Drought – Oklahoma’s Costliest Natural Hazard

Drought is a “creeping hazard” that is a recurring and natural part of Oklahoma’s climate cycle. It does not produce images and descriptions as compelling as those of violent weather. For this reason, it often receives little attention until it is too late for decisive mitigating action. Despite the relative inattention paid to drought, its larger coverage and longer timescales make it Oklahoma’s costliest natural hazard.

A Definition of Drought

Drought is a very complex natural phenomenon, because its very identity is intimately tied to society. There is no single universal definition of drought, but perhaps the most widely accepted definition is deceptively simple: drought occurs when the water resources (supply) are unable to meet established water needs (demand). This definition identifies two distinct factors in determining the existence or severity of a drought:

1. The available supply of usable water, which is heavily influenced by natural factors.

2. The demand for water, which is heavily influenced by social customs.

Oklahoma and several of its Plains States neighbors differ from much of the rest of the country, especially the West, in that it imports very little surface water through rivers. The vast majority of water used in Oklahoma falls in Oklahoma, unlike many western U.S. states that rely on precipitation from other parts of the country for their water needs. This simplifies the assessment of drought somewhat for Oklahoma, such that precipitation versus historical values is a strong indicator of drought severity. 
Drought’s ability to produce widespread economic damage is far greater than that of violent weather. In fact, the numbers associated with drought damage are staggering. On a national scale, ten of the 58 billion-dollar disasters from 1980-2003 were related to drought or associated heat. However, those ten disasters accounted for nearly half (41.2%) of the group’s economic damage.

Differing Timescales of Vulnerability / Differing Times of Vulnerability in Oklahoma

Throughout its known history, Oklahoma has been susceptible to drought. Short-term events (1-2 months) are fairly common, and tend to occur somewhere within the state during most years. Increased fire danger and/or crop/lawn stress often accompany these episodes. Medium-term (up to a year) drought episodes can encompass a crop cycle, causing significant economic damage, or cause water supply/distribution problems for municipalities. Longer-term droughts (several years) add the issue of reservoir and aquifer depletion. Because these long-term events are often composed of intermittent episodes, their onset and conclusion are often difficult to identify until long after the event is over.

Different interests are vulnerable to drought episodes over differing timescales. The following timescales are approximate, and vary due to several contributing circumstances (see below).

	Some Timescales of Drought Vulnerability

	Drought Issue or Vulnerable Community
	Approx. time scale of onset
	Some prominent impacts
	Approximate average time between significant events on this time scale
	Contributing factors and circumstances
	Related notes

	Drought-enhanced Wildfire Danger
	1-2 months
	Dried organic soil material can act as additional fuel to wildfire; more frequent wildfires; more intense wildfires
	Fairly common. Tends to occur at least somewhere in the state during most years.
	Time since last burn; density of undergrowth (often enhanced by preceding prolonged wetness); severity of drought.
	Somewhat seasonal.

	Horticulture / Urban, Suburban Lawns
	1-2 months
	Increased municipal water use; horticultural failure; lawn damage; increased pest damage
	Somewhat common. Most growing seasons will undergo one or two fairly dry months. Consecutive dry months are slightly rarer.
	Effectiveness of conservation and mitigation practices; severity of drought; severity of heat.
	Highly Seasonal.

	Municipal Water Distribution
	1-2 months
	Short-term water rationing (on the order of weeks); loss of revenue for water-use-dependent municipalities
	Somewhat common.
	Capacity and quality of distribution system; quality of conservation and mitigation practices; severity of drought; severity of heat.
	Highly seasonal. 

	Agriculture
	2-6 months
	Crop failure; poor crop yield; depressed livestock prices due to sell-offs.
	Severe drought-related losses struck 6-8 times since 1980 (note: highly variable by crop). Catastrophic failures occur 1-2 times per decade on average.
	Timing of event versus crop cycle; availability and cost of irrigation water; agricultural techniques; conservation practices; crop selection; drought-tolerant varieties.
	Highly tied to crop cycle; example: very dry Apr-May can help wheat harvest while destroying row crops.

