Wet Soil and Heavy Rain:

Understanding the 2008 Midwest Flood:

Weather –Climate Connection

Christopher J. Anderson1, Martin P. Hoerling2, Xiao-Wei Quan2
1University of Iowa, Ames IA.  2NOAA Earth System Research Laboratory, Boulder CO.

     Historic high flows occurred in numerous Upper Midwest rivers during 2008, and the resulting inundation of Cedar Falls and Iowa City, Iowa in early June was devastating.  As the crest from flooded rivers to the north progressed into the channels of the main stem Mississippi by mid-June, major flooding commenced in Davenport and Burlington, Iowa and unrelentingly spread across Quincy, Illinois and St. Louis, Missouri.  The proximate cause for the flooding was frequent heavy rains that were concentrated in the headwaters of the Upper Midwest rivers, the meteorological conditions of which are discussed elsewhere in this report.  The Upper Midwest also experienced wet conditions for many months prior to the heavy April-June rains --- the resulting antecedent wet soils primed the region for subsequent flood risks even if only normal Spring rains had followed.  Pointing to the significance of such saturated soils, NOAA’s Advanced Hydrologic Prediction Service (AHPS) stated in their seasonal outlook issued on March 20 that “Major floods striking America’s heartland….offer a preview of the spring seasonal outlook… We expect rains and melting snow to bring more flooding this spring… Americans should be on high alert to flood conditions”.  

    There is reason to suspect that the early Spring wet soils may themselves have primed the pump for more intense rain events during following months, further enhancing flood risks.  We base this view on results from new model simulations that indicate saturated 

1 April 2008 soils substantially enhanced rainfall intensity and frequency in the subsequent April-June season.  The Weather Research and Forecast model (WRF), run at 12km horizontal resolution, includes sophisticated parameterization of moist-processes and permits dynamical scale interactions that facilitate realistic simulation of mesoscale convective systems and land surface feedback that may have been critical in weather-climate coupling during 2008.  Two parallel runs of the WRF model were conducted for April-June 2008, one begun from 1 April “wet” soils and the other begun from “dry” soils, each specified over the entire contiguous U.S.  The former refers to an initial specification of soil moisture at the model's porosity throughout its 2m soil depth, while the latter refers to an initial specification of soil moisture at the model's "wilting point" for vegetation (i.e., no transpiration).  After 1 April, the model’s soil moisture evolved thru coupled land-atmosphere physics.  The model was integrated regionally over the domain shown in Figure 1, and each WRF simulation was identically constrained at the lateral boundaries using 6-hourly analyses derived from the NCEP/NCAR Reanalysis-2 data.    

    The April-June 2008 positive rainfall anomalies were concentrated in the Iowa/Southwest Wisconsin region (Fig. 1, top), where rainfall departures exceeded +300mm.  That soil moisture feedbacks may have been a contributing factor is suggested by the “wet” minus “dry” soil moisture runs of WRF (Fig. 1, middle).  The maximum rainfall sensitivity resides over the greater Iowa region of observed flooding rain, with greater than +300mm additional seasonal precipitation falling in “wet” versus “dry” soil runs.   The time evolution of precipitation over Iowa in the two runs shows a two-fold increase on AMJ precipitation in the “wet” soil experiment (Fig. 1, bottom).  The effect of individual weather systems can be readily seen in the time series of each model integration, though clearly more rainfall events and of greater intensity occur in the simulation begun from saturated soils.

     The experiments alone do not provide quantitative attribution of the effect that soil moisture in 2008 may have exerted on flooding rains----the runs employ a mixture of realistic and idealized forcing.  The realistic component is the specification of the observed time evolving lateral boundary conditions such that the sequence of observed synoptic weather events traversing into the domain is identical to what was observed.  In contrast, soil moisture conditions were idealized.   The runs do highlight, nonetheless, that the capacity of individual weather systems to generate rainfall is quite sensitive to the land surface condition.  It is thus reasonable that wet soils at the beginning of spring 2008 could have elevated ensuing flood risk in the Upper Midwest beyond what even NOAA’s AHPC outlook forewarned. 
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Figure 1.  Observed April-June 2008 precipitation anomaly (mm) based on the North American Regional Reanalysis (NARR, top).  The difference in simulated April-June precipitation (mm) between parallel model runs begun with “wet” versus “dry” 1 April soil moisture conditions (middle; see text for details).  Simulations are based on the regional WRF model, whose domain is shown by the map boundaries.   The time series of accumulated daily precipitation (mm) over the Iowa region from 1 April thru 30 June based on WRF runs begun from “wet” and “dry” initial 1 April soils.  Red box in middle panel denotes the area used to generate the time series. 

