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Glossary

Agricultural drought - a type of drought determined by a combination of precipitation shortages; soil
water deficits; reduced stream, lake, and groundwater levels; and other factors that impact crops and
livestock.

Climate division — area of the state that has relatively uniform climate characteristics. These regions
correspond to the crop reporting districts of the U.S. Department of Agriculture and have boundaries
corresponding to county and state boundaries. There are six climate divisions in Missouri.

Crop indemnity payments - payments for crop damages from U.S. Department of Agriculture crop
insurance policies.

Crop reporting district — area of the state that has relatively uniform climate characteristics. These regions
were created by the U.S. Department of Agriculture National Agriculture Statistics Service and have
boundaries corresponding to county and state boundaries. There are nine crop reporting districts in
Missouri. Crop reporting districts are more representative of the spatial variability of precipitation in
Missouri compared to climate divisions.

Drought - a period of abnormally low precipitation or excessive dryness that causes water supply
shortages, impacts to agriculture and livestock, economic damages, and/or impacts on the environment.

Drought categories - five levels of drought used by the U.S. Drought Monitor (DO: abnormally dry, DI:
moderate drought, D2: severe drought, D3: extreme drought, and D4: exceptional drought).

Drought damages - provides estimates of economic damages from drought to agriculture, municipal water
supply, power production, and tourism and recreation.

Drought indicators - variables or parameters used to assess drought conditions. Examples include
precipitation, temperature, streamflow, soil moisture, and reservoir levels.

Drought indices - computed representations of drought severity using drought indicators. Indices measure
drought quantitatively and qualitatively on a given timescale and are used to assess the severity, location,
timing, and duration of drought events.

Drought management practices — actions, restrictions, or policies implemented by individuals or entities
in response to drought conditions.

Drought response system - a planning framework for determining the appropriate level of drought, the
triggers that result in moving to the next phase of the drought response system, the mitigation and response
actions to implement at each level of drought, and the individuals and agencies responsible for various
actions during each phase.

Ecological drought - a type of drought characterized by a deficit in water availability that drives
ecosystems beyond thresholds of vulnerability, impacts ecosystem services, and triggers feedback in natural
and/or human systems. Ecological drought impacts may include reduced biodiversity, forest conversion, fish
kills in streams, river degradation, and/or species migration.
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Essential water use — water used for firefighting, health and medical purposes; maintaining minimum
streamflow requirements; electric power generation; other essential facilities and infrastructure; reasonable
amounts to sustain human life; and maintain reasonable standards of hygiene, cleanliness, and sanitation.

Flash drought - a type of drought that develops rapidly compared to conventional drought and is often
driven by abnormally high temperatures, winds, and/or incoming solar radiation, which leads to high rates
of evapotranspiration.

Global climate model — complex mathematical representation of the major climate system components
(atmosphere, land surface, ocean, and sea ice) and their interactions. The earth’s energy balance among the
four components is the key to long-term climate prediction. Also known as general circulation models.

Hydrological drought - type of drought characterized by declines in streamflow, lake levels, or
groundwater levels. Often measured on a watershed or river basin scale. While a hydrological drought
originates with the meteorological deficit in precipitation, it is measured based on the impacts to the
hydrologic system. Generally, hydrologic impacts and deficiencies lag meteorological and agricultural
indicators.

Impact - measured mainly by the economic value of drought impacts. Impacts are determined by a mostly
quantitative assessment that considers the direct economic impacts to agriculture, municipal water
supplies, power production, and tourism/recreation. Indirect, secondary, and hard-to-quantify impacts may
be qualitatively determined.

Likelihood - probability of a drought of a certain intensity and severity occurring in a given location or
region. Likelihood is determined with a quantitative assessment based on a combination of historical
drought probability and future climate conditions.

Meteorological drought - type of drought characterized by deficiencies in monthly or seasonal
precipitation. May also be characterized by higher-than-average temperatures, high winds, low relative
humidity, and less cloud cover.

Municipal water use — public water supply systems, self-supplied residences, and self-supplied businesses.

Nonessential water use — categories of water use other than essential water use, which may be restricted or
prohibited during severe or extreme drought.

Once-through cooling - using large volumes of water for cooling purposes and immediately returning the
water to a body of water as opposed to using cooling towers to recirculate cooling water.

Resilience - a measure of the speed and effectiveness in responding to drought for a given location or
region. In the context of this plan, resilience is measured mostly by a qualitative assessment that considers
ease and ability to access alternative sources of water, interconnectedness of water systems, and the Social
Vulnerability Index.

Snow drought - type of meteorological drought specific to snowfall. A dry snow drought is a result of low
winter precipitation, and a warm snow drought occurs when warm conditions reduce the ability of winter
precipitation to accumulate as snowpack.

Socioeconomic drought - considers the impacts of meteorological, agricultural, or hydrologic droughts on
supply and demand of economic goods. Socioeconomic drought occurs when there is a weather-related
shortfall in water supply that is exceeded by the demand for water to meet an economic need.
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Susceptibility — a measure of the available water supplies and the demands for a given location or region.
Determined by a mostly quantitative assessment that considers the sources of water available for use, the
quantity of water available for use, current and future water demands based on population, and other
factors that influence demand such as conservation and climate change.

U.S. Drought Monitor (USDM) - an organization that monitors drought and releases weekly publications
on drought across the United States. The USDM has developed standardized drought levels, which are
commonly used in drought planning, forecasting, and response across the country.

Willingness to pay - an economic estimate of what customers would be willing to pay for a given service or
to avoid a loss of service, often a higher dollar value than the actual cost of service, thus indicating the
importance of the service to the customer’s lifestyle.
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Section 1 Introduction

1.1 Background

Missouri's climate is characterized by hot, humid summers, cold winters, and variable seasonal
precipitation. Historically, mean annual precipitation for Missouri is approximately 43 inches; however,
precipitation varies throughout the state from an annual low of 34 inches in the northwest to a high of 50
inches in the southeast. Particularly during summer months, when loss of water by evaporation and
transpiration is high, infrequent rainfall can lead to drought conditions. Nearly every year, portions of the
state have short periods of drought, and severe droughts have been experienced multiple times in the
history of Missouri, most recently in 2012 and 2018. While droughts are often short term, lasting from
weeks to a few months, drought can persist into multiyear events, intensifying impacts and escalating the
need for adequate and efficient drought mitigation and response. Drought planning or preparation includes
proactive actions taken by individuals, industries, government, and others in advance of water shortages to
mitigate some of the impacts and conflicts associated with drought. Drought response is reactive mitigation
action taken during a drought to reduce its impacts on people, the environment, and the economy.

This Missouri Drought Mitigation and Response Plan is intended to aid state, federal, and local government
officials; commercial, industrial, and private water users; and public and private water suppliers in planning
and responding to drought events in Missouri. The primary goals of the plan are to serve as an information
source for reducing drought impacts, increasing public awareness, enhancing resiliency, promoting water
conservation, adapting to climate change, improving monitoring, facilitating response planning, and
clarifying roles and responsibilities. This plan is an update to the 2002 Missouri Drought Plan published by
the Missouri Department of Natural Resources Water Resources Program. It builds and expands upon data
and information in the Missouri Water Resources Plan 2020 Update and the 2018 Missouri State Hazard
Mitigation Plan (HMP).

A key component of this plan is the assessment of Missouri’s drought history and an examination of past
direct and indirect drought impacts. Potential future impacts are estimated by region for each major water
use sector. Another key component is the assessment of regional vulnerability using a combination of the
elements of likelihood, susceptibility, impact, and resilience. Figure 1-1 defines each of these elements and
summarizes how they are quantitatively or qualitatively evaluated in this plan. These four elements expand
on the regional assessment of drought susceptibility presented in the 2002 Missouri Drought Plan and the
county-level assessment of drought vulnerability presented in the 2018 Missouri State HMP. Within this
plan, each element is assessed regionally to aid in identifying and selecting drought mitigation options and
strategies that best address the elements that most contribute to drought vulnerability for a particular
region and water use sector.
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Drought vulnerability is the combination of:

Likelihood
What is the probability of a drought of a

certain intensity and severity occurring in
aregion?