	Reservoir depletion
	1+ years
	Severe, prolonged rationing; widespread water shortages; irrigation denied
	
	Effectiveness of conservation and mitigation practices; demand; size and engineering of reservoir.
	Smaller reservoirs are more sensitive at shorter timescales.

	Aquifer depletion
	10+ years
	Widespread farm & ranch failure; 
	Still very little known, but many aquifer levels are dropping in recent decades.
	Financial / physical ability to drill deeper; demand.
	Still little known about aquifer depeletion

	Table A: Various timescales of drought and some vulnerable communities.


Consequences of Drought

Some socio-economic impacts:

The overwhelming consequence of drought is economic disruption. Drought’s “footprint” is quite large compared to most other weather and climate disasters. It can impact many counties, and even many states, at a time. This large area of impact can raise damages into the billions of dollars, even for one state.

Multiple timescales of drought complicate its assessment. Shorter droughts may impact just a segment of society or the economy, but as drought drags on it will force greater portions of each into stress. The low reliability of long-term forecasting often makes it difficult to assess whether a current episode will turn out to be short or long. Likewise, it is often difficult to assess whether recent rainfall will provide only temporary or lasting relief from drought.

In Oklahoma, agriculture is a particularly drought-sensitive sector. Dryland farmers rely on precipitation to water their crops.  Crop failure, by itself, is hard enough on the individual grower. Multiple crop failures within a region are a common consequence of drought.  The effect of multiple crop failures on the rural economy can be devastating. Livestock operators that rely on pasture for forage, particularly winter forage, are very exposed to drought.

During the warm season, municipalities are often faced with more demand for water than they are able to distribute. More often than not, the supply reservoirs have adequate storage, but the distribution system (tank storage, pumping and treatment) simply cannot keep up with the pace of demand. This leads to inconveniences of rationing and curtailment by the public, and businesses that rely on heavy water usage (car washes, landscapers) may suffer financially.

Longer-term droughts threaten the water supply itself. This is very often complicated by the behavior of municipalities during the first several months of an extended drought. Municipalities often rely on water sales for revenue. This is especially true in smaller communities, where the water utility makes up a majority of the operating budget. Because of this, these communities often operate their water systems at full-tilt until extended drought (and vanishing water supply) forces them to curtail consumption. Citizens are left with severe usage restrictions because supplies were depleted during the drydown. The associated revenue shortfall often leaves communities without adequate resources to address the immediate issues, let alone the long-term ones.
Some public safety impacts:

All drought will act to increase fire danger. This occurs several ways. Drought-stressed vegetation may wither or die, making it a more volatile fuel for wildfire. As a drought progresses from a several-week event to a several-month event, organic material in the topsoil (“duff”) dries out and becomes additional potential fuel for a wildfire.
In Oklahoma, as in much of the interior United States, summertime temperatures are tied strongly to precipitation patterns, such that summertime droughts are often accompanied by heat waves. Excessive heat threatens the well-being of several more vulnerable groups, namely the elderly, the poor and those who work outdoors. During summer in Oklahoma, the air can be quite humid, even during periods of extended drought. Humid conditions further exacerbate the excessive heat problems.
Historical Perspective

Major Drought Events in Oklahoma History

Since modern climate observation began in the mid-1890s, three such long-term episodes have severely impacted Oklahoma: 

· The 1909-18 event consisted of two severe multi-year episodes, interrupted by 1915, one of the wettest years of the 20th Century. This event comprises the lowest ten-year statewide rainfall on record. 1910 was the smallest annual rainfall statewide and for four of Oklahoma’s nine climate divisions.

· The Drought of 1930-40 in Oklahoma, the climate’s contribution to the Dust Bowl, was not as statistically severe as those of the 1910s or 1950s, but it left the deepest scar on the state’s economy and psyche. The Dust Bowl was at its worst in Oklahoma during the mid 1930s, when severe drought, intense heat, immature and/or inappropriate agricultural practices and overall economic conditions combined to cause the greatest exodus of citizens in state history. Reaction to the event revolutionized farm and conservation practices in much of the United States.

