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heat, coupled with a considerable precipitation deficit, likely contributed to the unusually

large number of fires that occurred during August and September 2007.

Figure 60. State-Averaged Temperature for August and September, 2003-2007. Data Source: MRCC
2009.

The number of fires by county (Figure 61) in 2007 was also examined. It is
evident from looking at Figure 61 that eastern Kentucky appears to have had more fire
occurrences in 2007. However, the map can be misleading because KYDOF fire response
rate is higher in eastern Kentucky than in western Kentucky (Harp 2008). Because of the
rough terrain in eastern Kentuckys, it is sometimes difficult for firefighters to position
their trucks properly to fight a fire, so KYDOF is often contacted for assistance.

Figure 61 can also be a bit misleading because fires tend to be easier to extinguish
on the flatter land in western Kentucky, so Volunteer Fire Departments (VFDs) more
frequently respond to fires and extinguish them before KYDOF has a chance to respond.
If KYDOF does not respond to a fire, then that fire is not reported by KYDOF.
According to Craig Peay (2009), Bowling Green/Warren County Deputy Emergency

Management Director, a list of wildland fires fought by VFDs is provided to KYDOF. A
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survey of VFDs wildland fire runs shows that just as many wildland fires occur in the

western part of the state as in the eastern part of the state (Harp 2008).

Number of Fires by County, 2007

Number of Fires
0-10

Figure 61. Number of Fires by County, 2007. Data Source: Kentucky Division of Forestry.

Figure 62 shows acres burned by county in 2007. Figure 62 looks similar to
Figure 61 because more acres of wildland in eastern Kentucky have burned than in any
other region of Kentucky. According to Harp (2008), eastern Kentucky’s topography is
most likely to blame for more acres burned. Fire travels as much as four times faster for
every 10% slope increase compared to flat land, and many of eastern Kentucky’s hills
and mountains have slopes of 40-80% (Harp 2008). As one progresses westward across
Kentucky, slopes decrease and the topography tends to flatten out (Figure 63).

This study has shown that drought greatly impacts the occurrence and areal
coverage of wildfires. It is also evident that during drought periods, there may be an
increase of fire occurrences or acres burned during months that typically do not have
many fires, such as August and September 2007. It is important that policymakers are

aware of this drought impact because unanticipated fire activity may put the lives of



people and their property at stake. Weather conditions should be closely monitored,
especially during drought episodes, so that firefighters are prepared to respond to fires

quickly and efficiently in order to minimize the dangers that wildland fires may cause.
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Figure 62. Acres Burned by County, 2007. Data Source: Kentucky Division of Forestry.
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Figure 63. Elevation of Kentucky. Data Source: Kentucky Division of Geographic Information.
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4.2.2.6 Impacts on Plant and Animal Species

Impacts on plant and animal species were also reported during the drought of
2007. With regard to plants, it was previously mentioned in the section on recreation and
tourism that some trees at Barren River Lake State Resort Park may have become
stressed from the drought, but it would be difficult to determine if the stress was from the
drought or from the late-April freeze. Additionally, the next section on small businesses
discusses landscaping issues caused by the drought, but there were very few news reports
concerning drought impacts on plant life because the damage is often not evident until the
following spring. Conversely, there were reports of drought impacts on animal life.
Impacts were found to be greatest on deer and fish. The following information was
gathered from news reports and from the Kentucky Department of Fish and Wildlife
Resources (KDFWR).

It is believed that the drought of 2007 played a role in the outbreak of Epizootic
Hemorrhagic Disease (EHD) among white-tailed deer (KDFWR 2007a). EHD 1s the most
significant disease of white-tailed deer in the U.S. EHD is caused by the bite of an
infected midge and usually occurs in late summer and fall. It has an acute and a chronic
form and symptoms may include pronounced swelling of the head, neck, tongue and
eyelids; respiratory distress; internal hemorrhaging; lesions in the mouth and in the rumen
lining; sloughing hooves; and possible death. Although EHD occurs naturally in deer
herds throughout the southeastern U.S., outbreaks are often associated with drought
(KDFWR 2007b).

The EHD outbreak in 2007 was the worst in at least 30 years. As of 13

September 2007, all but 10 counties in Kentucky reported suspected cases of EHD
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(Figure 64). Dry conditions tend to cause deer to concentrate around water sources,
increasing the chance of midges biting infected deer, then transmitting the disease to
healthy deer nearby. Deer hunters were concerned over the outbreak because they were
afraid of consuming deer infected with EHD, but KDFWR stated that it is safe to eat a
deer that is infected with EHD because EHD cannot be transmitted to humans (KDFWR
2007a). Additionally, there was concern over livestock transmitting the disease.
Although KDFWR stated that the virus did not appear to be a threat to livestock, several
EHD cases were found in cattle in western Kentucky by the end of September 2007
(Lexington Herald-Leader 2007a). Very little is known about the effects of EHD on
cattle, but it is believed that cattle do have antibodies to EHD, suggesting frequent

exposure (KDFWR 2007a).

Suspected Cases of Epizootic Hemorrhagic Disease in Kentucky, 2007
(as of 13 September)

Figure 64. Suspected Cases of EHD in Kentucky, 2007. Data Source: Kentucky Department of Fish and
Wildlife Resources.

Fish were also stressed during the drought conditions in 2007, particularly in parts

of the Cumberland River. Water levels had already dropped in the lower Cumberland
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River because of seepage in Wolf Creek Dam. Reservoir seepage problems have existed
since 1968, resulting in numerous attempts to repair the dam, but most of the projects
were only intended to be short-term solutions. Since March 2005, the water level of Lake
Cumberland has been kept lower to reduce the risk to people and property until officials
can come up with a more long-term solution (USACE 2008).

Lower water levels caused by the Wolf Creek Dam issue have increased the water
temperature in the Cumberland River, which has induced stress in cool-water fish, such
as striped bass, brown trout, and rainbow trout. The drought of 2007 exacerbated the
issue by causing water levels to continue to lower, which further endangered fish in the
Cumberland River. Rainbow trout and brown trout typically live in a water temperature
that seldom exceeds 70°F (KDFWR 1993). A water temperature of 75.9°F was reported
along the Cumberland River in June 2007. According to Benjy Kinman, director of
fisheries for KDFWR, a water temperature above 65°F is considered life-threatening to
trout (Lexington Herald-Leader 2007b).

According to Brenda Hill (2008) of KDFWR, some fish species may have
actually benefited from drought conditions in 2007. It was found in Elkhorn Creek that
smallmouth bass are able to spawn better during low rainfall years, resulting in a higher
population of smallmouth bass the next year. Hill (2008) stated that fish in small ponds
and lakes most likely encounter problems during drought conditions, but fish in bigger
reservoirs are probably not as affected by drought.

