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Introduction  

Climate in Iowa is changing in ways, at rates, and for reasons that require 
analysis for future planning and risk management.  The past 30, 50, or even 100 
years of climate data are no longer the sole source of the best available information 
for future planning relating to agriculture, water resources, ecosystems or human 
health.  While observations are the cornerstone of climate science, models must now 
be used to synthesize observations and project future climate scenarios for 
decision-making on long term issues.  

)Ï×ÁȭÓ ÅÃÏÎÏÍÙ ÉÓ ÈÉÇÈÌÙ ÄÅÐÅÎÄÅÎÔ ÏÎ ×ÁÔÅÒ ÆÏÒ ÉÔÓ ÒÁÉÎ-fed agriculture.  
Timing and amounts of precipitation are critical to agricultural production.  But 
there are many other climate factors that influence the economy and well being of 
Iowa citizens and communities.  This paper provides a very brief overview of 
climate factors and possible changes that are of interest for Iowa.  Appendix 1 
provides a (likely incomplete) list of factors for consideration when assessing 
impacts of climate change for Iowa. 
 
Observed and Projected Changes for Iowa  
 The following paragraphs provide examples of recent trends and variability 
of a few climate factors in Iowa and projections of their future changes.  These 
trends and projections are based ÏÎ ÁÎÁÌÙÓÅÓ ÏÆ )Ï×ÁȭÓ ÐÁÓÔ ÃÌÉÍÁÔÅȟ ÇÌÏÂÁÌ ÍÏÄÅÌÉÎÇ 
studies reported by the Intergovernmental Panel on Climate Change (IPCC 2007), 
the report of the US Climate Change Science Program (Backlund et al., 2008), our 
own peer-reviewed climate change research results from Iowa State University (see 
citations), and personal interactions with colleagues in the climate science 
community. 
 
Precipitation 

Precipitation in Iowa has trended gradually upward for the last 100 years, 
although year-to-year variability is high (Fig. 1).  Eastern Iowa has a higher upward 
trend than the statewide average (Fig. 2).   There also has been a change in 
ȰÓÅÁÓÏÎÁÌÉÔÙȱȡ  ÍÏÓÔ ÏÆ ÔÈÅ ÉÎÃÒÅÁÓÅ ÈÁÓ ÃÏÍÅ ÉÎ ÔÈÅ ÆÉÒÓÔ ÈÁÌÆ ÏÆ ÔÈÅ ÙÅÁÒȟ ÌÅÁÄÉÎÇ ÔÏ 
wetter springs and drier autumns as is shown in Fig. 3.  Trends toward more 
precipitation and changed seasonality, as well as higher increases in eastern Iowa, 
are projected to continue (IPCC, 2007).  This has high impact on agriculture due to 
the possibility of more water-logging of soils and delayed planting in spring but 
improved crop dry-down conditions in fall.  The central US also has been 
experiencing more variability of summer precipitation (CCSP, 2008), with more 
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intense rain events and hence more episodes of higher runoff.   Records for Iowa 
stations also show a higher tendency for more intense rain events, as shown in Fig. 4 
for Cedar Rapids.  Note the increase in the last half century in number of years 
having eight or more days with daily total precipitation exceeding 1.25 inches.   This 
same pattern has occurred in Des Moines (Fig.  5) where more than three times as 
many intense rain events have occurred in the last half century.  Although we have 
not looked at this specifically for Iowa, some regions, such as Europe that also 
experience more intense rain events, are finding longer periods between rain 
events, thereby leading to increased probability of drought.    

A very strong trend in Iowa and the Midwest is an increase in absolute 
humidity as measured by dew-point temperature (Fig. 6). The summertime dew-
point temperature increase of about 3.5oF as measured in Des Moines in the last 35 
years means that the atmosphere has about 13% more moisture as measured by the 
change in saturation vapor pressure (es) (Fig. 6).  This has agricultural and 
horticultural implications of higher probability of disease and pathogens such as 
fungus and toxins due to longer periods of dew on crops.  It also raises chances for 
growth of mold in basements or other cool areas that come in contact with more 
humid air.  The higher atmospheric moisture content also provides more water to 
fuel the convective thunderstorms that provide abundant summer precipitation in 
our region.  There is growing evidence that summer storm systems may be stronger, 
although trends in extreme events such as tornadoes are difficult to quantify.  
 