· The Drought of 1952-58 was accompanied by intense summer heat, insect invasions and crop failures. The state’s “Wheat Belt”, in central and north-central Oklahoma, was particularly injured by the event. The mid-50s years of 1952-1956 were easily the driest five consecutive years in state history. Ironically, 1957 was the wettest year on record, one year after 1956 became the second-driest year on record.

Recent Episodes as of Spring 2004

The drought of 2001-02 was the latest (and longest, at places) of a series of dry episodes dating to the winter of 1995-96 (Table B). Agricultural losses due to the event approached one billion dollars. A winter 1995-96 episode was similar in timing to the 2001-02 drought, albeit shorter in duration. Heavy rains broke the drought in spring 1996. A summer dry spell and heat wave encompassed the state from April through September 1998, causing water shortages in many municipalities. A severe but short-lived dry spell and heat wave occurred in late summer 2000. 

Ironically, until 2001, each of these years was wetter than the established normal on a statewide annual basis. The dry episodes were masked in the annual rainfall statistics by very wet periods in the interim months.

	Recent Drought and Dry Episodes

	Event
	Approx. Dates
	Primary Areas
	Notable Statistics (records date to 1895) 
	Primary Impacts
	Notes

	Winter 1995-96
	Oct 1995 - May 1996
	Statewide, chiefly western two-thirds.
	Driest Oct-May on record for west central and north central climate divisions (CDs), and statewide-averaged rainfall; 2nd-driest Oct-May on record for northeast, central and southwest CDs; South central and panhandle CDs ranked 3rd, 4th, respectively.
	Smallest wheat yield in state history; cattle sell-offs brought depressed prices; February 1996 wildfire disasters in several counties
	Modern Oklahoma Drought Management Plan established in event’s wake. Event began shortly after remnants of Tropical Storm Dean drenched the western half of the state in August 1995.

	Summer 1998
	Apr 1998 – Sep 1998
	Southern two-thirds of state, chiefly southwest quarter.
	Driest Apr-Sep on record for west central, southwest and south central CDs. Southwest CD received 1/3 of normal rainfall.
	Associated heat wave during Jun-Aug; summer crops decimated (esp. cotton, peanuts, watermelon); arson and wildfire prevalent; municipal water rationing.
	Drought broke during Sep for east central and southeast CDs, early Oct for southwestern quarter of state. Northern third of state also somewhat dry and quite hot. “Operation Haymaker” initiated to transport hay from neighboring counties and states with adequate supply. Ironically, dry Apr-May allowed ideal curing conditions for spring 1998 winter wheat harvest (largest in state history).

	Late Summer 2000
	Aug 2000 – Sep 2000
	Statewide.
	All CDs received 1/3 or less of normal rainfall; driest Aug-Sep on record for panhandle, north central, northeast, west central and south central CDs, as well as statewide; west central and north central CDs observed 1% and 6% of normal rainfall, respectively 
	Intense heat wave.
	Short but intense episode followed a very wet Jun-Jul 2000.

	2001-2002
	Jun 2001 – Jul 2002
	Statewide, but gradually more severe in western half.
	Panhandle CD recorded 2nd-driest Jun-Jul (14 mos.) period on record; west central and north central CDs experienced 5th-driest and 6th-driest Jun-May on record, respectively.
	USDA declared 30 counties agricultural disaster areas; ag losses approached $1 billion.
	Much of western OK’s winter precip came during devastating ice storm of Jan 2002. Drought eased in eastern half of state by early 2002, and in southwest by spring 2002. Whether panhandle fully recovered from this or recent prior episodes is debatable.

	Table B. Recent drought and dry spell episodes impacting Oklahoma.


Complicating Circumstances and Mitigating Action: An Example from History

Human behavior and adaptation are dominant mitigating factors in drought’s consequences. Examples of these concepts can be found in the Oklahoma experience during the 20th Century.