Although KDFWR does not have any publications regarding drought impacts on
fish and wildlife in Kentucky, it is evident from news reports that some fish and wildlife

became very stressed or even died because of the dry conditions in 2007. It is important
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to understand that drought disrupts the ecological cycle and causes additional impacts on
the environment that may not be immediately known. A more complete statistical dataset
containing known drought impacts on fish and wildlife, as well as the time and location
in which they occur, would contribute to further understanding of how drought directly

impacts fish and wildlife in Kentucky.

4.2.2.7 Impacts on Small Businesses

Although small businesses may not have an enormous impact on the economy,
they can still be negatively affected by drought (Courier-Journal 2007; Daily News
2007). Based on a sampling of news reports, lawn care businesses and golf courses were
most often mentioned as being impacted by the drought of 2007. Because golf courses
were covered under the recreation and tourism section, they will not be covered here.
Additionally, there is an interest in the effects of drought on car washes, so they were
examined as well.

A phone interview was conducted with Scott Oldham, owner of Premium Lawn
Care, LLC in Bowling Green. According to Oldham (2008), the following were impacts
of the drought of 2007 on his lawn care business: 1) business was down $40,000, or about
35%, in 2007 compared to 2006, 2) from July to September 2007, Premium Lawn Care,
LLC only interacted with about 20% of their regular customers for that time of year, and
3) two employees were laid off due to loss of business. The budget was strained because
revenue generated from mowing lawns covered expenses, while revenue generated from
landscaping was extra profit (Oldham 2008). He also went on to say that he had to

decrease his clientele by as much as half during 2008 because Premium Lawn Care, LLC
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did not generate enough revenue in 2007 to buy as much equipment and could not
support clientele from the previous year. Oldham did mention that there appeared to be a
slight spike in revenue after drought conditions subsided, which was most likely due to
customers wanting to replace shrubs and re-landscape their lawns, but the extra revenue
did little to offset the enormous economic loss.

A phone interview was also conducted with Larry Grove, manager of Bowling
Green Super Wash, to discuss possible drought impacts on car washes. Grove (2008)
stated that his business was not really affected by the drought of 2007. However, he
mentioned that at Bowling Green Super Wash, they treat and recycle their own water, so
he guessed that those types of car washes are not usually asked to conserve water. He
suggested that other car washes that do not recycle or treat their own water may have to
restrict their water use if the water supplies are in peril. Dwight Williams (2009) of
Bowling Green Municipal Utilities stated that car washes in Bowling Green were not
asked to close during the drought of 2007 because water conservation was voluntary.
Mike Gardner (2009), also of Bowling Green Municipal Utilities, said that car washes
would be asked to close if mandatory water restrictions were implemented, although car
washes that treat or recycle their own water may be allowed to stay open.

These interviews provided basic information concerning the impacts of drought
on small businesses. Although small businesses tend to have a relatively minor impact
on the economy, they are still an important part of community life and deserve some
attention in this matter. While multiple businesses were not surveyed concerning the
impacts of drought, the issues that were dealt with by those that were surveyed are

considered to be fairly representative of other similar businesses across the state. There
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may not be much that policymakers can do to protect small businesses from the impact of
drought, but it is important that they realize the extent to which drought can impact the

local economy.



CHAPTER 5
DISCUSSION
5.1 Discussion of Historical Droughts in Kentucky
The study of historical droughts in Kentucky revealed that a drought does not

always originate in the same location, and its duration will vary. Table 10 describes the
origin of each of the droughts studied in the analysis. Droughts that have affected
Kentucky have originated in all directions and have spread northward, southward,
eastward, and westward into Kentucky. The temporal scale of these droughts has also
varied. The drought of 2007 was relatively short-lived compared to other historic
droughts, such as the longer-duration drought of 1952-55. There is no method to
determining whether an ongoing drought in another region will spread to Kentucky, but if

it does, the expected duration and severity are unknown.

Drought Origin (before spreading into Kentucky)
193031 Eastern Seaboard (especially Northeast)
and Upper Midwest
1940-42 Midwest and Northeast
1952-55 Southern Plains and Southeast
1987-88 Ohio Valley and Great Lakes
1999-2001 Eastern Seaboard (except Northeast)
2007 Southeast

Table 10. Origins of Historical Droughts in Kentucky.

One method of predicting the development and spread of drought is through
analysis of teleconnection patterns. Studies have shown that patterns in drought
occurrence may be linked to teleconnections, such as El Nino-Southern Oscillation (Dai
et al. 1998; Rajagopalan et al. 2000; Boken et al. 2005; Herweijer et al. 2006), Pacific

Decadal Oscillation (Englehart and Douglas 2003; McCabe et al. 2004; Balling and

122




123

Goodrich 2007), and Atlantic Multidecadal Oscillation (McCabe et al. 2004). El Nifio-
Southern Oscillation (ENSO) is the warming of the tropical Pacific Ocean, known as El
Nifio, which coincides with the reversal of surface air pressure at opposite ends of the
Pacific, known as Southern Oscillation. Pacific Decadal Oscillation (PDO) is a reversal
of ocean surface temperatures that occurs every 20 to 30 years over the northern Pacific
Ocean (Ahrens 2005). During the positive phase of PDO, abnormally warm waters exist
along the west coast of North America, while cooler waters exist in the North Pacific.
The opposite is true during the negative phase of PDO. Atlantic Multidecadal Oscillation
(AMO) is an oscillation of sea-surface temperature anomalies that occurs in the North
Atlantic Ocean (McCabe et al. 2004). A comparison of teleconnection phases between
the drought of 1930-31 and the drought of 2007 reveals that the drought of 1930-31
occurred during an El Nifio phase and positive PDO (UIUC n.d.; JISAO 2008), while the
drought of 2007 occurred during a La Nifa phase and negative PDO (Reynolds and Xue
2008). AMO was in the positive phase for both droughts (KCC 2009). Therefore,
drought has occurred during opposite teleconnection phases, making it very difficult to
predict drought. The relationship between teleconnection phases and the occurrence of
drought in Kentucky would be an interesting study and should be further investigated.
Reports of impacts that have occurred with each of the droughts discussed were
more difficult to find for the earlier droughts than for the more recent droughts. It is
important to note that just because no reports of a particular impact were found for one of
the earlier droughts does not mean the impact did not occur. While impact reports from
more recent droughts were expanded to include recreation and tourism, wildland fires,

plant and animal species, and small businesses, there were two impacts that were
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frequently reported with every drought studied: impacts on agriculture and water

supplies.

5.2 Discussion of the Impact of Drought on Agriculture

It is reasonable to suggest that farmers are now better prepared for drought
because forecasting techniques have improved and relief funds and crop insurance are
now more widely available. However, that does not mean that agriculture is resistant to
drought. The same crops have tended to be negatively impacted by drought over time,
such as corn, tobacco, soybeans, and hay. The surveys distributed about impacts on
agriculture from the drought of 2007 provided valuable insight into the issues that those
in the agricultural community have to cope with when drought occurs. The common
themes that emerged from survey responses were that farmers must plan for the lack of
availability of water sources for irrigation, lack of availability of feed sources, and
reduced hay yield to be better prepared for drought. These are some of the same issues
farmers dealt with during earlier drought episodes as well.

