Creek

tributary is shown in figure E2. A scarcity of well-log information in the major tributary canyons requires the use of a simplified

geometry to represent the saturated cross-sectional area. The assumed geometry of the saturated cross-sectional area is taken as

the lower-half of an ellipse, expressed as:

Asat =
π w∆d

4
(3)

where

π is the ratio of a circle’s circumference to its diameter, a dimensionless quantity approximated as 3.14159;

w is the width of the tributary canyon, in meters; and

∆d is the saturated thickness, in meters (table E1).

Saturated thickness is taken as the depth below the water table to bedrock. It is assumed that the tributary contains a peren-

nial or ephemeral stream, the surface of which is represented by the lowest land-surface elevation along the transect line and

that this elevation represents a flat, level water table across the transect line. The bedrock elevation is taken as the elevation of

bedrock in the nearest well or geophysical measurement.

Hydraulic gradient

The hydraulic gradient (∇h in equation 2) is the average slope of the water table in the near vicinity of the transect line. A

scarcity of observation wells in the major tributary canyons requires an estimation of the hydraulic gradient using land-surface

elevations. This method of estimation first defines an axial line of equal length and perpendicular to the transect line; its mid-

point located at the midpoint of the transect line. For points located along the axial line (with an equal interval point separation

of about 10 m), the land-surface elevation is interpolated from the 1
3
-arc-second National Elevation Dataset (U.S. Geological Sur-

vey, 2009). The slope of the regressed line through these pointwise elevation values is taken as the estimated hydraulic gradient

(table E1).
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Figure E2. Deer Creek tributary canyon (A) transect line and (B) estimated saturated cross-sectional area.

Correction for Smaller Tributaries

An implicit assumption in the volumetric flow rate estimated by the Darcy equation (equation 2) is that the saturated thick-

ness and hydraulic gradient remain constant, implying an unlimited supply of water. While this assumption may be valid for

larger tributary canyons with perennial streamflow, it is likely violated when estimating the volumetric flow rate in smaller trib-

utary basins with ephemeral streamflow. In either case, the maximum possible yearly volumetric flow rate cannot be more than

the yearly precipitation that falls in the drainage basin, and probably much less when evapotranspiration and sublimation are con-

sidered. The assumption of a constant saturated thickness and hydraulic gradient, in combination with ambiguity because of the

lack of well or geophysical data (typical of the smaller tributaries), results in more uncertainty in the volumetric flow rates esti-

mated using Darcy’s law in smaller tributary canyons. The following describes the method used to account for the overestimation

of volumetric flow rates in the smaller tributaries.

A drainage basin area for a tributary canyon is defined as the area of land where groundwater from rain or melting snow con-

verges at the tributary boundary. Smaller basins were identified by plotting basin areas for each tributary canyon on a logarith-

mic scale (fig. E3). A natural break was found at about 26 square-kilometers (10 square-miles) and tributary basins less than this

break were designated as ‘small’, and all others were designated as ‘big’.
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Assuming all precipitation infiltrates and recharges the water table in the tributary basin, a secondary estimate (or maximum

threshold value) of the mean tributary basin underflow (Q in equation 1) is calculated by multiplying a basin’s average rate of

precipitation by its drainage area, and expressed as:

Qp = Pb Ab (4)

where

Qp is the precipitation estimate of mean tributary basin underflow, in cubic meters per day;

Pb is the average precipitation rate in the tributary basin, in meters per day; and

Ab is the drainage area of the tributary basin, in square meters (table E1).

The ratio of Darcy to precipitation mean tributary basin underflow estimates (r) (table E1) is then expressed as:

r =
Qd

Qp

. (5)

And the mean tributary basin underflow ratio for the larger tributary canyons (rbig) is 0.05, and expressed as:

rbig =
1

n
∑
Trib

rTrib (6)

where

Trib is a unique identifier for a major tributary canyon that was classified as ‘big’;

n is the total number of ‘big’ tributaries (n = 16); and

rTrib is the tributary basin underflow ratio for tributary Trib, a dimensionless quantity.

The mean tributary basin underflow of a ‘small’ tributary canyon is calculated by multiplying its precipitation tributary basin

underflow estimate (Qb in equation 4) by the mean tributary basin underflow ratio for the larger tributary canyons (rbig in equa-

tion 6), whereas for ‘big’ tributary basins, the volumetric flow rates are taken as the Darcy estimate defined in equation (2). The

secondary estimate of mean tributary basin underflow (Qtrib in equation 1; table E1; fig. E4) is then expressed as:

Qtrib =

{

Qp,trib rbig if tributary basin is ‘small’,

Qd,trib if tributary basin is ‘big’.
(7)

Seasonal Scaling Index

The seasonal scaling index is typically the ratio between short and long-term means of a proxy, such as precipitation or stream-

flow. Hsieh and others (2007) applied a similar ‘scaling index’ to apportion tributary basin underflow for the Spokane Valley-

Rathdrum Prairie groundwater-flow model.