Across much of western Oklahoma, the rainfall statistics of the 1950s were more severe than those of the more famous 1930s “Dust Bowl” drought. However, improved agricultural practices such as crop selection were in use in the 1950s. More drought resistant crops (for example, winter wheat versus corn) did not fail as dramatically as those from the 1930s.

Conservation practices improved dramatically in two decades. During the 1930s, drought conditions (vegetation loss, exposed soils, etc.) exacerbated erosion processes. Consequently, much of western Oklahoma’s topsoil was lost in the few torrential storms that occurred during the great drought. Two decades later, shelterbelts, terrace farming and retention ponds helped minimize topsoil loss due to erosion.

Surface water storage was much more prevalent during the 1950s, compared to just two decades before. On large and small scales, more dams were built in the 1950s than ever before or since in Oklahoma. Ironically, most of the structures were primarily intended for flood control, but have paid great dividends as irrigation sources.

The prevailing socio-economic conditions of the 1930s also enhanced the sensitivity of many Oklahomans to an unfriendly turn of climate. In contrast, the relatively prosperous 1950s provided a stronger economic floor of support that helped a greater percentage of the population weather the climate’s signal.

Appendix A: Variability of Precipitation

“Normal” rainfall is often misrepresented, not just in Oklahoma, but everywhere. Normal rainfall is nothing more than a 30-year average. It does not necessarily mean “should” or “supposed to” or “typical”. In fact, the average rainfall is only one piece of information that can describe a region’s precipitation climate. Another equally-important piece of information is variability. This represents the amount of “give or take” or “spread” around the average value.

One way of expressing variability is the standard deviation. This statistical tool provides a glimpse of how much rainfall totals vary. Larger standard deviations indicate a broader naturally-occurring spread around the average. The standard deviation can be even more illustrative by examining the ratio of it with the average rainfall.

For example, October precipitation normals show that average rainfall increases from west to east across Oklahoma. The standard deviations also increase from west to east. But upon closer inspection, the standard deviations in the west are larger than the average precipitation! This shows that October is very much an “all or nothing” month in the west, whose average precipitation is composed of a large number of dry months mixed in with some very wet months. 
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Ratio of standard deviation of annual precipitation to annual average, percent.


January-February
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Average January precipitation, inches.
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Average February precipitation, inches.
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Standard deviation of January precipitation, inches.
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Standard deviation of February precipitation, inches.
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Ratio of standard deviation of January precipitation to January average, percent.
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Ratio of standard deviation of February precipitation to February average, percent.


March-April
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Average March precipitation, inches.
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Average April precipitation, inches.
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Standard deviation of March precipitation, inches.
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Standard deviation of April precipitation, inches.

	[image: image14.png]<1n1n:nw5nin1nln!n=h

percent

 Oklapoma ¢ 77 _ '
”’"’”"7}'7!””/ Std Dev Precip: Pct of Avg for March 1971-2000
rvey Copyrigh (c) 2004 Okiahoma Cimaological Survey. Al rights reserved




Ratio of standard deviation of March precipitation to March average, percent.
	
	[image: image15.png]ERRTE I R I
percent

~s

 Oklapoma, 1 7 . .
””"”’@l%lgﬂy/ Std Dev Precip: Pct of Avg for April 1971-2000

Copyright (c) 2004 Oklahoma Cimalogical Survey. Al rights reserved




Ratio of standard deviation of April precipitation to April average, percent.


May-June
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Average May precipitation, inches.
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Average June precipitation, inches.
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Standard deviation of May precipitation, inches.
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Standard deviation of June precipitation, inches.
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Ratio of standard deviation of May precipitation to May average, percent.
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Ratio of standard deviation of June precipitation to June average, percent.


July-August
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Average July precipitation, inches.
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Average August precipitation, inches.
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Standard deviation of July precipitation, inches.
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Standard deviation of August precipitation, inches.
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Ratio of standard deviation of July precipitation to July average, percent.
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Ratio of standard deviation of August precipitation to August average, percent.