A quantitative assessment based on a
combination of historical drought probability
and potential future conditions.

* Historical drought probability will be
determined from 1895-2016 PDSIs by
county (as calculated in the 2018 Missouri
State Hazard Mitigation Plan).

Potential future conditions will be
estimated based on changes to the PDSI,
as calculated from climate model
predicted temperature and precipitation.

Susceptibility
What are the primary sources of water,
how much water is available, and what
are the current and projected water
demands in a region?

A mostly quantitative assessment that
considers the:

* Sources of water available for use and the
amount available
Current and future demands, by sector,
based on current population and future
projections, and considering other factors
that influence demand, such as the level of
conservation and climate change.

Figure 1-1. Elements Used to Characterize Drought Vulnerability
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Impact

What are the potential impacts to a
region if a drought were to occur? What is
the economic cost of those impacts?

A mostly quantitative assessment that
considers the direct, economic impacts to:

Agriculture

Municipal water supplies
Power production
Tourism/recreation

Indirect, secondary, and hard-to-quantify
impacts are qualitatively considered.

Resilience

What technical and financial resources are
available and how quickly and effectively
can each region respond to drought?

A mostly qualitative assessment that
considers the:

Ease and ability to access alternative
sources of water

Interconnectedness of water systems
Amount of storage in reservoirs, livestock
ponds, etc.

Social Vulnerability Index (SoVI) and other
assessments of technical and financial
resources, in areas deemed especially
susceptible to drought.
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1.2 Report Organization

Section 2 defines the types of drought that may impact the state and provides an overview of potential
impacts from each drought type. It discusses drought history in Missouri by type, regions affected, impacts,
severity, and length followed by a discussion of drought management strategies and examples at the state
level. Section 3 includes a quantification of current water use, building on the data analysis completed as
part of the Missouri Water Resources Plan 2020 Update. Regional differences in water sources and source
constraints are discussed and used to assess regional resiliency to drought. Section 4 identifies damages
from drought and provides estimates of economic drought damages to agriculture, municipal water supply,
power production, and tourism and recreation. Section 5 discusses regional likelihood and susceptibility to
drought, and along with the evaluations of resilience and damages, identifies the regions most vulnerable to
drought. Section 6 presents the state drought mitigation goals and summarizes state, federal, and local
capabilities, roles, and responsibilities, including those of the state Drought Advisory Committee. It also
provides an overview of drought mitigation funding opportunities for drought mitigation and response.
Section 7 presents the most important actions and strategies for preparing and responding to drought.
Finally, Section 8 presents a comprehensive matrix of drought actions and strategies. These actions are
intended to assist federal, state, and local entities to prioritize and develop preparedness and mitigative
drought actions.

Overview of Missouri Drought Mitigation and Response Plan Sections

Plan sections are organized as follows:

= Section 2 Assessment of Drought Types and Impacts - discusses the different types of drought,
highlights potential impacts from drought, summarizes the history of drought in Missouri, and
provides an overview of strategies to prepare for and respond to drought.

= Section 3 Current Use and Resiliency Assessment — discusses current water use, including sources
of supply and regional source constraints. It also identifies factors that improve drought resilience
and assesses the use of these factors on the regional scale.

»  Section 4 Assessment of Drought Related Damages - identifies damages from drought events and
provides estimates of economic damages from drought water use sectors. Secondary, indirect effects
are also identified.

»  Section 5 Assessment of Drought Vulnerability — discusses the likelihood, susceptibility, and overall
vulnerability to drought by region within Missouri.

= Section 6 Drought Mitigation Capabilities - introduces Missouri’s drought mitigation goals and
summarizes federal, state, and local capabilities, roles, and responsibilities.

= Section 7 Drought Response System and Recommendations - provides major recommendations for
drought planning and response.

=  Section 8 Matrix of Drought Actions - provides federal, state, and local preparedness and drought
response actions organized by water use category and applicable drought response phase.
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Section 2 Assessment of Drought Types and Impacts

2.1 Introduction

This section identifies and defines the types of drought that may impact Missouri, summarizes the history of
drought and its impact to the state, and provides an initial identification of general drought mitigation and
response options. The strategies to prepare for and respond to drought are further developed in Section 7,
Drought Mitigation and Response.

Overview of Section 2 Assessment of Drought Types and Impacts

This section discusses the different types of drought, highlights potential impacts from drought,
summarizes the history of drought in Missouri, and provides an overview of strategies to prepare for and
respond to drought. Subsections are organized as follows:

= Section 2.2 Defining Drought - presents the conceptual and operational definitions of drought and
introduces indicators and indices used to monitor drought.

= Section 2.3 Drought Impacts - identifies potential impacts from drought in Missouri.
= Section 2.4 History of Drought, Drought Monitoring, and Drought Response in Missouri —
summarizes the history of drought in Missouri, focusing primarily on recent droughts.

= Section 2.5 General Mitigation, Assessment, and Response Options — provides an overview of
drought mitigation, assessment, and response options and strategies.

2.2 Defining Drought

Drought is generally defined as a lack of precipitation over an extended period that results in a water
shortage. However, given the many different types of drought and the multitude of environmental, social,
and economic impacts, numerous definitions of drought have been developed. These definitions can be
categorized as conceptual, which focuses on the idea or concept of drought, or operational, which relates to
how a drought functions or how it can be measured. Conceptually defining drought is useful when
establishing drought policy. Conceptual definitions are specific to the type of drought or water use sector
most impacted. For example, a hydrologic drought could be defined as a reduction in streamflow, reservoir
levels, and aquifer levels, resulting in reduced water supply availability. The operational definitions of
drought typically describe the degrees of departure from climatic variables to analyze drought frequency,
severity, and duration. Operationally defining drought helps water users, policy makers, and resource
planners in recognizing and planning for drought (National Drought Mitigation Center [NDMC] 2021a).

2.2.1 Drought Types and Timescales

Drought types have traditionally been defined by how they develop and their impacts. It is also important to
recognize and record droughts based on timescales. Droughts are typically defined as meteorological,
hydrological, agricultural, socioeconomic, or ecological. Meteorological and hydrological droughts are
defined by how they develop, and can be linked with agricultural, socioeconomic, and/or ecological
droughts based on their primary impacts. Within each of these drought types, droughts can also be
classified as short-term or long-term. Periods of precipitation deficit that last for a few weeks or months are
considered short-term droughts. Indicators used to monitor short-term drought include topsoil moisture
and streamflow, and indices used to monitor for short-term drought impacts include the Standardized
Precipitation Index (SPI), Palmer Z Index, and Crop Moisture Index (CMI). Periods of precipitation deficit
and drought patterns that last more than 6 months are typically considered long-term droughts (NDMC
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202la). Indicators used to monitor long-term drought impacts include reservoir storage and groundwater
levels. Figure 2-1 depicts the general sequence of drought types and common drivers.

Natural Climate Variability

Precipitation deficiency High temperature, high winds,
(amount, intensity, timing) low relative humidity, greater
sunshine, less cloud cover

Reduced infiltration, runoff,
deep percolation, and Increased evaporation and
groundwater recharge transpiration

Meteorological Drought

Soil water deficiency

Agricultural

Plant water stress, reduced
biomass and yield

Time (Duration)

Reduced streamflow, inflow to reservoirs, lakes
and ponds; reduced wetlands, wildlife habitat

Drought

Hydrological

Economic

Impacts
Environmental

Impacts

Ecological
Drought

Social
Impacts

Socioeconomic

Figure 2-1. Sequence of Drought Types and Common Drivers
Adapted from NDMC

Drought can also develop rapidly, in what is referred to as flash drought. In addition to the lack of
precipitation associated with conventional drought, flash droughts are often driven by abnormally high
temperatures, winds, and/or incoming solar radiation, which leads to high evapotranspiration (ET) rates.

