


 

Figure 4. Head-sensitivity maps for storage 
parameter, (a) MODFLOW-2000 1% scaled 
sensitivities, and (b) PEST generated 
sensitivities. 
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Figure 5. Head sensitivity to (a) layer-1 storage parameter for rising and (b) falling river 
stage, (c) class-A vegetation ET for rising and (d) falling river stage.
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Figure 7: Selected composite 
scaled sensitivities.

Figure 6. Selected composite 
scaled sensitivities 

relatively minor, especially if relative importance is 
the primary concern. However, it should be noted 
that even such small differences may result in 
significantly different outcomes over the course of 
a parameter-estimation run. 
 
Figure 5 demonstrates the transient nature of the 
sensitivity maps for the layer-1 storage parameter 
(a and b) and class-A vegetation ET (c and d) for 
a subregion of the LAB model domain. As the river 
stage rises and aquifer storage fills, the 
sensitivities are mostly negative indicating that an 
increase in storage coefficient will decrease the 
simulated head (Figure 5a), while in Figure 5b the 
values are mostly positive since the river stage is 
dropping and an increased storage coefficient 
results in heads staying higher at the end of the 
stress period. In addition to the sign, the maps 
indicate a shift in the high-sensitivity locations. In 
Figure 5c, the greater magnitude sensitivity 
locations indicate areas that, for increased class-
A vegetation ET rates, result in the least increase 

in heads as river stage rises during the stress period. In contrast, Figure 5d shows large areas of positive 
sensitivity as the river stage falls indicating that, contrary to intuition, a higher ET rate will increase heads 
in that particular falling-stage stress period, as discussed below. 
 
Composite Scaled Sensitivities 
 
The selected css (Figure 6) provide perspective on parameter 
importance using, for simplicity, only the head observations from 
the entire domain. Other results, not presented, would often 
include flow observations as well. The ET rate for class-E 
vegetation has greater overall impact than the rate for the other 
vegetation classes, A – D. The Rio Grande conductance (RIO_C) 
has slightly more potential to influence heads than the layer-one 
storage parameter (ssl1_lpf), but considerably less than drain 
conductance (DRN_C). 
 

DISCUSSION/CONCLUSIONS 
 
The simulations and results presented here are preliminary. While specific features are discussed for the 
sake of illustration, the primary objective is to demonstrate and advocate the overall process of viewing 
fluxes, sensitivities, and interpreting css. 
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The spatial and temporal variation of flux from the river to the aquifer reflects the proximity of groundwater 
levels to the ground surface. In Figure 3a, the stress-period 3 low river stage results in spatial variability of 
flux to and from the aquifer. In stress period 6, with higher river stage, this variability virtually disappears 
and the aquifer gains along the entire river subreach shown in Figure 3a. At lower flows the drains 
function primarily as a source of water, which may reflect the model’s use of a fixed-in-time drain stage, 
and is a potential target for future refinement. As river stage rises the drains perform a more typical role, 
removing water from the aquifer. The same discussion can be applied to Figure 3b; the format simply 
provides an alternative method of presentation which may better convey differences in flux magnitude 
and direction. 
 
The sensitivity maps show a strong dependence on river stage: ssl1_lpf is more sensitive on the right side 
of the river (Figure 5a) for rising stage and more sensitive on the left side for falling stage (Figure 5b). 
These visualizations should lead to questions such as: is this behavior expected, do the drain elevations 
dominate the system response, and what is the uncertainty of the drain elevations? Similarly, in Figure 
5d, does the positive sensitivity of riparian ET with falling river stage simply reflect a combination of head 
and depth-dependent extinction depth, or is the model somehow misrepresenting the physical system? 
 
The domination of the ET css by class E should raise basic questions about the simulation centered 
around determining the reasons that class E dominates other species and whether that is consistent with 
the physical system. For example, (1) is class E the spatially dominate species, (2) does class E have a 
greater extinction depth and ET rate, and (3) does class E preferentially occupy locations most conducive 
to ET, such as the lowest elevation locations. 
 
Each of the results discussed should provoke very basic questions, such as “why does the drain function 
as a conveyance in a particular stress period?”, or “will replacing a riparian vegetation species have much 
impact on the hydrologic system?”, forcing a more thorough understanding of the numerical 
representation and in so doing, a check against the conceptual expectation of the physical system. 
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