The most obvious basis for a seasonal scaling index are groundwater-levels recorded in wells located in the major tributary

canyons. However, pumping effects and the lack of wells with continuous groundwater-level measurements during the simulation

period make this approach impracticable. Precipitation data were also considered as a basis for calculating a seasonal index but

were rejected for three reasons: (1) only two weather stations in the WRV have sufficient data to make such an estimate, (2) these

stations likely do not represent conditions in the higher elevations of the tributary valleys, and (3) snowmelt and infiltration may

occur several months after the precipitation falls as snow thus requiring another adjustment. Weather data were used to adjust the

timing of precipitation and snowmelt for areal recharge (appendix F), but surface elevations among weather stations range over

only 430 m (1,400 ft) within the model domain. Because elevations in tributary canyons may range over 1,950 m (6,400 ft), with

large variability between tributaries, existing weather data are not likely to adequately represent conditions in the tributaries.

Streamflow measurements account for the various surface-water components, such as overland flow or flow from springs and

seeps, and integrate flow contributions from all the tributary basins above the current streamgage, and thus captures the timing of

both precipitation and snowmelt; although detailed spatial and temporal resolution is sacrificed. Because streamflow data provide

a reasonable representation of the timing and amount of precipitation and snowmelt above the streamgage, they can serve as a

basis for the calculation of a seasonal scaling index. Additionally, streamgages often provide a long-term continuous record that

is lacking in meteorological data from weather stations.
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Figure E3. Basin area in ascending order plotted on a logarithmic scale.
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Figure E5. Daily streamflow at the Hailey (13139510) streamgage located on the Big Wood River, Idaho.

The Big Wood River at Hailey streamgage (13139510) (fig. E1) was chosen as a basis for temporal variation because it has

continuously recorded streamflow data for the entire simulation period. The record at Hailey goes back to 1915 making it the

oldest continuously operated streamgage in the WRV. Of the 22 major tributary basins for which tributary basin underflow were

calculated, 15 are up-valley from the streamgage including the five largest (Deer Creek, Trail Creek, East Fork, Warm Springs

Creek, BWR Upper). The only upstream irrigation diversion large enough to significantly affect the flow is the Hiawatha Canal

(fig. E1).

Daily mean streamflow at the Hailey streamgage from January 1994 through December 2010 (fig. E5) was retrieved from

the USGS National Water Information System (U.S. Geological Survey, 2014). Streamflow data for 1994 were retrieved for use

in calculation of a moving average, described below. The Hailey streamflow record shows extreme variability, sometimes with

large month-to-month fluctuations. Because the conceptual model of tributary basin underflow described above suggests that

the processes of infiltration and groundwater movement both integrate and lag specific recharge events, a process is needed to

incorporate these effects to compute a realistic seasonal scaling index.
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Moving Average

A simple moving (or running) average of the daily streamflow measurements is used to smooth out short-term fluctuations in

flow, and integrate and lag specific recharge events (as described in the previous paragraph). A moving average is calculated for

each month during the 16-year simulation (1995–2010). For a given month, the moving average is equal to the mean streamflow

measurement for data recorded in a sampling window. The upper calendar-date limit for the sampling window is taken as the 1st

of the current month; whereas, its lower limit lags behind the upper limit by a fixed time period. Monthly moving averages are

expressed as:

Dma,i =
1

∆t

∫ ti−∆t

ti

f (t) for i = 1,2, . . . ,192 (8)

where

Dma,i is the moving average streamflow at the Hailey streamgage for month i, in cubic meters per day;

∆t is a real value time duration for the sampling window, in days;

ti is the start of the first day of month i, a real value Julian calendar date-time in days; and

f (t) is a continuous piecewise linear function of daily streamflow measurements at the Hailey streamgage (fig. E5), with

time as the dependent variable; returns an interpolated streamflow value in cubic meters per day.

Given the scarcity of hydrogeologic information in the tributaries, it was assumed that the model can at best represent sea-

sonal fluctuations in tributary underflow. Therefore, mean seasonal moving average streamflows were calculated, and expressed

as:

Dma, j =
1

3

3 j

∑
i=3 j−2

Dma,i for j = 1,2, . . . ,64 (9)

where

j is the season as a counting number (1–64) where 1 is January through March 1995, and 64 is October through December

2010; and

Dma, j is the mean seasonal moving average streamflow, in cubic meters per day.

And the mean of these seasonal values expressed as:

Dma =
1

64

64

∑
j=1

Dma, j (10)

where

Dma is the mean of the mean seasonal moving average streamflow during the 1995 through 2010 time period, in cubic

meters per day.