Overall, the survey respondents conveyed the message that farmers and
agricultural stakeholders are aware of the impacts caused by drought, but the degree of
severity a drought will reach is unknown, resulting in unanticipated hardships. For
example, a farmer may reserve extra feed for cattle that could be used during a drought,
but the farmer may not anticipate a severe or long-duration drought that would require a
larger supply of extra feed than what was originally set aside. Then the farmer may have

to locate extra feed, which may be difficult to find if the drought is widespread, and then
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pay a higher price because of the feed shortage. Eventually, the farmer may have to sell
some of his foundation stock.

It is also important to discuss trends in agriculture that have changed across the
U.S. throughout the last century that may impact agriculture’s vulnerability to drought.
Perhaps the most obvious trend is away from small, family-owned farms, and toward
large-scale, industrialized farms (Hart and Mayda 1998; Ramsey et al. 2005; Gonzales
2009b). World War II brought about the need for mass food production to fuel the war
effort, and by the 1950s, advanced machinery and pesticides led to a substantial surplus
of maize (corn) and soybeans (Troughton 2005). By the mid-1960s, soybeans, sorghumes,
and alfalfa had emerged as increasingly important crops, while production of oats, clover
and timothy (types of hay), and cotton had generally declined (Anderson 1970). Shifts in
crop production have most likely been caused by various federal programs and subsidies
that are used to control the acreage and production of crops. Additionally, global crop
production and prices also affect these trends (Thompson 2009).

The number of farms that keep cattle, dairy cows, hogs, and chickens has also
generally declined over time and most of the operations are now confined to a much
smaller number of farms (Figure 65). The decline in farms that have hogs, dairy cows,
and chickens may be attributed to the increasing commonality and convenience of
farmers purchasing milk, butter, eggs, and meat from supermarkets instead of producing
these goods for self-consumption (Hart and Mayda 1998). The decline in cattle is not as
great as hogs, dairy cows, and chickens because cattle can ingest roughages (fibers) that

other types of livestock cannot ingest, and keeping cattle requires little time and effort.
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These trends will undoubtedly change the way that agriculture is impacted by
drought. It is important that policymakers, as well as stakeholders, are aware of the
changing patterns of agriculture so that they can plan for possible impacts before a
drought occurs. A discussion of the changing vulnerability of agriculture to drought, as

well as recommendations to policymakers, will be addressed in the conclusions.
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Figure 65. Percentage of All Farms with Specified Types of Livestock. Source: Hart and Mayda 1998.

Two other issues to consider that relate precipitation patterns to agriculture are the
presence of agricultural contaminants in groundwater, and waste management issues
from livestock, chicken, and swine operations. The source and transport of agricultural
contaminants are highly dependent on the relationship between climate, hydrogeology,
and seasonal land use (Kambesis 2007). Precipitation patterns may also create issues
concerning waste from livestock, chickens, and swine because the waste can contain high
amounts of chemicals, such as phosphorous or nitrogen (Gonzales 2009a). However,
very little information has been found concerning these relationships, suggesting the need

for further study.
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5.3 Discussion of the Impact of Drought on Water Supplies

Impacts on water supplies were frequently discussed in synopses of the historical
droughts that were studied. At some point, all river basins have been impacted by
drought, although the Kentucky and Licking River basins were identified as being most
severely impacted during the droughts of 1999-2001 and 2007. Communities in these
basins mostly rely on surface sources. Communities located in the headwaters of these
basins tend to be more vulnerable to drought because they cannot rely on upstream
rainfall for drought relief. Communities that are downstream will benefit from rainfall
that occurs in the headwaters of the stream. The Kentucky River basin in particular is

also highly populated, so the demand for water is high (Figure 66).

Population by Drainage Basin, 2000
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Figure 66. Population by Drainage Basin, 2000. Data Source: Census 2000 TIGER/Line Data,
U.S. Bureau of the Census.

In southeastern Kentucky, many communities rely on groundwater for their water

supply (GWPC 2007). Figure 67, a map of surface and groundwater withdrawal sites,
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shows that groundwater is an important source of water in southeastern Kentucky. Many
communities in southeastern Kentucky use wells to tap into the groundwater. Wells can
quickly dry up if there is little rainfall to replenish them. These communities tend to also
be vulnerable to drought, especially if households and businesses are not connected to a
municipal or county water line.

Water supplies in northern and far western Kentucky tend to not be as vulnerable
to drought. With the exception of the drought of 1987-88, the Ohio, Tennessee, and
Mississippi River basins have not been as greatly impacted by drought. These basins are
drained by rivers that are much larger than some of the rivers in the interior of Kentucky,
so they do not tend to have as many water shortage issues. Additionally, groundwater is
a very important supply of water in far western Kentucky and along the Ohio River
(Figure 67). Alluvial deposits exist in the Ohio and Mississippi River valleys that supply
many communities with water (GWPC 2007). Karst areas also exist in parts of Kentucky
that supply groundwater to communities (Figure 68). Some of the most extensive karst
aquifers in the state exist in far western Kentucky. However, it was mentioned in section
4.2.2.3 concerning impacts on water supplies that water systems on the Ohio River
experienced low/no pressure and water quality issues. Although these basins may not
deal with water shortage issues, they certainly are not resistant from drought. The
availability of groundwater in karst areas is also sometimes highly variable and
groundwater may not be reliable during a drought.

The drought of 1987-88 prompted officials to revise the Kentucky Water Shortage
Response Plan, as discussed previously in the text. Although this plan is not

comprehensive, it provided local water officials with a plan for coping with drought-
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related issues. The plan has two goals: 1) long-range water supply planning, and 2) local
water shortage response planning (Caldwell 2009¢). It outlines a protocol for local
communities to follow during drought. Since the implementation of the plan, local water
officials have been able to communicate with other officials at both the local and state

levels using the same protocol and plan of action.

EXPLANATION
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Figure 67. Surface and Groundwater Withdrawal Sites. Source: Downs and Caldwell 2007.
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Figure 68. Areas of Karst Potential in Kentucky. Source: KGS 2004.
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5.4 Discussion of Drought Planning in Kentucky

The Water Shortage Response Plan proved to be very beneficial during the
droughts of 1999-2001 and 2007, but it does not address the protocol that other agencies
should follow during a drought. At the state level, the primary actions have been to
monitor developing drought conditions, distribute regional alerts, and assemble groups of
people to share information and concerns about the drought. Communication between
stakeholders has been somewhat disconnected and most agencies have had their own
method of coping with drought. State water officials realized there was a need for
collaboration at the state level between various agencies during a drought. It was also
realized that taking a proactive approach to drought instead of a reactive approach would
be a better solution to long-term planning for drought. Therefore, in 2008, the first
comprehensive drought plan in Kentucky was introduced.