Temperature 

)Ï×ÁȭÓ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅ ÔÅÍÐÅÒÁÔÕÒÅ ÈÁÓ ÉÎÃÒÅÁÓÅÄ ÓÉÎÃÅ ρψχσ ÁÔ Á ÒÁÔÈÅÒ 
modest rate (Fig. 7), but seasonal and day-night changes are proportionately larger 
and have higher impacts.   Temperatures have increased six times more in winter 
(0.18oF/decade) than in summer (0.03oF/decade), and nighttime temperatures have 
been observed to be increasing more than daytime temperatures.  Since 1970 daily 
minimum temperatures have increase both summer and winter (Fig 8), and while 
daily maximum temperatures have risen in winter they have actually declined 
substantially in summer.   A NOAA study (NRDC 2010) of the summer of 2010 has 
shown that none of the 23 Iowa stations in the NOAA Historical Climatology 
Network reported 2010 to be among the five hottest summers, but four reported 
2010 having the highest average nighttime temperatures on record.  And 16 stations 
had average nighttime temperatures among the five hottest on record.  

Iowa now has longer frost-free periods now than in the past (Fig. 9), with a 
statewide average of about 5 more frost-free days currently  than in 1950.  I prefer 
ÎÏÔ ÔÏ ÕÓÅ ÔÈÅ ÔÅÒÍ ȰÇÒÏ×ÉÎÇ ÓÅÁÓÏÎȱ ÂÅÃÁÕÓÅ ÃÈÁÎÇÅÓ ÉÎ ÔÅÍÐÅÒÁÔÕÒÅ ÁÎÄ 
precipitation may even shorten the growing season for some plants despite a longer 
frost-free period.  The later fall freeze-up is revealed by the trend (Fig. 10) toward 
later dates for the first statewide 4-inch soil temperature to fall below 40oF.  Figure 
11 shows that the number of growing degree days at various locations in the state 
have changed very little over the last 40 years.   Rising nighttime temperatures have 
offset declining daytime temperatures (see Fig 8 c and d) to produce little change in 
both daily mean temperature and growing degree days. Average winter 
temperatures have increased more than average summer temperatures.  Fig. 12 
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reveals the downward trend in heating degree days, widely used as a measure of 
cold-season demand for space heating.  

Iowa now experiences fewer extreme cold temperatures in winter as 
evidenced by Figs. 13 and 14.  I caution, however, that the extreme cold data for Des 
Moines might be influence by the urban heat-island effect not accounted for in these 
plots. More occurrences of temperatures hovering near 32o F in transition seasons 
will likely increase the number of freeze-thaw cycles.  It also is likely that 
temperature variability may increase in a future climate.  Higher winter 
temperatures bring higher probability of rain and lower probability of snow, which 
may lead to more winter soil moisture recharge.  More rain events during cold 
periods would increase health problems for agricultural animals not having shelter. 

A trend in summer temperatures that seems counter to global and 
continental trends likely related to human-induced climate change is that Iowa (and 
the central US) has fewer extreme high temperatures in summer than in the past 
(see Figs. 15 and 16).  To explore whether cloudiness has a role in reducing daytime 
maximum temperatures in summer we examined trend in cloud cover for Iowa 
stations.  Measurements of cloud cover are not as reliable as temperature or 
precipitation, but there is some evidence for an increase in summer cloudiness in 
Iowa over the last 40 years as shown in Fig. 17 for Des Moines (Mason City and 
Cedar Rapids also have experienced increases).   