September-October
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Average September precipitation, inches.
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Average October precipitation, inches.

	[image: image30.png] Oklapoma ¢ 77 . o
Climatological Standard Deviation of September Precipitation 1971-2000
Survey GOt €) 2004 OKahoma Chaoigicl Suvey. Al righs feserved




Standard deviation of September precipitation, inches.
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Standard deviation of October precipitation, inches.
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Ratio of standard deviation of September precipitation to September average, percent.
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Ratio of standard deviation of October precipitation to October average, percent.


November-December
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Average November precipitation, inches.
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Average December precipitation, inches.
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Standard deviation of November precipitation, inches.
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Standard deviation of December precipitation, inches.
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Ratio of standard deviation of November precipitation to November average, percent.
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Ratio of standard deviation of December precipitation to December average, percent.


Appendix B: SPI values for different timescales
The following graphics provide some insight into the recurrence interval of drought on various timescales. The data points represent the Standardized Precipitation Index (SPI) on six different timescales (1-, 3-, 6-, 12-, 24- and 60-month SPI). The SPI is a measure of the “unusualness” of precipitation over that time period. Values near zero are near the middle of the population. Increasingly negative values indicate increasingly severe lack of precipitation, and increasingly positive values indicate more abnormally wet conditions.

The following table helps interpret SPI values:

	SPI Value
	Brief Description
	Estimated Likelihood

	2.00 and greater
	Extremely Wet
	About 2.3% of events (roughly 1 out of 40) are expected to exceed 2.00

	1.50 to 1.99
	Very Wet
	About 6.7% of events (roughly 1 out of 15) are expected to exceed 1.50

	1.00 to 1.49
	Moderately Wet
	About 16% of events (roughly 1 out of 6) are expected to exceed 1.00

	-0.99 to 0.99
	Near Normal
	About 68% of events (roughly 2 out of 3) are expected to fall in this range

	-1.00 to –1.49
	Moderately Dry
	About 16% of events (roughly 1 out of 6) are expected to exceed –1.00

	-1.50 to –1.99
	Severely Dry
	About 6.7% of events (roughly 1 out of 15) are expected to exceed –1.50

	-2.00 and beyond
	Extremely Dry
	About 2.3% of events (roughly 1 out of 40) are expected to exceed -2.00


For example, the 3-month statewide SPI for August 1934 was –2.50. This means that the precipitation total for the three-month period (June, July and August) was considered “extremely dry”. Furthermore, based on the state’s precipitation history, the statistical likelihood of receiving that little precipitation would be less than 1 out of 40 (because –2.50 is even more severe than –2.00, which is associated with a 1 out of 40 likelihood).

The first set of six SPI graphics is valid for statewide precipitation. The next nine sets represent historical SPIs for each of Oklahoma’s nine climate divisions (CDs). The SPI information for each CD is based on that CD’s own unique precipitation history, and provides more insight into its historical behavior.
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Table B0: Statewide Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods

	[image: image41.png]Statewide 1-Month SPI

1895

1900

1905

1910

1915

1920

1925

1930

1935

1940

1945

1950

1955

1960

1965

1970

1975

1980

1985

1990

1995

2000




Statewide 1-month SPI: 1895-2002
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Statewide 3-month SPI: 1895-2002
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Statewide 6-month SPI: 1895-2002
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 Statewide 12-month SPI: 1895-2002
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 Statewide 24-month SPI: 1895-2002
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 Statewide 60-month SPI: 1895-2002


Table B1: CD 1 (Panhandle) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods

	[image: image47.png]CD1: 1-Month SPI

1895

1900

1905

1910

1915

1920

1925

1930

1935

1960

1965

1970

1975

1980

1985

1990

1995

2000




Climate Division 1 (Panhandle) 1-month SPI: 1895-2002
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Climate Division 1 (Panhandle) 3-month SPI: 1895-2002
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Climate Division 1 (Panhandle) 6-month SPI: 1895-2002
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Climate Division 1 (Panhandle) 12-month SPI: 1895-2002
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Climate Division 1 (Panhandle) 24-month SPI: 1895-2002
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Climate Division 1 (Panhandle) 60-month SPI: 1895-2002