The task of developing a comprehensive state drought plan that emphasizes
mitigation practices was given to the Energy and Environment Cabinet (EEC). Drafting
of the plan began April 2008 and was completed December 2008 (Caldwell 2009¢). The
plan was then submitted to the Legislative Research Commission as Senate Joint
Resolution 109, although it has not yet been formally adopted. Although many existing
state drought plans (including plans from other countries) were consulted, the format,
scope and purpose, and response actions of Kentucky’s plan were mostly influenced by
plans from Hawaii, Connecticut, Massachusetts, Maryland, Virginia, Georgia, North
Carolina, Minnesota, Oklahoma, New Mexico, and Missouri (Caldwell 2009c). Most
state plans have established multi-agency steering committees that are responsible for

state drought response and preparedness actions and smaller committees that focus on
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particular response and mitigation activities (Caldwell 2009d). The biggest difference
between plans is how they address mitigation planning, if it is even addressed at all.
Mitigation planning strategies included in Kentucky’s plan were heavily influenced by
plans from Hawaii and New Mexico. Kentucky’s plan is unique from many state plans
because it outlines specific drought mitigation strategies that should take place during
times between droughts, and it fits well with the Kentucky Division of Emergency
Management’s hazard mitigation planning initiative. Since the drafting of the state
drought plan, Kentucky has not experienced a drought. If the plan is adopted, it will be
truly tested when the next drought occurs.

The plan calls for the coordination of the Kentucky Drought Mitigation Team
(KDMT). The purpose of the KDMT is to coordinate state and federal agencies to
respond to drought, and to develop long-term plans to mitigate drought (EEC 2008). The
KDMT is chaired by the EEC and consists of the following members: Department of Fish
and Wildlife Resources, Department for Public Health, Division of Emergency
Management, Kentucky National Guard, Kentucky Department of Agriculture,
Governor’s Office of Agricultural Policy, Kentucky Infrastructure Authority, Kentucky
Cooperative Extension Service, Kentucky State Climatologist Office, Kentucky River
Authority, and Department of Homeland Security. There are many agencies and
organizations who have been invited to support the KDMT, such as the Kentucky
Geological Survey, National Weather Service, U.S. Army Corps of Engineers, and
anyone with particular environmental or recreational interests. Some of the
responsibilities of the KDMT include reporting directly to the governor concerning

drought issues, preparing a Drought Situation Report of impacted sectors, and identifying
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vulnerabilities associated with drought and recommending solutions to mitigate those
vulnerabilities.

The KDMT is further divided into four Drought Assessment Teams (DATSs): the
Climate and Water Resources Data Team (CWRD), the Agriculture and Natural
Resources Team (AGNR), the Drinking Water and Public Health Team (DWPH), and the
Drought and Water Emergency Team (DWE). The CWRD Team will assume the
functions of the Water Availability Advisory Group, which has existed since 1984 and
has carried out drought response efforts. The Kentucky State Climatologist Office and
the Division of Water are co-chairs of the CWRD Team. The CWRD Team will collect
surface water, groundwater, climatic, and meteorological data to assess drought
conditions. The AGNR Team is chaired by the Kentucky Department of Agriculture.
The AGNR Team is primarily responsible for collecting agricultural data to assess
drought and identifying potential drought impacts on agriculture.

The DWPH Team, co-chaired by the Kentucky Department for Public Health and
the Kentucky Division of Water, will be concerned with identifying drought impacts that
affect drinking water supplies and public health. The Kentucky Division of Emergency
Management and the Kentucky Department for Environmental Protection/Division of
Environmental Program Support co-chair the DWE Team. The DWE Team will convene
only when emergency drought situations occur, such as a water shortage emergency, and
will be responsible for identifying locations experiencing emergency water shortages that
threaten human health, safety, and sanitation. All four DATs will report their findings to

the KDMT, who then reports to the governor (Figure 69).
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Figure 69. Organizational Structure of Groups Involved in Kentucky Drought Response. Source: EEC
2008.

Drought monitoring is an important component of the plan. For drought planning
and response purposes, the 15 Area Development Districts (ADDs) in Kentucky will
serve as drought management regions (Figure 70). The primary task given to the ADDs
is to integrate drought mitigation measures into their local hazard mitigation plans that
were created through the Kentucky Division of Emergency Management. Currently,
each ADD has a hazard mitigation plan that identifies hazards that occur in the ADD and
ranks them according to risk level. The majority of the hazard mitigation plans have
listed drought as a low, or even negligible, risk to their regions. Reasons given for this
categorization include perceived little historic frequency of drought occurrence, lack of
availability of data concerning the cost of drought, normal climatic variability of drought,
and the lack of structural damage caused by drought. These reasons illustrate the
problem of the perception of drought compared to the perception of other natural hazards.
Incorporating drought mitigation measures into the hazard mitigation plans may increase
the awareness of drought as a risk to Kentucky, but data on impacts and costs associated

with drought are desperately needed.



134

GREEN RIVER
-

PENNYRILE
EARREN RIVER

Figure 70. Kentucky’s Area Development Districts. Source: KYCADD 2009.

State drought response will be defined according to four action levels: Drought
Advisory, Level I Drought, Level II Drought, and Level III Drought. Cumulative
precipitation will be evaluated after 60, 90, 120, and 180 days, and the percent of normal
precipitation that falls during those times periods will help to determine the appropriate
drought level (Table 11). The declaration of a Drought Advisory will be determined by
precipitation deficits (using Table 11), the Drought Monitor, and the Crop Moisture
Index. The Drought Advisory declaration will not be made public; it was designed to be
an internal declaration that prompts the convening of the CWRD Team to assess the

situation.

Cumulative Drought Level
Evaluation
Period Advisory | Levell | Level Il | Level lll
(days) Percent of Normal Precipitation
60 < 70% < 60%
a0 < 74% < 63%
120 < 77% < 70%
180 < 75%

Table 11. Determination of Drought Levels. Source: EEC 2008.
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The declarations of Drought Levels I, 11, and III will be determined by the three
indicators used in determining the declaration of a Drought Advisory, as well as data on
streamflows and small reservoirs. Drought Level I signifies the official drought
declaration. This means that drought impacts are expected to be observed in at least one
of the drought management regions. The KDMT will issue a press release regarding the
drought declaration and the CWRD and DWPH Teams will be activated. Drought Level
IT declaration means that drought impacts, some severe, are expected to be observed in all
of the affected drought management regions. The AGNR and DWE Teams will both
activate and frequent communication will occur among the DATs and with the KDMT.
If drought impacts become, or are expected to become, so widespread and severe that
they may create drought emergencies, then Drought Level III will be declared. At this
point, the DWE Team will have a much bigger role of coordinating with the appropriate
state agencies to declare a Governor’s Declaration of Emergency, and the KDMT will
work to provide frequent updates to the general public through the facilitation of news
releases regarding the emergency situation.