Our research has suggested more soil moisture is a possible reason for this 
anomaly (Pan et al., 2004).  Another possibility is that recent temperature increases 
over higher terrain in the western US is producing a tendency toward more high 
pressure to the west of Iowa and a consequent increase in flow from the north 
during the warm season (Pan el al., 2009b), but there may be other explanations 
(Kunkel et al., 2006).  This trend has been highly favorable to corn production in 
Iowa, and likely has been a contributing factor to the current upward trends in corn 
yields of 3 bushels per acre per year, compared to 2 bushels per acre per year before 
1995 (K. R. Lamkey, private communication).  Results of global climate models (IPCC 
2007) do not project this pause in the warming to persist, although our regional 
model simulations for the mid 21st century (Pan et al., 2004) suggest the central US 
will warm but not nearly as much as other regions of the US.   More extensive 
modeling we currently have in progress likely will shed more light on this important 
ÆÅÁÔÕÒÅ ÏÆ )Ï×ÁȭÓ ÓÕÍÍÅÒÔÉÍÅ ÃÌÉÍÁÔÅȢ 
 
Storm tracks 
 Storms tend to track SW-NE across the state in the spring (March-May) but 
then transition to a west-to-east orientation in summer, occasionally having a NW-
SE track in mid summer (Fig. 17ɊȢ  Ȱ&ÏÏÔÐÒÉÎÔÓȱ ÏÆ ÄÁÉÌÙ ÓÔÏÒÍ ÔÏÔÁÌ ÐÒÅÃÉÐÉÔÁÔÉÏÎ 
tend to be oblong with major axis aligning with the storm tracks and following the 
seasonal storm track changes in orientation.  Since most Iowa river basins are 
oriented NW-SE and rivers flow to the SE, early season precipitation patterns tend 
have axes perpendicular to basin orientation and streamflow direction.  Later season 
storm total precipitation footp rints, however, have a higher likelihood of aligning 
along the basin, with rainfall during the storm tracking downstream within the 
basin (See Fig. 18 for 9 August 2010).  Figure 19 shows the precipitation pattern for 
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the Ames flood of August 10, 2010 showing the daily total precipitation pattern 
oriented NW-SE, which allowed a high amount of precipitation to fall in the Squaw 
Creek basin.  For a given amount of rainfall, the later season precipitation patterns, 
therefore, have a higher probability of creating flood events within a basin.   
 
Wind speed 
 Surface wind speeds (at the standard measurement height of 10 m) have 
been reported to be declining over the last 30 years (Pryor et al., 2009), and future 
projections suggest this trend will continue (Segal et al., 2001). Reduced surface 
wind speeds have negative impact on agriculture (less ventilation of crops during 
intense heat, longer dew periods at night, etc.) and human health (more intense heat 
waves, build-up of urban air pollutants, etc.).  This trend in surface winds does not 
necessarily mean that wind speeds at heights of wind turbine generators (80-100 
m) will be declining, since factors such as land use have lesser impact at 80 m than 
at 10 m.   Interannual variability of wind speed at turbine heights is of much more 
importance to the wind power industry than is long-term trend.  
 
Solar radiation, cloud cover 
 Surface solar radiation in the Mississippi River Basin has been declining due 
to increased cloud cover for the period 1948-2004  according to Qian et al. (2007), 
which is consistent with Iowa observations as shown for Des Moines in Fig. 17.  
These authors use a model to estimate hydrological properties not routinely 
measured, and they find that evapotranspiration also has been declining.  
Simulations of a future climate based on increased greenhouse gas concentrations 
(Pan et al., 2004) shows that the decline in surface solar radiation is likely to 
continue. 
 
Streamflow 
 Levels of streamflow are amplified by changes in precipitation, leaving areas 
having relatively modest topographic variation prone to flooding, as has been 
demonstrated in the last 20 years in Iowa.   Our studies of streamflow (Jha et al., 
2004) under climate change show that 21% increase in precipitation in a future 
scenario (2040s) climate leads to a 50% increase in streamflow in the Upper 
Mississippi River Basin.  Fig. 20 (adapted from data presented in Jha et al. [2004] 
and Singh et al. [2009]) shows this relationship between precipitation and 
streamflow. 
 