In most of the central United States, a meteorological drought may be defined by deficiencies in monthly or
seasonal precipitation. Additionally, a meteorological drought may also be characterized by higher-than-
average temperatures, high winds, low relative humidity, and less cloud cover. All regions of Missouri may
experience meteorological drought; however, a review of historical Palmer Drought Severity Indices (PDSIs)
indicates precipitation deficiencies are more common in the Northwest Prairie and Northeast Prairie
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climate divisions (Missouri Department of Public Safety 2018). A snow drought is a type of meteorological
drought that may have indirect impacts on water supply in Missouri. When snow drought occurs
northwest of Missouri, it could impact Missouri River Basin inflows and reduce flows in the Missouri River.
There are two types of snow drought: dry snow drought, which results from low winter precipitation, and
warm snow drought, which occurs when warm conditions reduce the ability of winter precipitation to
accumulate as snowpack. A dry or warm snow drought in areas northwest of Missouri that provide runoff
to the Upper Missouri River Basin may result in reduced snowmelt-derived flows between March and
August as the Missouri River enters the state.

A hydrological drought is measured by declines in streamflow, lake levels, or groundwater levels.
Hydrological drought is often measured on a watershed or river basin scale. While a hydrological drought
originates with a meteorological deficit in precipitation, it is measured based on the impacts to the
hydrologic system. Generally, hydrologic impacts and deficiencies lag meteorological and agricultural
indicators. For example, it may take several months for precipitation deficiencies to cause declines in
reservoir levels. During a short-term drought, declines in surface water flows may impact water supplies for
agriculture, municipal and industrial water supply, hydropower production, recreation, and ecosystem
habitat. In long-term drought conditions, hydrological impacts may include aquifer depletion, subsidence,
permanent loss of storage for groundwater, and infrastructure damage. Hydrologic droughts may occur in
every region of the state. Drought occurring outside of Missouri can also result in hydrological impacts
within the state, specifically where rivers and streams flow into the state and help maintain reservoir levels,
such as in the Northwest, North Central, Northeast, and Southwest regions.

An agricultural drought may be determined by a combination of precipitation shortages; soil water deficits;
reduced stream, lake, and groundwater levels; and other factors that impact crops and livestock. Soil water
deficiencies in an agricultural drought may lead to plant water stress and reduced biomass and yield.
Impacts during a short-term drought may include damage to crops from depletion of topsoil moisture.
Shallow-rooted plants, such as corn and wheat crops, are often the first impacted. Long-term and short-
term droughts can result in complete crop and forage failure and livestock sell-offs. Impacts from
agricultural drought have occurred historically throughout Missouri; however, the Northeast, North
Central, and Northwest regions are the most vulnerable to extensive impacts associated with agricultural
drought based on water availability and crop acreage.

A socioeconomic drought considers the impacts of meteorological, agricultural, or hydrologic droughts on
supply and demand of economic goods. Socioeconomic drought occurs when there is a weather-related
shortfall in water supply that is exceeded by the demand for water to meet an economic need. All regions of
the state may experience a socioeconomic drought, although the economic drivers and impacts in each
region are likely to differ.

An ecological drought is a deficit in water availability that drives ecosystems beyond thresholds of
vulnerability, impacts ecosystem services, and triggers feedback in natural and/or human systems.
Ecological drought impacts may include reduced biodiversity, forest conversion, fish kills in streams, river
degradation, and/or species migration. Short-term droughts may cause woody plants such as trees and
shrubs to wilt, while long-term drought may cause native plants to die back and allow invasive plant
species to intrude. Changes in plant cover during long-term drought reduce habitat for wildlife and affect
water resources. Dry vegetation and higher-than-average temperatures can also leave regions more
susceptible to wildfire. All regions of the state may experience ecological drought, although the impacts
may differ substantially based on the type of ecosystems present. The temperate forest of the Missouri
Ozarks in southern Missouri are vulnerable to ecological drought based on the ecological diversity and
importance of this region.
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2.2.2 Missouri's Climate

Understanding climate records and trends in Missouri is important to understanding drought. Missouri's
climate is driven by its inland location and lack of mountain barriers to airflow from the north and south,
resulting in a climate characterized with hot, humid summers and cold winters. Long-term average annual
precipitation throughout Missouri over the past 125 years is 41.1 inches annually, ranking it 24th nationwide
for precipitation (Missouri Climate Center 2021a). The National Oceanic and Atmospheric Administration
(NOAA) calculates climate normals using a 30-year period from 1991 to 2020, which results in a mean
annual precipitation of 43.5 inches for Missouri. As shown in Figure 2-2, the 30-year mean annual
precipitation varies across the state, from a low of 34 inches in the northwest to a high over 50 inches in the
southeast. Seasonal precipitation varies widely. In northwestern Missouri, June precipitation averages five
times greater than January precipitation, while in southeastern Missouri, precipitation has minimal
seasonality because of the greater influences of subtropical air throughout the year (Decker 2018).

Put
| Marcer am ¢ Scotland | ¢
Harrisan i
Sullivan Adair
Grundy Knax Lewis
Daviess
Lt Macon Shelby | Maron
Caldwell £ I
Chariton | {  Monroe i
Carroll i
Ray e e — Pike
L Audrain
Saline Howard
Latayetta - Lincaln
ol Boone
Seond vy Warren | StCharies
Johnson Peltis men i
Annual Precipitation Caan Maniteau | stiouis
{Inches) e —— Cole _
Margan Frankin :
. oy
: Bates L .. Jefferson
| 36-38 Maries
St Clair | Camden
38-40 / St
Hickary Genevieve)
40-42 Vemnon | =
Cedar nooks’ Perry
42-44 Dalias | | aclede
44 - 486
. -0
o 25 50
[ ]

Miles

5

Figure 2-2. Missouri Mean Annual Precipitation, 1991-2020
Source: PRISM Climate Group, Oregon State University

The U.S. Department of Agriculture (USDA) National Agriculture Statistics Service designates nine crop
reporting districts for Missouri, as shown in Figure 2-3, which is the spatial resolution typically used in
this drought mitigation and response plan.

Crop reporting districts were selected because they are more representative of the spatial variability of
precipitation than other geographic types that cover larger areas (Guinan 2004). Spatial variability of
precipitation is the most relevant climate variable in regard to drought. Therefore, this plan will summarize
information by crop reporting districts, also referred to as regions, unless explicitly stated otherwise.
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Region

I Northwest
[ North central
I northeast
[ west central
E Central
- East Central
[ southwest
- South Central
- Southeast

0 25 50

Figure 2-3. Missouri Crop Reporting Districts

All of Missouri is vulnerable to extreme precipitation conditions, in the form of both floods and droughts.
High temperatures during summer months lead to greater water loss from the top layers of soil resulting
from high evaporation and transpiration. If precipitation does not occur at frequent intervals, or with
enough intensity to replenish water loss, a drought will occur. Short periods of drought occur nearly every
year in portions of Missouri, while longer, prolonged droughts occur more infrequently but can cause
widespread distress.

Droughts in Missouri can be a statewide, regional, or localized problem. They also can occur at various
timescales. Portions of the state have experienced long-term droughts lasting several years, and short-term
droughts lasting several weeks to months. Drought conditions can evolve slowly or can occur with rapid
onset. Regardless of the geographic location and timescale of the drought, it can lead to devastating impacts
statewide. Monitoring and proactive planning for drought conditions is extremely important in mitigating
these impacts.

2.2.3 Drought Indicators, Indices, and Monitoring Tools

Drought indicators are variables or parameters used to assess drought conditions. Examples include
precipitation, temperature, streamflow, soil moisture, and reservoir levels. Drought indices are computed
representations of drought severity using drought indicators. Indices measure drought quantitatively and
qualitatively on a given timescale and are used to assess the severity, location, timing, and duration of
drought events. Indicators and indices are especially helpful to agencies that monitor drought and guide
early warning and response.
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Several agencies in Missouri, regionally, and nationally monitor potential drought indicators and indices on
a weekly basis. Nationally, NDMC, USDA, and NOAA collaborate on drought monitoring to produce the
U.S. Drought Monitor (USDM). Regionally, the Midwestern Regional Climate Center tracks climate
conditions in nine midwestern states. Locally, the Missouri Climate Center at the University of Missouri
monitors temperature, precipitation, and drought indices within Missouri.