Although the plan was designed for taking action at the state level, local
governments also play a role in drought response and emergency declarations. A county-
judge executive, a mayor, or another appropriate local official can declare in writing that
a drought emergency exists. Local governments also reserve the right to issue water
emergency declarations, which may include banning all unnecessary water usage. They
can also issue executive orders that ban outdoor burning if conditions have become dry

enough to pose an increased fire threat. Local governments are usually advised by
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officials at the state level, but sometimes they must act independently from state agencies
if they are experiencing localized impacts from drought (EEC 2008).

Perhaps the most important component of Kentucky’s state drought plan is the
section on drought mitigation and preparedness. The plan outlines seven actions that
represent a mitigation approach to drought management. The first is ensuring data
availability for assessing water resources and drought monitoring. This step includes
enhancing the USGS stream gauging network, developing monitoring networks for
groundwater and surface water, and continued support of the Kentucky Mesonet to
improve climate monitoring across the state. The second step is to develop an inventory
and projection of the state’s available water resources. This includes determining current
and future demand for public water supplies and developing studies to identify the
impacts of climate change, natural climatic variations, and climatic extremes on existing
water supplies.

The third step is to identify and project possible drought vulnerabilities. In
particular, the vulnerability of water supplies will be evaluated in terms of public use,
agricultural use, and environmental use. Other actions include increasing
interconnections between water systems, identifying areas of potential conflict between
agricultural use and public drinking water supplies, and consulting other states’ drought
plans that discuss sharing water supplies during water shortages. The fourth step is to
identify opportunities to increase the raw water supply to address vulnerabilities, which
will possibly involve collaboration with the USACE to use water storage in existing

Corps projects. Additionally, the plan suggests investigating further uses of the Ohio
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River and other “border” rivers to provide a new source of water for interior regions of
Kentucky.

The fifth step calls for improving the effectiveness of the state drought response
plan. Recommendations include developing a Kentucky drought index that incorporates
natural and socioeconomic impacts to produce an accurate measure of drought severity
and a review of the local water shortage response plans. The sixth step involves
improving the efficiency of the use of Kentucky’s water resources. The implementation
of water conservation efforts, especially in schools, is the primary way to achieve this
goal. Finally, the seventh step is to promote public education, awareness, and outreach
concerning drought preparedness. The plan suggests getting television, radio, and print
media involved by developing a public service announcement campaign that focuses on
various drought impact sectors. Also, the establishment of an annual Drought Awareness
Week that is modeled after the Severe Weather Awareness Week would undoubtedly
raise awareness of the impacts of drought and the importance of water conservation.

The creation of Kentucky’s state drought plan coincides well with NIDIS and the
NDMC’s mission of taking a proactive approach to drought planning. Kentucky’s plan
makes several recommendations that will take time to complete, and a drought will have
to occur before the plan’s thoroughness and effectiveness can truly be tested. Increasing
public awareness of drought and educating the public about the importance of water

conservation will undoubtedly be a challenging, yet worthwhile, task.



CHAPTER 6
CONCLUSIONS
This study is significant for those with vested interests in drought because it
outlines the issues that face policymakers attempting to prepare their communities or
jurisdictions for drought. It is evident that drought impacts a wide range of sectors in
myriad ways and the best method of coping with drought is to be prepared for it. The

following is a discussion of the four research questions presented in the introduction.

6.1 Discussion of Research Questions

What are the drought impacts that affect Kentucky and which ones have the
greatest consequences? Drought impacts agriculture and water supplies in Kentucky
more than any other sector. This is evident through multiple media reports and drought
synopses that have been written on every drought included in the study. The impact on
agriculture is mostly an economic concern for farmers who highly depend on farm
commodities for income. The impact on water supplies is more of a social concern
because adequate water is essential for human life. It is these two sectors that
policymakers should focus on when developing a drought preparedness plan. Other
sectors impacted by drought that do not get as much attention, but are still very
important, include recreation and tourism, wildland fires, plant and animal species, and
small businesses. There are likely other impacts of drought that go unreported but are not
significant enough to be documented.

How do the impacts caused by the drought of 2007 compare to impacts that have

occurred during historic Kentucky droughts? Tmpacts caused by the drought of 2007 in
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Kentucky were very similar to impacts caused by historical droughts. Again, agriculture
and water supplies have always been the primary impacts of drought in Kentucky.
However, the degree of vulnerability of agriculture and water supplies to drought has
changed with time. As agriculture has experienced rapid change over the last century, the
vulnerability of agriculture to drought has also changed. For example, agriculture has
become generally less vulnerable to drought because of the development of advanced
agricultural technology and practices. Examples of these practices will be discussed
further in the recommendations.

Drought impacts on water supplies have changed only slightly over time. Poor
water quality that prompted health officials to distribute anti-typhoid vaccines was an
impact caused by the drought of 1930-31, but advances in medical technology and
medicine have eliminated this impact. The vulnerability of water supplies to drought
depends on several factors. Water supplies have become less vulnerable as more
reservoirs and dams have been built to increase water supplies for certain communities.
On the contrary, water supplies become more vulnerable if population served by water
supplies increases because higher population places a greater demand on water supplies.
Population has been projected to increase at least through 2030 for every drainage basin
in Kentucky except the Big Sandy (Figure 71). Population is expected to increase by
more than 20% in the Kentucky, Licking, and Ohio River basins from 2000 to 2030.
This example illustrates the importance of identifying a region’s vulnerability to drought
because some impacts diminish with time while others become greater issues.

There is very little information available concerning impacts other than on

agriculture and water supplies caused by earlier droughts, so it is difficult to compare
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them to impacts caused from more recent droughts. It is likely that earlier droughts
negatively impacted recreation and tourism, the occurrence of wildland fires, plant and
animal species, and small businesses, but the consequences of the impacts may have
changed with time. Changing travel patterns and economic factors were frequently cited
by officials involved in recreation and tourism as possible reasons for more or fewer
visitors to certain recreational areas. If fuel prices are high and the economy is in
recession, tourists will often travel closer to home or may not travel at all. If a drought is

occurring simultaneously, tourism may especially be negatively impacted.

Projected Population Change by Drainage Basin, 2000-2030
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Figure 71. Projected Population Change by Drainage Basin, 2000-2030. Data Source: Kentucky State
Data Center 2007.

How well are drought impacts documented in Kentucky? The documentation of
drought impacts that occur in Kentucky needs improvement. Currently, the best method
of identifying impacts is through reports from news media. However, this is an

unreliable method of acquiring information on impacts because reports can be biased
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toward a particular opinion or the topics may be skewed toward the interests of the
general public. Agricultural impacts are documented better than any other impact
because the National Agricultural Statistics Service and the Kentucky Department of
Agriculture compile and report detailed data on agricultural commodities.