Soil moisture, tile drainage 
 Soil moisture has not been widely measured over long periods of time to 
assess trends.  Variations in soils, slope, and subsurface geological conditions are 
complicating factors that also influence soil moisture variability.  Iowa soils 
generally are deep with good water-holding capacity, so soil moisture is related to 
total seasonal precipitation and is less sensitive to exact timing of precipitation than 
would, say, sandy soils or shallow soils.  The IPCC (2007) report suggests that, based 
on global model simulations, the model consensus is that there will be a weak 
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decline in soil moisture in Iowa over the 21st century.  Interannual variation likely 
will be a more significant factor than long-term trends, however.   
 The precipitation intensity increase observed in the Midwest in the 20th 
century is projected to continue in the future.  Over vast areas of Iowa having poor 
natural soil drainage, flow in agricultural drainage tile responds disproportionately 
to rainfall.  Our simulations of tile drainage by two regional climate models for a 
mid-century climate scenario (Singh et al., 2009) showed that increases in 
precipitation of 24% and 32% (and accompanying warming) leads to drainage tile 
flow increases of 35% and 80%, respectively, together with a seasonality shift 
toward more spring precipitation and flow.  The proportionately higher increase in 
drainage tile flow (compared to increase in precipitation) is consistent with the 
higher increase in streamflow previously mentioned.  
 
Tropospheric ozone 
 Ozone in the lowest five miles of the atmosphere (troposphere) is produced 
by both natural and anthropogenic (mainly high-temperature burning) causes.  
Being distinctly different in concentration from stratospheric ozone (which is 
produced naturally and destroyed by human emissions of long-lived chlorine 
containing compounds), tropospheric ozone has negative impact on agriculture and 
human health.  General increases in temperature and population growth suggest 
future increases in tropospheric ozone are likely.  Agricultural crops, particularly 
soybeans, as well as horticultural crops, are negatively impacted by tropospheric 
ozone. 
 
Carbon dioxide 
 Carbon dioxide has increased by over 30% since the beginning of the 
industrial revolution and 22% since 1960.  Enhanced atmospheric carbon dioxide 
enhances crop growth, particularly in C3 plants such as soybeans.  Continued 
increase of atmospheric carbon dioxide will continue to favor C3 plants  over C4 
plants (such as corn) and will provide some plants in natural ecosystems a favorable 
advantage over their competitors.  Most plants considered weeds for agriculture are 
C3 plants, unfortunately.  Recent research indicates that some of the beneficial 
effects of increased carbon dioxide are offset by negative effects of enhanced 
tropospheric ozone (McKee, 1994). 
 
Soil carbon 
 While not normally considered a climate factor, carbon content of soil has 
high agricultural impact due to its water-holding capacity and general contribution 
to soil quality.  It also is a candidate for carbon sequestration in efforts to mitigate 
climate change.  Iowa soils have lost about half of their pre-European-settlement 
carbon levels due to agricultural tillage.   While reduced tillage is stemming this 
trend, climate change in the form of temperature increases and increased soil 
moisture likely will accelerate soil microbial activity that leads to breakdown of soil 
plant matter into carbon dioxide.  Our studies (Pan et al., 2009a) show that higher 
carbon uptake by crops in future climates lead to higher plant respiration as well as 
higher amounts of grain.  Since grain is harvested and not returned to the soil and 
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other plant parts do not add extra carbon to the soil, there is a reduction in soil 
carbon in future climates.  Recent research efforts to convert a portion of 
agricultural residue to biochar (a form of carbon that have beneficial properties of 
soil carbon but has a soil lifetime of hundreds of thousands of years) are seeking 
ways to build soil carbon as prairie fires have done in the past. 
 
 
Plant growth 

Phenological stages are shortened in higher temperature and higher 
humidity environments, which might make plants more vulnerable to extreme 
climate conditions during critical periods such as pollination.  Increasing night-time 
temperatures in summer (Fig. 8) are suggested to cause lower grain weight in corn 
due to increased night-time corn plant respiration.  Weeds (many being C3 plants) 
grow more rapidly under elevated atmospheric carbon dioxide.  Weeds are 
observed to be migrating northward and are becoming less sensitive to herbicides 
(Backlund et al., 2008).  Plants generally have increased water used efficiency and 
are more drought tolerant under higher atmospheric carbon dioxide levels.   Some 
plants have had unusually strong response to climate change.  Studies of poison ivy, 
for example, has shown a doubled growth rate and a more powerful form of 
urushiol, the oil that causes the allergic reaction and rash (Doheny, 2007).  
 