Development of new indices and tools over the past 20 years has allowed many agencies to shift from using
a single index or indicator to monitor drought and guide the early warning process, to using multiple
indices and monitoring tools based on a variety of indicators. Over the past decade, composite or hybrid
indicators have been developed to merge different indicators or indices into a single, manageable tool for
decision-makers, referred to as a monitoring tool.

Indicators and indices are selected for drought planning purposes based on several factors. In some cases,
monitoring tools are selected based on their use of multiple drought indices, ground truthing, and expert
input. Some of the more commonly used drought indices and monitoring tools and their relationship to
drought planning are summarized in the following paragraphs.

Drought Indices

e Standardized Precipitation Index (SPI): The SPI is
a drought index developed in 1993 that shows
historical precipitation data compared to a specific
time period of precipitation for various timeframes.
For example, a 3-month SPI compares precipitation
over a specific 3-month period with precipitation totals for the same three-month period for all
years included in the historical record. The resulting SPI value is interpreted as the number of
standard deviations by which the observed or recent time period deviates from the long-term
historical mean precipitation. An index of zero indicates the historical median precipitation
amount. A negative index represents dry conditions (and may represent a drought) and a positive
index indicates wet conditions. The SPI is calculated on several timescales ranging from 1 to 48
months to capture short- and long-term drought. The SPI uses only precipitation data, which
makes it easy to use and calculate (World Meteorological Organization [WMO] and Global Water
Partnership [GWP] 2016). While the stand-alone use of precipitation data is considered a key
strength because it is easy to use and comparable across regions, it is also considered a limitation, as
the index does not account for temperature and ET, nor does it consider the intensity of
precipitation (Keyantash et al. 2018).

Drought indicators and indices
provide useful triggers to help

agencies monitor, prepare for, and
respond to drought conditions.

SPI can be used to view both short- and long-term conditions based on the chosen timescale.
Figure 2-4 illustrates national SPI maps at 1-, 6-, and 12-month intervals. Monitoring of short-term
conditions can help identify short-term soil moisture deficits and crop stress, while a 3- or 6-month
SPI provides a seasonal estimate of precipitation. The longer SPI intervals characterize
precipitation patterns that are likely to have more influence on streamflow, reservoir levels, and
groundwater levels than shorter intervals.
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1-month SPI through the end of July 2018 6-month SPI through the end of July 2018

12-month SPI through the end of July 2018
SPI
B +2.0 and above (extremely wet)
+1.50 to +1.99 (very wet)
+1.0 to +1.49 (moderately wet)
-0.99 to +0.99 (near normal)
-1.00 to -1.49 (moderately dry)

-1.5 to -1.98 (very dry) Jic _l\_,

B -2.0 and below (extremely dry)

Figure 2-4. United States Standardized Precipitation Index Maps by Climate Division
Source: NDMC

e Standard Precipitation Evapotranspiration Index (SPEI): The SPEL is an extension of the SPI
and uses precipitation with a temperature component that is used to determine potential
evapotranspiration (PET). The SPEI can be calculated on a timescale of 1 to 48 months and has an
intensity scale similar to the SPI, with positive and negative values that identify wet and dry events.
A key strength of the SPEI over the SPI is that it captures the impact of increased temperature in
addition to precipitation (Vicente-Serrano et al. 2015). However, it is not ideal for identifying
rapidly developing drought situations since it is a monthly index.

e  Palmer Drought Severity Index (PDSI): The PDSI was originally developed in 1965 and is the first
index that was developed for measuring drought. The PDSI categorizes levels of wetness and
dryness using monthly temperature and precipitation data along with information on the water-
holding capacity of soils. PDSI values range from -10 (very dry) to +10 (very wet), with zero being
normal, but it is typically shown on a national level at a scale of -4 to +4. A moderate drought value
is -2, and conditions of extreme drought start at -4. The PDSI is most useful for measuring long-
term drought and abnormal dryness or wetness. It has been used to designate disaster areas and
reflect long-term status of water supply; however, the values have been shown to lag or respond
slowly, making it less useful in detecting emerging and short-term drought situations (Dai et al.
2019). Figure 2-5 illustrates the PDSI for each Missouri climate division in July of 2018. The
Northwest Prairie was experiencing severe drought according to the PDSI categorization.
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Northeast
Prairie

Palmer Drought Severity Index
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- Extremely Moist (4.00 and above)

Very Moist (3.00 to 3.99)

B Moderately Moist (2.00 to 2.89)
|:| Mid-Range {-1.99 to 1.99)
E Moderate Drought (-2.00 to -2.99)
- Severe Drought (-3.00 to -3.99)
- Extreme Drought (-4.00 and below) West Ozarks
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Figure 2-5. Palmer Drought Severity Index Map by Climate Division, July 2018
Source: NOAA

e Palmer Z Index: The Palmer Z Index is a derivative of the PDSI and is typically calculated for
shorter timescales, allowing it to better represent short-term conditions and identify rapidly
developing drought better than the PDSI. It is useful for comparing current periods to other known
drought periods (WMO and GWP 2016).

e Palmer Hydrological Drought Index (PHDI): The PHDI is another derivative of the PDSI and
measures long-term hydrological impacts of drought such as water storage, streamflow, and
groundwater. This long-term index responds more slowly to changing conditions than the PDSI
(WMO and GWP 2016).

e Crop Moisture Index (CMI): The CMI is an extension of the PDSI that considers agricultural
drought impacts. The CMl is calculated by subtracting the difference between PET and moisture to
indicate short-term moisture supply for crop-producing regions. PET is the amount of evaporation
from soils and transpiration from plants that would occur if a sufficient water source were
available. The CMI is calculated on a week-to-week timescale and is not a long-term drought
monitoring tool (NDMC 2021b).

e Surface Water Supply Index (SWSI): The SWSI was developed in 1982 and incorporated water
supply data into the PDSI. This index is calculated at the basin level and identifies the approximate
frequency of mild drought occurrence to identify drought conditions associated with hydrological
fluctuations (WMO and GWP 2016).
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NOAA Drought Index (NDI): The NDI was developed in the early 1980s as an indicator of how
drought conditions affect agriculture. The index is precipitation-based, comparing weekly actual
precipitation with normal 8-week average precipitation values during the growing season. If the
actual precipitation is at 60 percent or less of the normal precipitation, the current week is
considered to have water stress (WMO and GWP 2016).

Drought Monitoring Tools

U.S. Drought Monitor (USDM): The USDM was developed in 1999 by NDMC at the University of
Nebraska-Lincoln, NOAA, and USDA. The USDM map is released weekly and provides a regional
depiction of areas and intensity of drought using five classifications on a scale of DO (abnormally
dry) through D4 (exceptional drought), as shown in Table 2-1.

