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Introduction

This slideshow includes over 100 figures and tables that illustrate a 
proposed collection of parameter estimates for the Treasure Valley 
Groundwater Flow Model (TVGWFM) and the performance of this 
model compared to historical observations. These results are visualized 
in a variety of ways. An explanation is provided before each type of 
figure. Please contact Stephen Hundt (shundt@usgs.gov) with any 
additional questions or comments.



Observation Group Residual Statistics

The following table shows residual statistics for 8 different observation groups that were used to constrain the parameter estimation. 
Several different statistics are provided.

- #: The number of individual observations in a group.

- Min: The minimum observed value in a group.

- Max: The maximum observed value in a group.

- Range: Max ςMin.

- Mean Absolute Residual: The mean of the absolute values of residuals in a group. This is the mean distance that each residual is 
away from zero. The lower the better.

- Mean Absolute Residual ÷ Range: Expressed as a percent of the range. A (rough) rule of thumb for this is <5% good; 5-10% fair; 
>10% poor. This can be sensitive to outliers, which tend to affect the range more than the mean absolute residual and lead toa 
lower (better appearing) value. This is likely the case for the River Discharge Observation Group.

- Mean Residual: The mean value of the residuals. Positive and negative residuals will cancel one another out in this calculation. 
Values closer to zero can be achieved by having a good balance of positive and negative values and/or having smaller residuals. 
The lower the better. 

- RMSE: The Root Mean Square Error. The residuals are squared in this calculation, giving large residuals a greater influence than in 
the Mean or Mean Absolute Residuals. The objective function that is minimized in the parameter estimation process is also 
calculated with squared residuals so this statistic, while harder to interpret than the others, is more like what drove the parameter 
estimation process.

- Residual Percentiles: These are included to help demonstrate the spread in the residuals. The smaller and more symmetric around 
a 50th percentile value of zero the better.





Residual Scatter Plots

The following figures each contain 3 plots. 

- Left: Observed versus simulated values. This plot includes every single 
observation target used in the parameter estimation process for each group. The 
ŎƭƻǎŜǊ ǘƘŜȅ Ŧŀƭƭ ǘƻ ǘƘŜ ŘŀǎƘŜŘ άм-to-мέ ƭƛƴŜ ǘƘŜ ōŜǘǘŜǊΦ ±ŀƭǳŜǎ ŀōƻǾŜ ŀƴŘ ƭŜŦǘ ƻŦ ǘƘŜ 
line are simulated too high and values below and to the right are simulated too 
low. There are too many points too see each one individually. They are plotted 
with transparency so that coordinates with many overlapping points appear 
darker. 

- Middle: Observed versus residuals. The closer these fall to the horizontal dashed 
line the better. Also, it is considered better if there are no visually obvious trends 
in these plots. The presence of a trend (such as in vertical head diffs, and both 
Lowell seepage groups) indicates that the model is missing or not fully 
reproducing some phenomenon (such as seasonal variations in Lake Lowell 
seepage) that is observed in the system. 

- Right: A histogram of residuals. Ideally these would see a large peak at zero and 
taper (sharply) symmetrically away from zero to make a bell-shaped curve. 













Lake Lowell Discharge Observation Group



Lake Lowell Discharge Difference Observation Group



River(and ungageddrain) Discharge Observation Group



Maps of Mean Water Level Residuals

These maps plot the mean residual value for the water level 
observation group.  Dark blue points show wells that are modelled too 
high, dark red points are too low, and yellow points have little (mean) 
error. There are six maps, one for each model layer. Many observation 
wells are screened or open across multiple layers. In these cases, the 
same point is shown for every layer in which the well is open. 
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Maps of Vertical Water Level Difference 
Residuals
These maps plot the mean residual value for the vertical water level 
difference observation group.  This is the observation group that consists of 
pairs of wells that are located nearby geographically, but which are open to 
different model layers. There are cases in which pairs of wells show upward 
gradients (water levels in lower layer are higher than in upper layer), 
downward gradients, or no vertical gradients. The color of the point 
represents the size of the residual between the observed vertical gradient 
and the simulated vertical gradient. Additionally, in cases where the gradient 
was simulated in the wrong direction or the model disagreed with the 
observations about whether a vertical gradient is present at all, the points 
are marked with a diamond shape. For this comparison, an observed or 
simulated vertical difference of less than 5 feet is classified as having no 
gradient. 
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Flow Direction Map