Risk factors  
 Tables 1 and 2 give the distribution of insured crop losses for Iowa due to 
weather and economic factors for corn and soybeans, respectively (Milliman 2009).   
It is clear that for both crops the dominant factor leading to insured losses is 
precipitation extremes ɀ droughts or excess precipitation.  Crop breeding advances 
by major seed corn companies have improved drought tolerance for corn.  However, 
negative consequences of heavy precipitation and water-logged soils in the form of 
delayed planting, increased soil compaction, and reduced flow of oxygen to the root 
zone are not good candidates for improvements in crop breeding.   
 
Climate change and decisions by agricultural producers  
 

Several recent Iowa climate trends have relevance to agriculture: increase in 
frost-free days, earlier occurrence of last spring freeze, reduced extreme high 
summer daytime temperature, increased precipitation, increase in frequency of 
intense precipitation events, increased spring precipitation, decreased fall 
precipitation, and increase in dew-point temperature. 

Farmers have recognized these as facts, and they have responded:  they plant 
corn and soybeans earlier and select longer season hybrids to take advantage of the 
longer growing season.   They plant higher populations (~35,000 plants per acre) to 
take advantage of more soil moisture now due to more summer precipitation and 
soil moisture than 50 years ago.   This additional soil moisture and 
evapotranspiration contribute to lower daytime maximum summer temperatures, 
which have produced less daytime moisture stress and reduced pollination failures 
that might have occurred under dry conditions.  Higher precipitation amounts, 
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particularly in spring and early summer have prompted farmers to install more 
subsurface drainage tile at closer parallel spacings. They also have purchased larger 
implements to enable planting in smaller weather windows between spring rain 
events.  More tile is being installed on sloped surfaces:  these surfaces have natural 
drainage, but higher rainfall amounts prompt farmers to seek ways of getting rid of 
excess soil moisture faster to avoid nitrogen leaching from all surfaces, including 
hillslopes.   Higher monthly rainfall and more transpiration from crops have led to 
more dew-favoring and high-humidity -favoring pests and pathogens. Farmers have 
responded with new chemical controls.   Longer periods with dew on crops 
encourage growth of fungus, molds and toxins.  Longer periods of dew in fall have 
shortened the portion of the day when farmers can harvest soybeans successfully.   
Some farmers have purchased wider bean heads for their combines to enable more 
harvest during the dew-shortened daytime period.  

Many of these are substantially different from conditions in, say the period 
1940-1970, and most but not all of these have been favorable to agriculture.  In 
some cases, trends have been beneficial in the short term but may not be in the long 
run.  Upward trends in summer dew-point temperature, for instance, have 
suppressed extreme high temperatures.  However, night-time temperatures also are 
maintained at higher levels, which increases plant respiration that can reduce grain 
weight during the grain-filling period and increase asynchrony between pollination 
production (tassel) and fertilization (silks).  The cause of these changes, whether 
natural or anthropogenic, has not been a factor in farmer response.  The question is 
whether these trends will continue in the next 5-10 years.    

Farmers likely believe Iowa climate in the next 5-10 years will be similar to 
that of the most recent years.  For instance, they likely will not use the period 1940-
1970 (with 5 fewer frost free days, less precipitation, and several days above 100oF) 
as a basis for choosing their corn hybrid, expected planting dates, nor planting 
density for corn.  They likely will expect future trends, if any to be slow changes 
from the present with year-to-year variability due to natural causes.   

This is a good assumption. Over the next 5-10 years changes in growing 
season conditions are likely to be caused by occurrences of variations in sea-surface 
temperatures (El Nino, La Nina) or other such conditions that climate scientists have 
identified (Pacific Decadal Oscillation, Atlantic Oscillation), increase in solar 
radiation from the current cyclical minimum, volcanoes if they should occur, and 
other sources of natural variability.  