Impacts on water supplies are not as well documented. There are official data that
record precipitation, streamflows, lake levels, and groundwater levels across Kentucky,
but they do not properly illustrate the spatial disconnect between a drought’s location and
its resulting impacts. The region experiencing the greatest water shortage issues is often
not the one that has received the least amount of rainfall. For example, a community that
gets its water from a stream relies on rainfall upstream to recharge its water supply. If
rain is not falling upstream to replenish the community’s water supply, the community
can be greatly impacted by drought occurring upstream. Also, water systems are
intricately interconnected and it is extremely difficult to accurately identify which water
systems will endure the greatest impact from a drought. These issues provide an
explanation for why an analysis of water supplies’ vulnerability to drought is a very
necessary component of Kentucky’s drought plan.

Drought impacts on recreation and tourism, the occurrence of wildland fires, plant
and animal species, and small businesses are not documented well at all. The majority of
agencies involved in these sectors that were consulted for this study stated that they had
never conducted drought impact studies. Officials involved with the recreation and
tourism industry in Kentucky seemed least concerned about the effects of drought
because impacts were not immediately evident. Officials involved in the other sectors

were more concerned about the impacts of drought, even if they had little evidence that
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drought had greatly impacted them. Drought impact studies would be very useful to each
of these sectors to determine their vulnerability to drought. If officials involved in these
sectors find out they are vulnerable, then they can begin preparing for how to best protect
their sectors from drought.

Will the implementation of Kentucky's newly-créated drought plan minimize the
severity of drought impacts and prepare citizens for forthcoming droughts? Kentucky’s
drought plan supports the initiative to become proactive in drought planning and is likely
to be successful if it is adopted. It outlines a very specific procedure for responding to
drought that involves numerous state agencies affected by drought. The mitigation
component describes very specific actions to be taken to plan for drought in Kentucky,
but these actions have not yet been fully implemented and will take time and hard work.
As mentioned previously, a drought has not occurred in Kentucky since the plan was
developed, so the next drought to occur in Kentucky will serve as a pilot study that will

ultimately evaluate the effectiveness of the plan.

6.2 Recommendations

The following recommendations are suggested to policymakers involved in
drought planning for Kentucky. Regarding agriculture, better drought forecasting would
provide farmers with more time to prepare for drought and would lessen, or even
eliminate, the drought impacts discussed by survey respondents. Improved drought
monitoring techniques, such as the increase in the quality and quantity of automated
weather stations, would ultimately enhance accurate short- and long-term drought
forecasting. The Kentucky Mesonet, a network of automated weather and climate

monitoring stations, is currently being developed across Kentucky and will provide



143

timely information to aid in drought forecasting. Additionally, mitigation efforts, such as
connecting to a county water source or purchasing crop insurance, should be strongly
encouraged by CES offices.

The implementation of more advanced agricultural technology and practices
would provide better protection of agriculture from drought, thereby reducing
agriculture’s vulnerability to drought. For example, high-moisture barley silage is often
used in Alberta, Canada that is practically resistant to drought conditions (MacLachlan
2005). Double-crop silage, typically done with corn and small grain, is produced from
more predictable winter and spring precipitation, and helps protect against unpredictable
droughts during the summer (Schwab et al. 2008). Highly-aggregated soils that allow for
higher air and water infiltration, soils with high levels of organic matter that hold higher
water content, and no-till farming practices that retain soil moisture all help to reduce the
impacts of drought on farmland (Sullivan 2002). These types of trends may result in a
steady decrease of the vulnerability of agriculture to drought and should be implemented
by more farmers.

The persuasion of customers to conserve water during episodes of drought has
proven to be a tremendous challenge. A media campaign that emphasizes the importance
of water conservation may be more effective than water suppliers’ published materials.
The media are more likely to reach a greater number of members of a community and
have a greater positive impact on customers’ water conservation practices. If consumers
were provided monetary incentives for conserving water, consumers would be more
inclined to implement water conservation practices. For example, the city or county

government could give tax deductions to consumers for costs incurred from repairing
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water leaks. Another option would be for water suppliers to discount consumers’ water
bills for attaining a given percentage of reduction. Finally, as a mitigation effort,
educational programs about water conservation could be incorporated into P-12 academic
curricula that would instill very important values in future consumers.

The response rate of future surveys concerning drought impacts would be
dramatically increased if phone surveys were conducted instead of surveys over e-mail.
The water supply survey was particularly a problem because there are a number of
municipal companies that do not have access to the Internet. Although the response rate
on the water supply survey was deemed adequate for the study, a few municipal
companies were prevented from participating in the study. Involvement of agency
officials representing the group of people being surveyed would also likely increase
response rate.

Kentucky cannot be fully prepared for a drought until its vulnerabilities to drought
are identified. Conducting an extensive analysis of how various sectors are vulnerable to
drought in Kentucky and educating the public on the importance of drought awareness
are the most important components of Kentucky’s drought plan and should be addressed
first. All sectors should be investigated for drought vulnerability because they are all
affected by drought in one way or another. Additionally, it is important that the general
public’s awareness of drought and its impacts is raised because they can take measures to
conserve water during times when water is becoming scarce. This would lessen the need
for restricting or banning water uses that cause hardship or economic loss. Public

education programs that start in schools are the best tools for raising drought awareness
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because children are the future policymakers and leaders that are faced with the

challenges of ensuring a healthy and orderly environment for all Kentuckians.

6.3 Future Research

This study was intended to be a general overview of drought impacts that occur in
Kentucky, and it was intended to address how policymakers are planning for drought.
There is a great deal more analysis that could be conducted on the drought impacts
identified in this research. The most notable is a study of Kentucky’s vulnerability to
drought, especially its water supplies. Separate studies can be done on how drought
impacts each of the sectors discussed in this research. It is important that gaps in data are
filled in to create an accurate representation of the drought issues most important in
Kentucky.

Primary impacts caused by drought were mostly the focus of this research. There
are secondary, and even tertiary, impacts that occur that are difficult to identify but are
often ignored. One example is the increase in food prices caused by the failure of crops
to produce adequate yields to supply grocery stores. These types of drought impacts
make it very difficult to come up with an accurate figure of financial loss caused by
drought. It would be desirable to study secondary and tertiary impacts of drought to
determine if the costs and benefits of mitigating them are significant enough to be
addressed by policymakers.

Step 10 of the 10-step process of writing a drought plan that was discussed earlier
in the text (Figure 7) says to evaluate and revise the plan. After the next drought occurs

in Kentucky, research should be done to evaluate the state drought plan to identify
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potential weaknesses or deficiencies in the plan. Those weaknesses and/or deficiencies
should be immediately resolved so that they are not recurring issues. This should be done
after every drought occurrence. Drought vulnerability in a particular sector may change
from one drought occurrence to another and the plan should be periodically updated to
reflect those changes.