Table 2-1. U.S. Drought Monitor Classifications

Category | Description | Possible Impacts

Going into drought:
* Short-term dryness slowing planting, growth of crops or pastures
Abnormally . v &p &8 P P
DO Dr Coming out of drought:
¥ * Some lingering water deficits
* Pastures or crops not fully recovering
* Some damage to crops and pastures
b1 Moderate * Streams, reservoirs, or wells low, some water shortages
Drought developing or imminent
* Voluntary water-use restrictions requested
* Crop or pasture losses likel
Severe porp ¥
D2 * Water shortages common
Drought . .
* Water restrictions imposed
Extreme » Major crop/pasture losses
Drought » Widespread water shortages or restrictions
. * Exceptional and widespread crop/pasture losses
Exceptional P . P . p/p .
* Shortages of water in reservoirs, streams, and wells creating
Drought

water emergencies

Source: U.S. Drought Monitor

The USDM uses numeric inputs, including the PDSI, the SPI, and other climatological inputs in
addition to expert input and local observers to interpret current conditions and assign a category
representing drought intensity. Ground truthing and collecting local information is completed via a
network of observers across the country that includes state climatologists, National Weather
Service staff, extension agents, and hydrologists (USDM 2021). Available at:
https://droughtmonitor.unl.edu/

U.S. Agricultural Commodities in Drought: This weekly map produced by USDA shows the
percentage of agricultural commodities being affected by drought. The map is created using USDM
and agricultural census data (NDMC 2021c). Available at: https://agindrought.unl.edu/

Drought Impact Reporter (DIR): DIR was developed in 2005 by NDMC and provides a historical
archive of drought impacts based mainly on input from stakeholder, government, and media
reports, as well as volunteer observations. This interactive database of drought impacts can be
searched by location, data, drought type, and cost (NDMC 2021d). Available at:
https://droughtreporter.unl.edu/map/
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e Community Collaborative Rain, Hail & Snow Network (CoCoRaHS): CoCoRaHS is a
volunteer network of weather observers that measure and map local precipitation. Daily
precipitation maps are updated every 5 minutes, and precipitation summary data is available to
compare measurements on various timescales. Condition monitoring data is also collected from
observers and is used to create maps and reports used by USDM committees in determining the
drought status of areas. Major sponsors include NOAA and the National Science Foundation, and
the network is used by a variety of organizations and individuals including NDMC and the
National Integrated Drought Information System (NIDIS). Available at: https://www.cocorahs.org/

¢ Condition Monitoring Observer Reports (CMOR): This nationwide service, provided by NDMC
in partnership with NIDIS, allows users to report drought-related conditions including
photographs. This information then appears on a map and becomes part of a permanent record
database. Available at: https://droughtimpacts.unl.edu/ConditionMonitoringObservations.aspx

2.3 Drought Impacts

A drought impact is an observable effect or change on human activity or a natural process at a specific time
that is directly or indirectly caused by drought. The interaction of the drought event and the exposed
elements, such as people, agricultural areas, reservoirs, and water supplies, and the vulnerabilities of these
elements to droughts, determines the impacts. Economic, environmental, and social impacts from drought
conditions can cause widespread distress. Direct impacts can cause ripple effects resulting in indirect (or
secondary) impacts, which must be carefully considered in drought planning and response.

Economic impacts may include impacts to farmers, businesses, and individuals. In cases of severe drought,
farmers may lose money because of destroyed crops. In less severe situations, farmers may be forced to
spend additional money on irrigation or new groundwater wells. Indirectly, businesses that support farmers
or depend on farming, such as agricultural supply companies, may lose business when drought impacts
crops or livestock. Furthermore, these expenses may be further passed on to the consumer in the price of
food and other agricultural products. Municipal and industrial economic impacts may include additional
expenses for water companies or industries to secure additional water supplies. Recreation- and navigation-
related industries may also incur loss of business or additional expenses owing to decreased water levels.

There are many environmental impacts that can result from drought conditions. Plant and animal habitat
can be destroyed or damaged and disease can increase in wild animals because of lack of food and water
supply. In some cases, wildlife may have options for migration to areas with sufficient water supply, but
extreme drought can lead to extreme stress or death for plants and animals from inadequate drinking water
supply. Landscape-level transitions may occur following a prolonged drought. Drought can also cause
decreased water levels in lakes, reservoirs, and streams, as well as loss of wetlands. Decreased reservoir and
surface water levels can also lead to increased water temperatures and poor water quality. Susceptibility to
wildfire also increases during drought conditions.

Social impacts of drought are those that affect not only changes in lifestyle, but also those that affect health
and safety. Social impacts may include reduced incomes, relocating families or businesses to areas with
adequate and reliable water supply, and decreased availability of water-based recreational activities. More
extreme impacts include stress from economic loss caused by drought, health-related impacts from poor
water quality, decreased water availability, and/or poor air quality due to increased dust. There may also be
public safety concerns because of increased range and frequency of wildfires. Ultimately, extreme drought
conditions can also lead to loss of human life.
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Alist of potential drought impacts in Missouri for each category of drought is provided in Table 2-2. The
list, which includes examples of both direct and indirect impacts, does not represent all impacts that result
from drought.

Table 2-2. Potential Drought Impacts in Missouri

Economic Impacts ‘ Environmental Impacts ‘ Social Impacts

e Reduced crop yields or crop loss e Increased fire threats and wildfire e Reduced recreational

e Increased consumer cost for e Reservoir, lake, pond, and river opportunities
certain foods levels decline e Human health impacts from

e Increased levels of nitrates in corn, | ® Aquifer depletion reduced water quality and
forage, silage, and baleage, e Animal stress (e.g., disease) owing quantity
limiting their use and supply and to lack of food and drinking water e Human health impacts from
increasing costs availability increased dust and wildfire

e Limited hay and water for cattle e Increased animal mortality particulate matter

e Culling livestock e Migration of wildlife e Stress and other negative mental

e Increased pests and diseases that | e Insect populations decrease or health outcomes resulting from
affect crops, forage, and livestock increase economic and environmental

e Reduced livestock sales e Fish kills due to low flows and/or impacts

e Cost for hauling water and high stream temperatures ® Increased risk of disease in drier
transporting hay for livestock e Extinction of local species conditions

e Increased crop irrigation cost e Reduced biodiversity e Increased mortality rates

e Cost to develop new water e Increased algal growth, lower e Decrease in hunting as animal
sources, such as drilling new wells dissolved oxygen levels, and populations change behaviors and
and digging existing wells deeper increased turbidity animal mortality rises

e Tourism and water recreation e Loss of wetlands e Reduced income for individuals in
business declines e Stress to trees, landscaping, and occupations impacted by drought

e Municipal water restrictions cause lawns ® Increased threat to public safety
decreased revenue e Forest conversion to non-forested because of forest and range fires

e Building foundation damage vegetation because of wildfire and | ® Human migration from rural areas
because of dry soil insects to urban areas

e Reduced water supply for e Poor soil quality e Conflicts because of lack of water
hydropower e Wind erosion of soils supply

e Reduced groundwater availability
for municipal and agricultural use

e Reduced river transportation and
increased transportation costs

e Reduced manufacturing and
closure of manufacturing facilities

Understanding and monitoring drought indicators and indices and implementing a robust drought early
warning system that triggers early preparedness and mitigation can help reduce the impacts of drought.
NIDIS established the Drought Early Warning System (DEWS) program, which uses networks of data and
information, to make climate and drought science available for decision-makers. Missouri falls within the
overlapping Midwest DEWS and Missouri River Basin DEWS, both of which provide tools and information
aimed at improving drought monitoring, forecasting, planning, and preparedness. Assessment of impacts is
complicated and is directly related to overall drought exposure and vulnerability. Understanding drought
impacts is essential to developing strategies to assist in mitigating future droughts.
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2.4 History of Drought, Drought Monitoring, and Drought Response in Missouri

The current drought categories used by the USDM were established in 1999 by NDMC and NOAA using a
numerical drought classification scale similar to the Fujita Scale for tornadoes and the Saffir-Simpson scale
for hurricanes to allow for easier interpretation of drought conditions by the public and to provide a
uniform method of comparing droughts (Svoboda et al. 2002). These USDM drought categories have been
retroactively applied to historical data by NIDIS, based on the SPI, in an attempt to standardize the analysis
of droughts before and after the implementation of the USDM. Therefore, the drought category ratings for
droughts prior to 2000 were not created in the same manner as droughts occurring since 2000. Additionally,
other drought reporting tools, such as the DIR and the CMOR, have only become available in recent years.

While historical events are not necessarily indicative of future conditions, analysis of past droughts and
drought response in Missouri can identify potential impacts of future droughts and help select effective
mitigation, monitoring, and response measures. Droughts impacting at least some portion of Missouri are
common occurrences throughout recent history and are expected to impact some part of the state every year
(Decker and Guinan 2016). Most droughts are short in duration, lasting a few weeks to a few months, but
occasionally they are prolonged. The intensity and spatial extent of drought also varies widely between
drought events. Severe droughts have been experienced multiple times in the history of Missouri, but there
is no convincing evidence they occur with any cyclic regularity (Decker 2018). The following provides a
brief history of droughts that have impacted Missouri.