Rising greenhouse gases will likely keep the global mean temperature well 
above the mean of the last 100 years and will likely keep the year-to-year variability 
close to that of the last several years.   In Iowa, the conditions for the next 5-10 
years, both average and year-to-year variability, are much more likely to be similar 
to those of the last 10 years, rather than those of the period 1940-1970.  

Current decisions for which long-term climate change might be a factor 
include land purchase, installation (or not) of irrigation, installation of even more 
agricultural drainage tile, and installation of major conservation practices (riparian 
tree planting, major contouring, etc.). Factors other than climate change are major 
influences in these decisions. 
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%ÎÇÉÎÅÅÒÉÎÇ 3ÔÁÎÄÁÒÄÓȡ  7ÈÁÔ ÉÓ Ȱ.ÏÒÍÁÌ #ÌÉÍÁÔÅȱȩ 
The design process for major infrastructure, including roads, bridges, and 

buildings, requires information about ambient weather conditions to be 
experienced by the structure.  Likewise, advance planning for water management 
and power generation and distribution requires future climate information on 
scales of weeks to decades.  The conventional practice in the engineering 
community is to use the time-honored method developed by the World 
Meteorological Organization (WMO) and the National Oceanic and Atmospheric 
Administration (NOAA).   This method uses the most recent three completed 
ÄÅÃÁÄÅÓ ÁÓ ÔÈÅ ÄÅÆÉÎÉÔÉÏÎ ÏÆ ȰÎÏÒÍÁÌ ÃÌÉÍÁÔÅȱȢ  #ÕÒÒÅÎÔÌÙ ÔÈÅ ÏÂÓÅÒÖÅÄ ×Åather 
conditions at a location from 1971-ςπππ ÁÒÅ ÁÖÅÒÁÇÅÄ ÔÏ ÐÒÏÄÕÃÅ ÔÈÅ ÌÏÃÁÔÉÏÎȭÓ 
ȰÎÏÒÍÁÌ ÃÌÉÍÁÔÅȱȢ   5ÓÅ ÏÆ ÓÕÃÈ ÄÁÔÁ ÆÏÒ ÅÓÔÉÍÁÔÉÎÇ ÎÁÔÕÒÁÌ ÇÁÓ ÓÅÎÄ-out by utility 
firms, for example, leads to serious over-estimates of consumer demand in a 
location such as Iowa where winters are becoming much more mild.  Alternative 
methods are needed to better represent continuing climate trends, while 
concurrently allowing for high levels of interannual variability.     

In a peer-reviewed paper in the Journal of Applied Meteorology and 
Climatology, NOAA authors lead off their abstract with: 

 
WMO-recommended 30-yr normals are no longer generally useful for 
the design, planning, and decisionmaking purposes for which they 
were intended. They not only have little relevance to the future 
climate, but are often unrepresentative of the current climate. The 
reason for this is rapid global climate change over the last 30 yr that 
is likely to continue into the future.  (Livezey et al., 2007). 

 
There currently is no widely accepted replacement for the WMO standard 
for projecting future climate at arbitrary locations across the US. 

3ÉÍÉÌÁÒÌÙȟ ÔÈÅ ÂÕÉÌÄÉÎÇ ÉÎÄÕÓÔÒÙ ÕÓÅÓ Á ȰÔÙÐÉÃÁÌ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÙÅÁÒȱ ÏÒ 4-9ȟ 
which consists of hourly values of meteorological variables for each day of the year 
that can be used for designing heating and cooling systems and ambient conditions 
for determining typical heat and moisture flow through buildings.  The TMY 
currently used (TMY3) (NREL, 2009) is computed from a composite of hourly values 
of meteorological conditions for the period 1991-2005 for 1020 locations across the 
US.  However, this does not provide information about future scenario ambient 
climate conditions or inter-annual variability likely to be experienced by buildings, 
roads, and bridges over the next 40-60 years.   