Finally, KYDOW personnel have discussed the possibility of developing a
drought index specifically for Kentucky. As mentioned previously, most drought indices
are generalized and may not be appropriate to use everywhere. More recently, drought
indices that are specific to a region have been developed to address certain needs that are
not fulfilled by other drought indices. The task of developing a drought index
specifically for Kentucky would be challenging due to the lack of homogeneity of soils,
geology, and climate patterns across the state. However, if thorough research is
conducted that identifies all pertinent variables that should be considered for calculation
of the index, a Kentucky drought index may prove to be a very useful tool for early
drought detection and monitoring.

Kentucky’s policymakers are faced with challenges presented by the ambiguous
nature of drought that cannot be resolved without a thorough examination of how drought
impacts various sectors. Additionally, understanding how the impacted sectors are
vulnerable to drought is the key to minimizing the consequences of the impacts and
preparing for drought. Kentucky’s proposed state drought plan offers myriad ways to
enhance the monitoring, response, and mitigation of drought, and if it is implemented, the
plan will hopefully inspire Kentucky’s citizens to participate in reducing the impacts that

droughts cause for years to come.
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APPENDIX A

Survey of Impacts Resulting from Kentucky Drought of 2007
Impacts on Agriculture

(Note: This survey was created online using a software program. The survey has been retyped for
formatting purposes.)

Questions marked with a * are required.

*1. Project Title: Drought Impacts and Mitigation Strategies in Kentucky (later changed
to A Survey of Drought Impacts and Mitigation Planning in Kentucky)

Investigator: Crystal Bergman, Geography & Geology, (**%) ***-**** (phone

number deleted for privacy purposes), crystal.bergman@wku.edu

You are being asked to participate in a project conducted through Western Kentucky

University. The University requires that you give your consented agreement to

participate in this project. The investigator will explain to you in detail the purpose of

the project, the procedures to be used, and the potential benefits and possible risks of
participation. You may contact her with any questions you have to help you
understand the project. A basic explanation of the project is written below. Please
read this explanation and discuss with the researcher any questions you may have. If
you then decide to participate in the project, choose “I Agree,” and then proceed with
the study. If you wish to not participate, choose “I Disagree” and simply log out of
the study.

1. Nature and Purpose of the Project: This research involves an analysis of how
drought impacts the state of Kentucky and how Kentucky plans for and responds
to drought. It will identify strengths and weaknesses of Kentucky’s drought plan
and will also include a case study of the drought that occurred in 2007. Because
agriculture is greatly impacted by drought, a survey is being conducted to
determine anticipated and unanticipated impacts during the 2007 drought, how
that drought compares to previous droughts, and how drought response and
mitigation can be improved. It is the intention of the researcher to identify the
major issues that drought causes and to improve drought response and mitigation
so that future droughts are handled more efficiently.

2. Explanation of Procedures: The first page of the study includes this informed
consent statement. You will click “I Agree” or “I Disagree” to the informed
consent. Clicking “I Agree” means you would like to participate in the study and
you can continue with the study. Clicking “I Disagree” means that you do not
want to participate in the study, so you can just log out of it. You will then
answer the questions in the study, which should take a little time depending on
whether or not you will have to look up information to answer any of the
questions. After you finish the study, you will click “Submit Survey” to submit
the survey. After you submit the survey, you are finished with your contribution
to the project.

3. Discomfort and Risks: Due to the nature of the study, there are no known risks to
the subjects completing the study.
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4. Benefits: You may benefit from the results of the study because you will see as a
whole how agriculture was impacted by the drought. You may be able to amend
your drought plans/procedures to be better prepared for the next drought that
occurs. Upon completion, the study will be available through WKU’s Libraries.

5. Confidentiality: Paper copies of each of the surveys returned will be kept in the
office of Stuart Foster, Department of Geography & Geology, in a locked file
cabinet for at least three years. After three years, the surveys will be shredded
and discarded. After the research project is complete, the surveys will be
removed from the Web. The surveys and results are password protected.

6. Refusal/Withdrawal: Refusal to participate in this study will have no effect on any
future services you may be entitled to from the University. Anyone who agrees to
participate in this study is free to withdraw from the study at any time with no
penalty. You understand also that it is not possible to identify all potential risks in
an experimental procedure, and you believe that reasonable safeguards have been
taken to minimize both the known and potential but unknown risks.

O I Agree
O I Disagree

*2_Your name: | |

*3. County you serve: | |

OoOooOoo

OoOoOoon

. The following is a list of crop impacts from the National Drought Mitigation Center

that are often experienced due to a drought. If you observed any of these impacts in
your county due to the Kentucky Drought of 2007, simply check the box next to the
impact. Please check all that apply.

Annual and perennial crop losses

Damage to crop quality

Income loss for farmers due to reduced crop yields

Reduced productivity of cropland (e.g. wind erosion, long-term loss of organic matter,
etc.)

Insect infestation

Plant disease

Wildlife damage to crops

Increased irrigation costs

Cost of new or supplemental water resource development (e.g. wells, dams, pipelines,
etc.)
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5. The following is a list of livestock impacts from the National Drought Mitigation
Center that are often experienced due to a drought. If you observed any of these
impacts in your county due to the Kentucky Drought of 2007, simply check the box
next to the impact. Please check all that apply.

Reduced productivity of rangeland

Reduced milk production

Forced reduction of foundation stock

High cost/unavailability of water for livestock
High cost/unavailability of feed for livestock
Increased feed transportation costs

High livestock mortality rates

Disruption of reproductive cycles (e.g. delayed breeding, more miscarriages, etc.)
Decreased stock weights

Increased predation

Range fires

Oo0OooOooooOooOgd

6. Please list if possible all economic losses that resulted from the observed impacts.

7. Please list the impacts that occurred that your cooperative extension anticipated and
planned for.
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8. Were there any impacts that occurred that your cooperative extension did not anticipate
and plan for? If so, please list them. If not, proceed to Question 11.

9. What types of issues arose from the impacts that were not anticipated?

10. Which impacts caused more economic loss, those that were anticipated or those that
were unanticipated?

O Anticipated impacts
O Unanticipated impacts
O Losses were about the same

11. What actions were taken by your cooperative extension to cope with the observed
impacts?
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12. Were there any actions that were not taken by your cooperative extension that you
think should have been taken to cope with the observed impacts? If so, please
explain.

13. How do producers in your county prepare for or mitigate drought impacts?

14. Do you think that those with interests in agriculture in your county were well
prepared for the drought of 2007? If so, please explain how they were prepared. If
not, please explain how they were not prepared and what they could have done to be
better prepared.
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15. How would you compare the drought of 2007 to the droughts that occurred in
Kentucky in 1999-2000 and 1988 in terms of how the drought affected agriculture?