2.4.1 Droughts Occurring Prior to 2000 in Missouri

Numerous droughts have occurred in Missouri since official records began in 1895. Based on the historical
data available from NOAA/NIDIS, a significant drought started in May 1901 that continued through the
summer of 1902 until above-average precipitation brought the state out of drought (although some counties
in the Southeast region were still in drought conditions through December 1902). The state average
precipitation in 1902 was only 25.86 inches, making it the second driest year on record (Missouri Climate
Center 2021b). There were 12 straight months of D4 drought conditions impacting some portion of the
state, with 7 of those months (August 1901 to February 1902) affecting more than 50 percent of the state. In
January 1902, D4 drought conditions covered 84.9 percent of the state and every county was in some form of
drought. The impacts from this drought are difficult to quantify given the available data.

Over the next 30 years, droughts were typically short-term events with more localized impacts. Notable
exceptions occurred in 1914 and 1918, when drought impacts had a larger spatial extent, although these were
short-term or flash droughts. The Dust Bowl of the 1930s saw widespread drought conditions impacting
large portions of the Midwest owing to a combination of drought, high temperatures, and poor farming
practices that increased soil loss because of wind erosion. Missouri experienced exceptional drought in 1930
to 1931, 1934, and 1936, with each drought being more severe than the previous in terms of spatial extent,
duration, and intensity. Each subsequent drought occurred before the impacted areas could adequately
recover, making the next drought occurrence even more severe. The state oscillated in and out of drought
from 1936 to 1939 but not to the extent of the droughts earlier in the decade. The final drought event
associated with the Dust Bowl in Missouri was the prolonged but low-intensity drought from fall 1939
through summer 1941. The Dust Bowl-era droughts had a significant impact on agriculture across the
Midwest and contributed to the severity of the Great Depression. Economic impacts from these droughts
are difficult to quantify, but total federal aid across the United States is estimated to have exceeded $1
billion (in 1930s dollars, or $18 billion in 2020 dollars) by the droughts’ end (Mid-America Regional Council
2010).

A prolonged, severe drought returned to Missouri from 1952 to 1956, with 1953 being the driest year on
record. The state annual average precipitation was only 25.5 inches that year, compared to an annual
average of 41 inches (Missouri Climate Center 2021b); 1952 to 1956 is the driest consecutive 5-year period
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on record for Missouri since 1895, with a departure from normal of 48 inches of precipitation over that
time (Guinan 2019). Analysis of historical SPI data converted to the current drought categories shows 97.1
percent of Missouri was experiencing D4 drought in February 1954.

This drought resulted in significant impacts to agriculture and urban water systems that were exacerbated
by high temperatures; the highest temperature ever recorded in Missouri (118 degrees Fahrenheit) occurred
on July 14,1954 (Missouri Climate Center 2021b). Damage to the corn, soybeans, and spring wheat crops
was widespread, with some areas reporting total loss of crops. Livestock mortality increased and farmers
sold cattle, sheep, and hogs earlier than normal, which caused prices to fall. In mid-July, the United States
Senate passed a bill allowing the Farm Credit Administration to make loans to farmers impacted by
drought. The Governor, working with farm groups, proposed the federal government provide increased
financial assistance and make a disaster declaration for the entire state. The federal government agreed to
purchase beef, if necessary, to prevent a price drop, and President Eisenhower eventually declared 81 of the
114 counties in Missouri disaster areas. State and federal grants were made available to transport hay from
other states to farmers in Missouri to feed livestock and mitigate the impact of the drought on grazing
pastures. Water systems in Kansas City and St. Louis faced severe shortages because of expanding suburbs
and infrastructure that could not accommodate the extreme conditions. Outdoor watering restrictions were
enacted to help ease the demand and penalties were levied to reduce noncompliance (Westcott 2011).

Analysis of USDM data shows significant droughts also occurred in Missouri from 1963 to 1964, from 1976
t0 1977, in 1980, and from 1988 to 1989. These droughts had irregular spatial distributions as opposed to
wide-area coverage, meaning that the impacts varied significantly from one area to another. However, by the
end of each drought event, substantial portions of the state had been impacted.

The drought of 1988 to 1989, often referred to as the Great Drought, impacted at least 35 states. According to
USDM data, the Great Drought brought exceptional drought conditions across northern Missouri and
moderate to extreme drought conditions across central Missouri. The city of La Belle in Lewis County
experienced the lowest annual precipitation in the last 100 years, with only 14.97 inches recorded in 1988
(Missouri Climate Center 2021b). Extreme and exceptional drought conditions persisted in northeast
Missouri well into 1989. Simultaneously, southern Missouri was either not experiencing drought conditions
or, in the case of the Southeast region, had above-average precipitation.

In 1989, the State Water Resources Plan required that the Missouri Department of Natural Resources
(MoDNR) ensure the quality and quantity of Missouri’s water resources be maintained at the highest
possible level to support present and future uses by developing a long-range comprehensive plan for the use
of surface water and groundwater (MoDNR 2002). Up to that time, drought in Missouri was largely
considered a rural problem to be primarily handled by private citizens, industry, or local governments. The
1995 Drought Response Plan acknowledged that drought could have regional or statewide implications and
established the Drought Assessment Committee (DAC) to coordinate a drought response effort during
future drought events. Additionally, improvements were made to precipitation measurements, streamflow
observations, groundwater level monitoring, and reservoir operation modeling. When the DAC was first
activated in July 1999, emergency conservation reserve lands and alternative water supplies were made
available for livestock and agricultural needs (Westcott 2011).

2.4.2 Droughts Occurring Since 2000 in Missouri

The USDM has assigned drought categories at various spatial resolutions since 2000. Data is available for
the entire United States, individual states, counties, climate regions, climate divisions, Federal Emergency
Management Agency regions, and several other area types. The historical drought conditions in Missouri
since 2000 are shown in Figure 2-6. The drought of 2012 was the most intense drought to impact Missouri
since the USDM began categorizing drought on a weekly basis. The longest period of drought (D1 to D4) in
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Missouri since 2000 began in July 2002 and ended in May 2004, for a total of 99 weeks in drought (NIDIS
2021).
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Figure 2-6. Percent of Area in Missouri in Each Drought Category, 2000-2020
Source: USDM

A new method introduced by the USDM for analyzing drought data is the Drought Severity and Coverage
Index (DSCI), which converts drought levels from the USDM to a single numerical value for a given
geographic area (e.g., state, county, climate division). Using the DSCI provides a convenient way to
transform USDM data from categorical to continuous, and to aggregate data based on political boundaries
(Akyuz 2017). The DSCI can be calculated using categorical data and applying the following formula using
the percentage of area covered by each drought category:

(1xD0)+ (2xD1)+ (3xD2)+ (4 xD3) + (5 x D4) = DSCI

The DSCI was calculated for each county using historical monthly data from NIDIS for 1895 to 2020 based
on SPI data converted to USDM drought categories. This methodology was selected due to USDM drought
data only being available since 2000 and to ensure a consistent methodology was applied to the entire
historical data set available for Missouri. The resulting monthly DSCI values were averaged for 1895 to 2020,
as shown in Figure 2-7, and indicate counties in the West Central and Central regions had the highest
drought severity and coverage over the last 125 years. The data also shows that counties in the Southeast
and South Central regions had lower drought severity and coverage over the period of available data.
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Figure 2-7. Average Monthly DSCI by County, 1895-2020
Source: NIDIS

Analyzing NIDIS data over different timescales results in different spatial pattern and ranges of DSCI values
compared to using the entire period of record. As shown in Figure 2-8, the average DSCI from 1895 to 1990
excluding the most recent 30-year period is significantly different in spatial distribution from the average
DSCI from 1895 to 2020 and has a larger range of values. Notable differences include the Northwest region
being the least impacted by drought over that time, while the Central and East Central regions were the

most impacted.

g MISSOURI
B oveior 215
Masouri Geologicsl Survey



D RMRTROUGHT MITIGATION AND RESPONSE PLAN

Average DSCI
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Figure 2-8. Average Monthly DSCI by County, 1895-1990
Source: NIDIS

Conversely, the average DSCI over the previous 30 years is highest in counties within the Northwest and
North Central regions, as shown in Figure 2-9, while counties in the East Central, South Central, and
Southeast regions have the lowest level of drought severity and coverage. The average DSCI over the
previous 30 years also reflects a spatial pattern similar to that of the 30-year average annual precipitation,
with increasing precipitation from northwest to southeast.