Asphalt and concrete highways are subject to cracking and rutting that are 
ÔÅÍÐÅÒÁÔÕÒÅ ÁÎÄ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÄÅÐÅÎÄÅÎÔȢ  4ÈÅ Ȱ0ÁÖÅÍÅÎÔ 0ÅÒÆÏÒÍÁÎÃÅ -ÏÄÅÌȱ 
(Breakah et al., 2009) provides guidance for design but requires future scenario 
climate information.   
 
Future Scenarios Climates for Iowa at County Scale  

Research in progress is producing scenarios of future climates at 
approximately the county scale (50-km grid boxes) over nearly all of North America 
under the North American Regional Climate Change Assessment Program 
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(NARCCAP: http://www.narccap.ucar.edu/ ).  This program uses four AR4 (IPCC 
2007) global climate models of contemporary and future climates to provide input 
to six regional climate models for assessing climate change between the end of the 
20th C and the period 2040-2070 for the A2 SRES emissions scenario.  Regional 
model output will be available at 3-hourly intervals to create meteorological fields 
to evaluate impacts of climate change on agriculture, water resources, human 
health, ecosystems and other applications.  The archive will be complete by early 
2010.  The Regional Climate Modeling Laboratory at Iowa State University is 
centrally involved in developing regional climate scenarios for this project. 

 
Conclusions   
 
-ÁÎÙ ÃÈÁÎÇÅÓ ÏÆ )Ï×ÁȭÓ ÃÌÉÍÁÔÅ ÏÖÅÒ ÔÈÅ ÌÁÓÔ σπ ÙÅÁÒÓ ÈÁÖÅ ÈÁÄ ÍÁÊÏÒ ÅÃÏÎÏÍÉÃ 
impacts, some positive and some negative.  Most notable are the annual rise in 
temperature, increase in extreme precipitation, and increase in humidity.  The first 
climate projection for Iowa based on a global climate model was published nearly 
20 years ago (Takle and Zhong 1992).  This model correctly projected most, but not 
all, climate changes in the intervening two decades and demonstrated the utility of 
climate models for adapting to the major impacts of climate change. 

http://www.narccap.ucar.edu/
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Table 1. Insured crop loss for corn in Iowa (Milliman, 2009) 
 
Factor     Percent  
 
Cold Winter        0.9 
Decline in Price       6.6 
Drought      35.5 
Excess Moist/Precip/Rain       38.4 
Flood         2.6 
Freeze            0.1 
Hail         7.2 
Heat         1.2 
Hot Wind        0.0 
Mycotoxin (Aflatoxin)      1.0 
Plant Disease           0.3 
Winds/Excess Wind         5.0 
Other             1.1 
 
Total     100.0 
 
 
 
Table 2. Insured crop loss for soybeans in Iowa (Milliman, 2009) 
 

Factor     Percent  

Cold Winter         0.6 
Decline in Price         4.8 
Drought       56.8 
Excess Moist/Precip/Rain     20.2 
Flood          1.4 
Freeze          0.1 
Hail        13.0 
Heat          0.9 
Hot Wind         0.0 
Mycotoxin (Aflatoxin)                  0.0 
Plant Disease         1.1 
Winds/Excess Wind         0.2 
Other           1.1 
 
Total      100.0 
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Figure 1. Iowa annual state-wide precipitation in inches from 1873-2008.  Note that the 

state has had an 8% increase in annual average precipitation over this 136-year period.  

Data from Iowa Climatology Bureau (2010). 

 

Figure 2. Cedar Rapids precipitation records for the period 1896-2008 reveal a 32% 

increase in annual average precipitation over this 113-year period. Data from Iowa 

Climatology Bureau (2010). 
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Figure 3.  Statewide seasonal precipitation for Iowa showing a ñshift in seasonalityò 

toward more rain in spring (MAM) and summer (JJA) with less in fall (SON) and winter 

(DJF).
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Figure 4. Annual number of days when daily total precipitation exceeded 1.25 inches in 

Cedar Rapids.  Note the increase in number of years having more than 8 days with daily 

total precipitation exceeding 1.25 inches. Data from Iowa Climatology Bureau (2010). 
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Figure 5. Annual number of  days when daily total precipitation exceeded 1.25 inches in 