The following map shows the net flow direction for each cell of the 
model. The overall flow vectors from all layers are added together and 
shown as a single vector. The direction of each vector arrow shows the 
net flow direction in that cell. The length of the arrow represents the 
relative flow amount in that cell. The vertical component of flow is not 
represented fully, but a distinction is made between upward and 
downward flow. The green arrows are those with a net upward flow 
and purple are those with a net downward flow. 





Water Levels Simulated Above Ground 
Surface
The following two maps show locations in which the model is 
simulating heads above the mean ground surface elevation of a model 
cell. The first map only shows locations for which the heads in layer 1 
are above ground surface. The second map shows the maximum value 
across all layers. Artesian conditions are present in some parts of the 
model area. In most cases, however, water levels above ground surface 
are due to the model overestimating water levels in these locations. 
The mean head residual maps will show where these overestimates 
occur. 



Simulated head 
above ground 
surface

Layer 1 heads only



Simulated head 
above ground 
surface

Maximum of all 
layers



Water Budgets Compared to Previous Studies

The following two tables show how water budgets during select times 
and areas of the TVGWFM compare to water budget estimates from 
past studies. The first table compares the budgets of the TVGWFM to 
the Treasure Valley Hydrologic Project (TVHP) for the area 
encompassed by the TVHP model. The second table compares the 
TVGWFM to the groundwater flow model produced by the Bureau of 
Reclamation (BOR) and extended by IDWR (Sukow) for the Payette 
River Valley. A small map is provided on each slide to show the budget 
zone for each table. See the full-sized flow direction map for a larger 
version of these budget zone boundaries.







Parameter Values

The following set of figures show maps of the estimated parameter 
values for drain conductance, river conductance, horizontal hydraulic 
conductivity (Hk), vertical anisotropy (Vk), and specific yield and 
storage coefficient (S). Six maps are included each for Hk, Vk, and S ς
one for each model layer. In addition, each slide shows a map of the 
primary  material classification within each model cell (most contain a 
mix of materials) as defined by the Hydrogeologic Framework 
(Bartolino, 2020). Finally, on each Hkslide a figure of hydraulic 
conductivity ranges for different material types (Freeze and Cherry, 
1979) is shown along with a red box identifying the range of Hk
estimates. 







(ft/day)



(ft/day)

The units in the above map are the dominant 
type in each model cell. There are few cells that 
are exclusively one type or another, so the 
equivalent deposit type was made up a mixture 
of types for most cells. To calculate material 
property (hk, ss, vk) bounds of each cell a 
weighted average of the component material 
properties was calculated. Arithmetic (weighted) 
means for hk and ss, and geometric means for 
vk. The upshot is that materials with higher 
property values had an outsize influence for the 
equivalent hk and ss bounds, and materials with 
lower values an outsized influence on vk. 
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Drain Discharge Simulated and Observed 
Hydrographs
The following figures show the simulated and observed hydrographs for 
each major drain area within the TVGWFM. The map on the left shows 
the cells that represent the drain area along with the name of that 
drain area. The plot on the top right shows the simulated discharge 
(red line) for each month of the model period along with any observed 
values (black points) of drain discharge. The plot on the bottom right 
shows a scatter plot of simulated versus observed values for the 
current drain (red) beside those of all drains (grey). 

























River and Ungauged Drain Seepage Simulated 
and Observed Hydrographs
The following figures show the simulated and observed hydrographs of 
seepage for several river reaches within the TVGWFM. In some cases, 
these value are plotted along with discharge in adjacent drain areas. 
This is done where unmeasured drains flow into the river and this 
discharge cannot be differentiated from gains and losses across the 
riverbed. The map on the left shows the cells that represent these river 
reaches and drain cells along with names. The plot on the top right 
shows the simulated gains and losses (lines) for each month of the 
model period along with any observed values (black points) of gains 
and losses. 






