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activated as response for mouse clicks over each icon. The representations included in the

current distribution of IFIS Model-Plus are,

Distributed Cumulative Precipitation

There are five different types of representations related to Distributed Cumulative
Precipitation, each one related to different accumulation periods of rainfall of 3-hours, 6-
hours, 12-hours, 24-hours as moving windows and fix window accumulation of daily time
intervals. The difference between 24-hours and Daily time intervals is the segmentation of
time between images in the animated sequence - while the 24-hours representation provides
the accumulated precipitation in the past 24 hours from any rounded hour in a day, daily
time interval provides the accumulated between the midnight of a specific day and the
midnight of the following day. When representing the output of a single sc-model, the color
code follows the standard adopted by IFIS for representing rainfall intensities (Figure 1a)
and a value interval from 0.5 to 10 inches (Figure 9a). The comparisons between
precipitations registered by two sc-models represents the direct difference of cumulative

values for up to 2 inches difference (Figure 9b).

Distributed Cumulative Surface Runoff

It represents the accumulated volume of water (in equivalent water column) that
reached a specific hillslope-link after being partitioned into the surface runoff component
of the hydrological cycle. As the volume of produced runoff follows a close order of
magnitude as Distributive Cumulative Precipitation, similar time intervals of
accumulations of 24, 12, 6, and 3 hours are presented in equivalent color codes for both
representations of runoff output from single sc-models (Figure 10a) and the comparison

between the cumulative runoff output of two sc-models (Figure 10Db).
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Figure 10 — Examples of 24-hours cumulative distributed runoff representation for (a) a
single sc-model using IFC Rain product and (b) its comparison with another using
NOAA-MRMS rain product.
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The historical data of water release from reservoirs was not included in this
simulations, therefore all links associated to lowa dams are modeled as simple natural
channels.

For evaluating results, some locations in which a USGS stream gage is available

were arbitrarily selected, as identified in Figure 22.

Figure 22 — Identification of selected locations used on evaluation.
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5.2 - Flood of 2016

5.2.1 - Event Description

The Cedar River Basin was affected by a major flood event in September of 2016,
causing thousands of residents to voluntarily evacuate their residences and temporarily
close roads and commercial establishments in cities like Cedar Falls, Waverly, Vinton and
Cedar Rapids.

Climate conditions that resulted in this scenario include a wet summer, with the
months of July and August recording precipitation levels above average (NWS, 2016),
followed by to the occurrence of two intense rainfall events. The first one on September
16™, widely spread across the territory of the state and which caused the soil to become
saturated, and the second was a cluster of storms on September 21% and September 22,
which impacted the northern headwater regions of the watershed. These events generated
high volumes of runoff.

The cities of Waverly, Cedar Falls, Waterloo and Evensdale were affected by the
flood crest in September 24" (Figure 23a and Figure 23b). About 115 kilometers
downstream the Cedar River, the cities of Vinton, Palo and Cedar Rapids were affected on
September 27", with minimal impacts in the later one due to the implementation of
mitigation strategies, such as the wide use of sandbags and HESCO barriers as levees
(Figure 23c and Figure 23d). Despite the magnitude and widespread of these floods, the

author of this work is unaware of death causalities due to this event.
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Figure 23 — Impacts of the flood event on Cedar River in 2016 included (a) the closing of
roads in Waverly, (b) total submersion of buildings in Evensdale, (c) isolation of
residences in Palo and (d) partial inundation of commercial zones in Cedar Rapids,
reduced by the effective usage of mitigation techniques. Source: IFC archive.

5.2.2 - Runset Setup
Both TL-Standard and TL-Low Percolation sc-models were included in this sc-
runset. The initial condition for both models was defined trough the algorithm described in
Appendix 2 with base flow established from a data analysis involving the entire year of
2016 (bf start = January 1%, 2016 and bf end = December 31%, 2016) and a top layer
assumed to be relatively dry (2.2 cm of stored water column equivalent). The simulation

was performed for the time interval from September 11" to October 1% of 2016. Ideally,

57



the initial condition would be established from a “warm up” run, but due to time limitations
it was decided to use the simpler base flow initial conditions set up.
5.2.3 - Models Results

Representations of soil moisture-related outputs illustrate how significant the Top
Layer portion of the soil got affected by the first rainfall event (September 16", 2016),
changing from an average of 40% (Figure 24a) to an average of 50% across the entire
domain (Figure 24b), while the central-north region of the state (headwaters of Cedar
River) exhibited high levels of water in the soil in the beginning of the simulation (Figure

24c), soils got even more saturated after the precipitation event (Figure 24d).
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Figure 24 — Effects of rainfall prior to the flood events of 2016 on soil moisture modeled
by TL-Standard include increase of (a)(b) Top Layer water saturation and (c)(d)
subsurface equivalent water column.
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