Table B2: CD2 (North Central) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 2 (North Central) 1-month SPI: 1895-2002
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Climate Division 2 (North Central) 3-month SPI: 1895-2002
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Climate Division 2 (North Central) 6-month SPI: 1895-2002
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Climate Division 2 (North Central) 12-month SPI: 1895-2002
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Climate Division 2 (North Central) 24-month SPI: 1895-2002
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Climate Division 2 (North Central) 60-month SPI: 1895-2002


Table B3: CD3 (Northeast) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 3 (Northeast) 1-month SPI: 1895-2002
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Climate Division 3 (Northeast) 3-month SPI: 1895-2002
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Climate Division 3 (Northeast) 6-month SPI: 1895-2002
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Climate Division 3 (Northeast) 12-month SPI: 1895-2002
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Climate Division 3 (Northeast) 24-month SPI: 1895-2002
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Climate Division 3 (Northeast) 60-month SPI: 1895-2002


Table B4: CD4 (West Central) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 4 (West Central) 1-month SPI: 1895-2002
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Climate Division 4 (West Central) 3-month SPI: 1895-2002
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Climate Division 4 (West Central) 6-month SPI: 1895-2002
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Climate Division 4 (West Central) 12-month SPI: 1895-2002
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Climate Division 4 (West Central) 24-month SPI: 1895-2002
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Climate Division 4 (West Central) 60-month SPI: 1895-2002


Table B5: CD5 (Central) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 5 (Central) 1-month SPI: 1895-2002
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Climate Division 5 (Central) 3-month SPI: 1895-2002
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Climate Division 5 (Central) 6-month SPI: 1895-2002
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Climate Division 5 (Central) 12-month SPI: 1895-2002
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Climate Division 5 (Central) 24-month SPI: 1895-2002
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Climate Division 5 (Central) 60-month SPI: 1895-2002


Table B6: CD6 (East Central) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 6 (East Central) 1-month SPI: 1895-2002
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Climate Division6 (East Central) 3-month SPI: 1895-2002
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Climate Division 6 (East Central) 6-month SPI: 1895-2002
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Climate Division 6 (East Central) 12-month SPI: 1895-2002
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Climate Division 6 (East Central) 24-month SPI: 1895-2002
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Climate Division 6 (East Central) 60-month SPI: 1895-2002


Table B7: CD7 (Southwest) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 7 (Southwest) 1-month SPI: 1895-2002
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Climate Division 7 (Southwest) 3-month SPI: 1895-2002
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Climate Division 7 (Southwest) 6-month SPI: 1895-2002
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Climate Division 7 (Southwest) 12-month SPI: 1895-2002
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Climate Division 7 (Southwest) 24-month SPI: 1895-2002
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Climate Division 7 (Southwest) 60-month SPI: 1895-2002


Table B8: CD8 (South Central) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 8 (South Central) 1-month SPI: 1895-2002
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Climate Division 8 (South Central) 3-month SPI: 1895-2002

	[image: image91.png]



Climate Division 8 (South Central) 6-month SPI: 1895-2002
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Climate Division 8 (South Central) 12-month SPI: 1895-2002
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Climate Division 8 (South Central) 24-month SPI: 1895-2002
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Climate Division 8 (South Central) 60-month SPI: 1895-2002


Table B9: CD9 (Southeast) Historical SPIs for 1-, 3-, 6-, 12-, 24- and 60-month periods
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Climate Division 9 (Southeast) 1-month SPI: 1895-2002
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Climate Division9 (Southeast) 3-month SPI: 1895-2002
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Climate Division 9 (Southeast) 6-month SPI: 1895-2002
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Climate Division 9 (Southeast) 12-month SPI: 1895-2002
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Climate Division 9 (Southeast) 24-month SPI: 1895-2002
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Climate Division 9 (Southeast) 60-month SPI: 1895-2002