For the purpose of simplifying the derivation of the seasonal scaling index, the mean seasonal moving average streamflow is re-

ferred to as the ‘moving average’ in the remainder of this document.
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Amplitude Reduction

The strong signals in the Hailey streamflow hydrograph are preserved within the moving averages; therefore, a method is

needed to reduce these signals to better reflect the relatively weak signal of measured groundwater-level hydrographs in the WRV.

The method chosen is a signal amplitude reduction algorithm (McCoy, 2011). This low-pass filter reduces the amplitude of the

moving average hydrograph (bringing large and small values closer to the mean) but does not alter the mean value. The amount

of amplitude reduction (damping) is controlled by a reduction factor which must be greater than or equal to 1. Note that a reduc-

tion factor of 1 does not change the moving average. The signal amplitude reduction algorithm is expressed as:

Dar,ma, j = Dma −
Dma

RF
+

Dma, j

RF
for j = 1,2, . . . ,64 (11)

where

Dar,ma, j is the amplitude reduced moving average, in cubic meters per day; and

RF is the reduction factor, a dimensionless quantity.

And the mean of these amplitude reduced seasonal values is expressed as:

Dar,ma =
1

64

64

∑
j=1

Dar,ma, j (12)

where

Dar,ma is the mean amplitude reduced moving average, in cubic meters per day.

Scaling Index

The scaling index (SI in equation 1) is used to represent the temporal variation in tributary basin underflow. The seasonal

scaling index is equal to the amplitude reduced moving average (Dar,ma in equation 11) divided by its mean (Dar,ma in equa-

tion 12), and expressed as:

SI j =
Dar,ma, j

Dar,ma

for j = 1,2, . . . ,64 (13)

where

SI j is the scaling index for season j, a dimensionless quantity.

And the monthly seasonal scaling index is then expressed as:

SIi = SI j where j =

⌈

i

3

⌉

for i = 1,2, . . . ,192. (14)

where

SIi is the scaling index for month i, a dimensionless quantity.
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Figure E6. Seasonally adjusted tributary basin underflow in the Deer Creek tributary canyon calculated using a 1- and 9-month

sampling window, while holding constant the reduction factor at 1 and estimated long-term average underflow at 4,937 cubic

meters per day.

Sensitivity Analysis

The seasonally adjusted tributary basin underflow (Q in equation 1) in the Deer Creek tributary canyon was calculated during

the model simulation period (1995–2010) using sampling windows (∆t in equation 8) of 1 and 9 months; results are shown in fig-

ure E6. As expected, longer sampling windows resulted in extended lag-times with increased integration of specific recharge

events. A preliminary sensitivity analysis of tributary underflows to changes in the sampling window size indicated that a 9-

month window provides the best compromise between timing (accounts for spring snowmelt) and magnitude (smearing) of monthly

mean streamflow. A 9-month sampling window was used as an initial estimate for all tributaries during the 16-year simulation.

Figure E7 shows the results of varying the reduction factor (RF in equation 11) in the Deer Creek tributary canyon from 1 (no

amplitude reduction) to 2. As expected, the larger reduction factor resulted in an increase in smaller values of volumetric flow

and a decrease in larger values, with the mean remaining the same. A reduction factor of 2 was used as an initial estimate for all

tributaries during the 16-year simulation, although there is very little evidence to indicate whether this is the most appropriate

initial estimate.

Given the large uncertainties associated with the estimate of long-term mean tributary basin underflow (Qtrib in equation 1),

its magnitude is allowed to vary during model calibration. For example, figure E8 shows the seasonally adjusted tributary basin

underflow in the Deer Creek tributary canyon varying the original estimate of long-term mean tributary basin underflow (ta-

ble E1) by 120, 100, and 80 percent. As expected, the underflow hydrograph shifts up or down in proportion to the change in

the original estimate of long-term mean tributary basin underflow.

A similar distribution pattern was expected for all tributary underflow hydrographs in the WRV because of similar precipi-

tation patterns in the WRV and surrounding areas. Therefore, a single sampling window and reduction factor were specified for

all tributaries and allowed to vary during model calibration. Because of the variability of basin characteristics, all estimates of

long-term mean tributary basin underflow in the 22 tributaries were allowed to vary independently of each other during model

calibration.
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Figure E7. Seasonally adjusted tributary basin underflow in the Deer Creek tributary canyon calculated using a reduction factor

of 1 and 2, while holding constant the sampling window at 9 months and estimated long-term average underflow at 4,937 cubic

meters per day.
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Figure E8. Seasonally adjusted tributary basin underflow in the Deer Creek tributary canyon calculated using 120, 100, and 80

percent of the estimated long-term average underflow (4,937 cubic meters per day). The sampling window and reduction factor

were held constant at 9 months and 2, respectively.
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