Appendix A includes a series of 12 maps depicting the average DSCI by county for each decade since 1900.
The average DSCI scale is kept consistent on each map to allow for comparison between decades. When
evaluated by decade, the average DSCI maps highlight the fact that the droughts of the 1930s and 1950s were
the most severe and widespread. Even with the droughts of 2012 and 2018 (which are discussed below), the
most recent decade shows relatively low average DSCIs. Only the 1920s and 1990s appear to have lower
average DSCIs (lower drought extent and severity) than the 2010s.
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Figure 2-9. Average Monthly DSCI by County, 1991-2020

Source: NIDIS

Historical USDM drought data was analyzed based on percent of time in drought, consecutive weeks in
drought, and nonconsecutive weeks in drought at the county level. A county was determined to be in
drought for a given week if 0.01 percent of the county was in D1 or worse drought conditions. This is the
threshold value the USDA uses when applying USDM data to their programs (Fuchs 2021). Likewise,
consecutive and nonconsecutive weeks in drought are determined by the USDM based on the same

threshold value of 0.01 percent of area within a county. The percent of time in drought, as shown in Figure
2-10, has a similar pattern as the DSCI by county over the last 30 years and indicates that some counties in

the Northwest and Northeast regions have spent nearly twice as much time in drought as counties in the

East Central and Southeast regions.
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Figure 2-10. Percent of Time in Drought by County, 1991-2020
Source: NIDIS

The data for consecutive and nonconsecutive weeks in drought is useful information but difficult to
aggregate and present in a concise, clear method since data is separated by drought category. However, the
data generally presents the same pattern as the climate division level data in that counties in the Northwest
typically have the highest number of consecutive and nonconsecutive weeks in drought based on all
drought category levels. One notable difference is that counties in the Southeast region rank relatively high
in comparison to other counties for average number of consecutive weeks in drought at the D3 and D4
levels, mainly because of the 2012 drought that resulted in the Southeast region experiencing exceptional
and extreme drought conditions.

The droughts of 2012 and 2018 were the most significant drought events in the last 30 years in Missouri. A
brief history of each drought is presented in more detail in the following subsections.

2.4.3 Drought of 2012

The 2012 drought was the worst drought impacting Missouri since the Great Drought of 1988 to 1989, and
one of the worst droughts since the drought of record in the 1950s. The 2012 drought was preceded by an
unusually dry winter, and large portions of the state had only just come out of abnormally dry to moderate
drought conditions from the prior year. Drought conditions began in the Southeast region in May before
expanding across the entire state within a few weeks. The quick onset of the drought and rapidly
deteriorating conditions classify this event as a flash drought. This type of drought increases the difficulty of
mitigating the impacts because of the lack of time to respond. Figure 2-11 provides a timeline of the 2012
drought and the following paragraphs summarize the impacts and response.
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Figure 2-11. Timeline of the 2012 Drought

On June 29, 2012, in response to severe heat, dry conditions, and fire risks, Governor Nixon issued Executive
Order (EO) 12-06. The EO directed the State Emergency Management Agency, the state fire marshal, and
other state agencies to help coordinate resources and responses with local authorities. The Missouri
National Guard was also ordered to ready personnel and supplies to support firefighting operations if
needed (Missouri Secretary of State 2012a). By that time, over 600 acres had burned in the Mark Twain
National Forest and 100 acres were actively burning (MoDNR 2013). EO 12-06 was set to expire on July 29,
2012, unless extended in part or in whole.

On July 10, 2012, Governor Nixon requested a statewide disaster assessment, a prerequisite to a disaster
declaration, and on July 12, the first counties in Missouri began receiving disaster declarations. An
agricultural disaster declaration may be issued by the President of the United States or the Secretary of
Agriculture and recognizes a loss of at least 30 percent of production of at least one crop in a county or for a
producer. Eligible farmers can then be considered for assistance, such as loans from the Farm Service
Agency (FSA). All 114 counties in Missouri were declared drought disaster areas within the next week,
making Missouri the first state to receive a statewide designation for drought in 2012. Few USDA programs
were available at the time to assist growers, livestock producers, and farming communities. The Soil and
Water Districts Commission was urged to take emergency action to allow producers to use livestock
exclusion areas under contract for grazing, haying, and watering (MoDNR 2013).

Continuing drought conditions led Governor Nixon to issue EO 12-07 and EO 12-08 on July 23, 2012. EO 12-
07 declared a state of emergency that activated the Missouri State Emergency Operations Plan, designated
additional resources be made available to those affected, and extended EO 12-06 to October 1, 2012
(Missouri Secretary of State 2012b). EO 12-08 authorized the Soil and Water Districts Commission to
implement an emergency cost-sharing program for farmers to drill or deepen wells or to expand watering
systems. EO 12-08 also established an Agriculture Water Resource Technical Review Team that was
responsible for assisting in the expedited processing of applications and implementation of the emergency
cost-sharing program. Any completed application not acted upon by a local soil and water district within 72
hours of receipt would be immediately forwarded to the Agriculture Water Resource Technical Review
Team for approval or denial. All projects approved under the cost-sharing program were required to be
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completed within 60 days of the issuance of the EO. The cost-sharing rate was set at 90 percent with a
maximum award of $20,000 (Missouri Secretary of State 2012¢). The Soil and Water Districts Commission
approved $2 million for the cost-sharing program initially and shortly thereafter, Governor Nixon directed
an additional $5 million into the program. The commission increased funding by an additional $4.8 million
on July 26, which brought the total cost-sharing program funding to $11.8 million (MoDNR 2013).

Additional response measures included the Governor instructing the Department of Social Services to
redirect $1.5 million in Low-Income Home Energy Assistance Program funds to assist low-income
Missourians with cooling costs. Governor Nixon urged crisis centers across the state to address suicide
prevention in farming communities owing to increased stress caused by drought conditions (NDMC 2012).
DNR'’s Public Drinking Water division coordinated with regional offices to survey every public water
system in the state to assess the impacts of the drought. The department used the results of the survey to
develop a list of water systems concerned with drought to allow for prioritization of assistance and
mitigation efforts. The Department of Agriculture’s online hay directory, which is available year-round,
connects buyers and sellers in Missouri and eight surrounding states; this resource was further promoted
during the drought as a mitigation tool with the University of Missouri’s Cooperative Extension Service
providing outreach efforts to producers and rural communities. The Missouri Cattlemen’s Association also
developed a pasture- and hay-sharing network on their website (MoDNR 2013).

By the end of July 2012, Missouri had the worst conditions for
corn, soybeans, and pastures in the nation according to the

The quick onset of the 2012 flash

National Agricultural Statistics Service. The period of May drought and rapidly deteriorating
through July was the third warmest and third driest on record. ~ [Reelale[iilelyIRTale/g=E=lo R [No iy ilelV]13%
In response, the Missouri Department of Agriculture requested, in forging an effective response,
and was granted, approval from Missouri Department of and emphasizes the need for

Transportation (MoDOT) for farmers to haul overweight loads
of silage and baleage on highways over concerns that hay
shortages might increase. Heavier grain loads were allowed
during harvest as well, because of low water levels on the
Missouri and Mississippi rivers that limited grain movement
by barge. By August 2, 2012, the USDM reported that 93 percent of the state was in extreme drought—a
significant increase from the prior week when 69 percent of the state was in extreme drought. On August
21, the Soil and Water Districts Commission voted to approve splitting the remaining cost-sharing program
costs equally with other state funding sources, which increased the total amount of available funds.

effective forecasting, monitoring
and predrought mitigation
actions and strategies.