Des Moines.  Note the increase in number of years having more than 8 days with daily 

total precipitation exceeding 1.25 inches. Data from Iowa Climatology Bureau (2010). 
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Figure 6.  Thirty-five year trends in summer dew-point temperature for three Midwest 

cities. Dew-point temperature is an indication of the moisture content of air. The rise in 

dew point temperature for Des Moines over this 35-year period translates into a 13% 

increase in atmospheric moisture near the surface.  Winter dew-point temperature also 

has risen in Des Moines, but not as much as in summer.   Source:  Daryl Herzmann, Iowa 

Environmental Mesonet (http://mesonet.agron.iastate.edu/) 

 



26 October 2011 

 19 

 

Figure 7.  Annual average state-wide daily average temperatures (
o
F) from 1873-2008.  

Note the increase in the first half of the 20
th
 Century and only a small change since then.   

Although the annual trend of the last 40 years is near zero, the increasing trend of fall, 

winter, and spring is offset by a large decline in summer temperatures, particularly the 

daytime maximum temperatures.  Data from Iowa Climatology Bureau (2010). 
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(a)      (b) 

 

(c)      d 

Figure 8. Iowa state-wide trends over the most recent forty-years for (a) winter daily 

minimum temperature, (b) winter daily maximum temperature, (c) summer daily 

minimum temperature, and (d) summer daily maximum temperature. Note the decline in 

maximum summer temperatures.  Data from Iowa Climatology Bureau (2010). 
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Figure 9. Annual total state-wide number of frost-free days from 1893-2008. The 

number of frost-free days has increased by 8-9 days over this 116-year period.  This 

allows the growing season to begin earlier in spring and last later into the fall. Data from 

Iowa Climatology Bureau (2010). 
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Figure 10.  First date in October when the Iowa average soil temperature at the 4-inch 

depth falls below 50
o
F. 



26 October 2011 

 23 

 

 

   

 (a)      (b) 

   

(c)      (d) 

Figure 11.  Annual average growing degree days calculated for (a) Cedar Rapids, (b) 

Ottumwa, (c) Mason City, and (d) Des Moines from 1971-2010.  Rising nighttime 

temperatures have offset declining daytime temperatures (see Fig 8 c and d) to produce 

li ttle change in both daily mean temperature and GDD.   Data from Iowa Climatology 

Bureau (2010). 
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Figure 12. Annual total heating degree days for Ames for 1893-2008.  The substantial 

rise in winter temperatures has significantly reduced HDDs.   Data from Iowa 

Climatology Bureau (2010). 
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Figure 13. Des Moines Airport data.  Caution:  these data might be influence by 
urban heat island effects due to growth to the north and west of the airport. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Des Moines Airport data.  Caution:  these data might be influence by 
urban heat island effects due to growth to the north and west of the airport. 
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Figure 15.  Number of days at the Des Moines Airport with daily maximum 
temperature greater than or equal to 95oF 

 

 

Figure 16.  Number of days at the Des Moines Airport with daily maximum 
temperature greater than or equal to 100oF 
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Figure 17.  Cloud cover observations at the Des Moines Airport from 1973-2010.  
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Figure 18. Tracks of storms (shown by black lines) producing heavy rains across 

Iowa for 1978, 1981-83, and 1985-87.  Note that spring storm tracks tend to be oriented 

from SW-NE (red arrows), while summer storm tracks tend to be more E-W or even NW-

SE (Takle 1995).  Most rivers (blue arrows) in central and eastern Iowa flow from NW to 

SE, and their drainage basins (blue ovals) are more closely parallel to the summertime 

storm tracks.  Thus, mid- to late-summer storms tend to deposit more rain in a given river 

basin than do springtime storms, which are perpendicular to these river basins and pass 

over them rapidly.  Sources:  Augustine and Howard, 1988, 1991) 
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Figure 19.  Radar-derived storm total precipitation for 9 August 2010 showing the 
daily total precipitation pattern oriented NW-SE and aligning with Iowa river basins. 

 

 