O 2007 was worse than both 1999-2000 and 1988

O 2007 was worse than 1999-2000 but not as bad as 1988
O 2007 was worse than 1988 but not as bad as 1999-2000
O 2007 was not as bad as 1999-2000 or 1988

16. Please list any existing programs used by those with agricultural interests in your
county that help to mitigate drought impacts (e.g. crop insurance, loan programs, etc.)

17. Please list the agricultural impacts that you think are the greatest issues in your
county that require more planning/mitigation.

Thank you for your participation. Your input will contribute to the greater understanding
of how drought affects agriculture in Kentucky. If you have any questions about this
study, please e-mail crystal.bergman@wku.edu.



APPENDIX B

Survey of Impacts Resulting from Kentucky Drought of 2007
Impacts on Water Supplies

(Note: This survey was created online using a software program. The survey has been retyped for
formatting purposes.)

Questions marked with a * are required.

*1. Project Title: Drought Impacts and Mitigation Strategies in Kentucky (later changed
to A Survey of Drought Impacts and Mitigation Planning in Kentucky)

Investigator: Crystal Bergman, Geography & Geology, (**%) ***-**** (phone

number deleted for privacy purposes), crystal.bergman@wku.edu

You are being asked to participate in a project conducted through Western Kentucky

University. The University requires that you give your consented agreement to

participate in this project. The investigator will explain to you in detail the purpose of

the project, the procedures to be used, and the potential benefits and possible risks of
participation. You may contact her with any questions you have to help you
understand the project. A basic explanation of the project is written below. Please
read this explanation and discuss with the researcher any questions you may have. If
you then decide to participate in the project, choose “I Agree,” and then proceed with
the study. If you wish to not participate, choose “I Disagree” and simply log out of
the study.

1. Nature and Purpose of the Project: This research involves an analysis of how
drought impacts the state of Kentucky and how Kentucky plans for and responds
to drought. It will identify strengths and weaknesses of Kentucky’s drought plan
and will also include a case study of the drought that occurred in 2007. Because
water supplies are greatly impacted by drought, a survey is being conducted to
determine anticipated and unanticipated impacts during the 2007 drought, how
that drought compares to previous droughts, and how drought response and
mitigation can be improved. It is the intention of the researcher to identify the
major issues that drought causes and to improve drought response and mitigation
so that future droughts are handled more efficiently.

2. Explanation of Procedures: The first page of the study includes this informed
consent statement. You will click “I Agree” or “I Disagree” to the informed
consent. Clicking “I Agree” means you would like to participate in the study and
you can continue with the study. Clicking “I Disagree” means that you do not
want to participate in the study, so you can just log out of it. You will then
answer the questions in the study, which should take a little time depending on
whether or not you will have to look up information to answer any of the
questions. After you finish the study, you will click “Submit Survey” to submit
the survey. After you submit the survey, you are finished with your contribution
to the project.

3. Discomfort and Risks: Due to the nature of the study, there are no known risks to
the subjects completing the study.
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4. Benefits: You may benefit from the results of the study because you will see as a
whole how water supplies were impacted by the drought. You may be able to
amend your drought plans/procedures to be better prepared for the next drought
that occurs. Upon completion, the study will be available through WKU’s
Libraries.

5. Confidentiality: Paper copies of each of the surveys returned will be kept in the
office of Stuart Foster, Department of Geography & Geology, in a locked file
cabinet for at least three years. After three years, the surveys will be shredded
and discarded. After the research project is complete, the surveys will be
removed from the Web. The surveys and results are password protected.

6. Refusal/Withdrawal: Refusal to participate in this study will have no effect on any
future services you may be entitled to from the University. Anyone who agrees to
participate in this study is free to withdraw from the study at any time with no
penalty. You understand also that it is not possible to identify all potential risks in
an experimental procedure, and you believe that reasonable safeguards have been
taken to minimize both the known and potential but unknown risks.

O I Agree
O I Disagree

*2. Your name: | |

*3. Name of your utility company/water district: |

*4. Communities your utility serves: | |

*5. Population your utility serves: | |

*6. Water source your utility utilizes: | |

7. Did you notify or have any contact with the Kentucky Division of Water during the
drought?

O Yes
O No
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8. If your utility saw an increase in water usage during any of the months in 2007
compared to 2006, please list the months and the approximate increase in usage. If
not, proceed to Question 9.

9. Did you have an increase in the use of water or increase in tap-ons for livestock during
the drought? If yes, please estimate the percent increase in water use to livestock
watering. If not, proceed to Question 10.

10. Were there any water quality issues encountered by your utility as a result of the
drought? If so, please explain. If not, proceed to Question 11.

11. Did your distribution system have any issues with low pressure or no pressure in
2007? If not, proceed to Question 13.

O Yes
O No
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12. Did your utility ever issue a boil water advisory as a result of low pressure or no
pressure?

O Yes
O No

13. Did you have to activate or locate an emergency water supply during the drought (e.g.
backup source, interconnections with other systems)?

O Yes
O No

14. Has your utility identified an emergency backup source for your water system?
O Yes

O No

15. Did your water source ever get so low that you became concerned that other users’
withdrawals were threatening your water supply? If so, please explain. If not,
proceed to Question 16.

16. Did your utility have to implement water conservation during the drought? If yes,
please explain if it was voluntary or mandatory water conservation, or if your utility
had to resort to rationing water to customers. If not, proceed to Question 18.
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17. Were you able to quantify a reduction in use related to water conservation? If yes,
please note the percent of water use reduction you achieved. If not, proceed to

Question 18.

18. Do you know of any local businesses directly affected by water shortage measures
taken by your community (e.g. car washes closed, golf courses closed, etc.)? If yes,

please explain. If not, proceed to Question 19.

19. Did your utility experience an increase in water line breaks as the drought worsened?

O Yes
O No

20. What financial impacts can you list that your utility encountered as a result of the
drought? Please list actual costs if possible.
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21. How would you compare water supply issues from the drought in 2007 to issues from
the drought that occurred in 1999-2000?

O Impacts were worse in 2007 than in 1999-2000
O Impacts were worse in 1999-2000 than in 2007
O Impacts were about the same

22. If you determined in Question 21 that the impacts were not the same for both

droughts, please explain how the impacts were different between the two droughts. If
you determined they were about the same, proceed to Question 23.

23. Does your utility publish materials that are made available to customers regarding tips
on how to conserve water?

O Yes
O No

24. Is there anything you think could be done in the future to improve your utility’s
approaches to water management during a drought? If so, please explain.

Thank you for your participation. Your input will contribute to the greater understanding
of how drought affects water supplies in Kentucky. If you have any questions about this
study, please e-mail crystal.bergman@wku.edu.