The week of August 21 saw the drought peak in severity, with 35.7 percent of Missouri experiencing D4
drought conditions and 63.6 percent of the state in D3 drought conditions, as shown in Figure 2-12. The
USDA stated that 99 percent of Missouri pastures were in poor or very poor condition. Hay and other
roughages were rated 90 percent inadequate (short) and stock water supplies were rated 94 percent
inadequate (short). Crops were also suffering as 85 percent of corn and 78 percent of soybeans were rated
OOI tO Very poor.

On August 27, the Governor announced the cost-sharing program review and approval process had been
completed. Interest in the program was higher than anticipated and increased the cost to roughly $29
million, as the state approved 5,885 applications with an average project cost of over $4,800. The highest
number of emergency cost-sharing projects approved were in the Central, West Central, South Central, and
Southwest regions. These same regions had the highest number of projects to drill new wells or deepen
existing wells. The West Central, Southwest, and South Central regions had the highest total dollar amount
of approved projects by county, followed by the East Central region, because the majority of livestock and
poultry farms in the state were in these regions. Projects that connected customers to public water systems

=28 MISSOURI
[ | ¢ B - 2-20



D RAE)IDROUGHT MITIGATION AND RESPONSE PLAN

mainly occurred in the Northwest, North Central, Northeast, Central, and West Central regions because of
the lack of groundwater suitable for use. Eight public water districts did not accept additional service
connections owing to supply capacity and infrastructure issues. Additionally, EO 12-08 required that water
projects not adversely affect public water supplies. Governor Nixon issued EO 12-09 on September 10,
which extended the state of emergency to November 15, owing to heat, fire risk, and prolonged drought.
Cost-sharing program participants were also given more time to complete projects. The EO established a
Program Audit and Compliance Team to ensure program accountability (Missouri Secretary of State 2012d).
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The U.S. Drought Moniter is jeintly produced by the National Drought Mitigation Center
at the University of Nebraska-Lincoln, the United States Department of Agriculture,
and the National Oceanic and Atmospheric Administration. All maps in this report
created with USDM data are courtesy of NDMC.

Figure 2-12. Drought Conditions During the Week of August 21, 2012
Source: USDM

The extreme and exceptional drought conditions began to subside as the remnants of Hurricane Isaac
moved across southern Missouri on August 30, 2012, bringing rain to the rest of the state over the Labor Day
weekend. However, severe and moderate drought conditions lingered through the fall and into early spring
2013 for most of the state (MoDNR 2013).

Average statewide precipitation from June to August 2012 was 5.97 inches, making it the third driest
summer on record and the driest since 1953. During this same time, St. Louis experienced 61 out of 92 days
when temperatures exceeded 90 degrees Fahrenheit (MoDNR 2013). According to the DIR, extreme heat
and drought threatened wildlife and burn bans were implemented in all conservation areas across the state.
Public water supplies faced supply shortages that prompted voluntary and mandatory water conservation
orders across the state. In the city of Warrenton, the groundwater level dropped so low that the pump inlet
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was exposed in a supply well, causing damage to equipment and loss of production. Low water levels on the
Mississippi River forced the Associated Electric Cooperative to deploy diesel powered pumps to supply
water to the New Madrid Power Plant to maintain electricity supply to approximately 660,000 homes,
farms, and businesses. Use of the diesel pumps maintained the operation of the power plant but
significantly increased costs at a time when financial strain on farmers was already causing widespread
hardship (MoDNR 2013).

While the exact economic impact on Missouri from the 2012 drought is difficult to ascertain because of the
broad nature of drought impacts, estimated losses to livestock and poultry operations exceeded $547
million when accounting for increased feed costs, changes to livestock sales and inventory, and livestock
mortality in 2012 and 2013, according to University of Missouri economist Ron Plain (MoDNR 2013). Many
farmers were forced to sell livestock to reduce operating costs; however, most livestock were underweight
because of the drought and prices were suppressed by the increased supply for sale. Nearly 100 dairy
operations closed during 2012 according to Dave Drennan, Executive Director for the Missouri Dairy
Association (NDMC 2012).

The federal government response to the drought of 2012 included USDA taking several administrative
actions, such as reducing the interest rate for emergency loans from 3.75 to 2.25 percent, making larger
payments to producers using Conservation Reserve Program (CRP) lands for emergency haying and grazing
than under normal circumstances, and announcing the purchase of up to $170 million in livestock and fish
products to help alleviate the financial impacts of drought on meat and catfish producers. The U.S. Army
Corps of Engineers (USACE) took emergency actions such as blasting rocks in shallow river areas to avoid
disruptions to inland waterway navigation. Potential disruptions to Mississippi River barge traffic resulted
in increased interest among Mississippi River stakeholders in having federal infrastructure on the Missouri
River and its tributaries operated to support Mississippi River navigation. The intensifying interest of
Mississippi River stakeholders added to the challenge USACE experienced in balancing the needs of a
diverse mix of basin stakeholders that included agricultural, municipal, and industrial water supply users;
hydroelectric power users; navigational interests; and ecological considerations for species that rely on
certain water flows and the timing of water releases (Folger et al. 2013).

2.4.4 Drought of 2018

The 2018 drought was the second worst drought impacting Missouri since the Great Drought. While during
the flash drought of 2012 a higher percent of the state experienced extreme and exceptional drought
conditions, the 2018 drought lasted longer and caused significant impacts. The drought began in fall 2017 as
periods of abnormally dry and moderate drought conditions occurred across much of eastern Missouri
resulting from below-average precipitation since May 2017. Severe drought conditions began to appear
across the South Central and East Central regions by December 2017, while abnormally dry and moderate
drought conditions expanded to western portions of the state. The drought continued to expand and almost
the entire state was in some form of drought condition by February 2018. The eastern portion of the state
saw some relief in March, April, and May 2018, while the western portion continued to experience
abnormally dry to moderate drought conditions. However, drought conditions returned to much of the state
by summer 2018 and lasted through that fall. Figure 2-13 provides a timeline of the 2018 drought and the
following paragraphs summarize the impacts and response.

The Missouri Drought Response Plan in effect during 2018 called for the formation of a Climate and
Weather Committee (CWC) to monitor climatic conditions as drought began to emerge within the state.
The committee first met on January 29, 2018, to discuss dry conditions over the previous months and early
preparations should the drought persist into the growing season. Precipitation in early spring 2018 reduced
concerns of drought, but extreme fluctuations in monthly temperature occurred between April and May;
April was the second coldest on record and May was the warmest on record since 1895 (Guinan 2019).
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Below-average precipitation in May combined with above-average temperatures resulted in high rates of ET
and soil moisture depletion. Pastures and crops were stunted by the extreme temperature fluctuations and
lack of available moisture in the soil. The USDM indicated that 18.75 percent of the state was experiencing
some form of drought (DI to D4) by the first week of June. The CWC met again on June 7, 2018, to discuss
the existing conditions while noting that continued hot and dry conditions could lead to a quick
progression of drought conditions across the state. The CWC met for a third time on July 13, 2018, as
conditions continued to deteriorate rapidly. Extreme and severe drought conditions were seen across the
Northwest and North Central regions and severe to moderate drought conditions occurred across most of
the northern and western portions of the state. The committee recommended that the state enter Phase 2 of
the Drought Response Plan and requested that Governor Parson issue an EO declaring a drought in affected
areas of the state (MoDNR 2019).
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Figure 2-13. Timeline of the 2018 Drought

Governor Parson issued EO 18-05 on July 18, 2018, declaring a drought alert for all 47 counties experiencing
severe, extreme, or exceptional drought and counties with the potential to enter drought conditions in the
near future. The EO directed MoDNR to activate and designate a chair for the DAC and requested state and
federal agencies participate as needed. State agencies were also directed to examine how they could assist
affected communities and communities that may be impacted in the future through temporary suspension
of administrative rules, appropriation, or other means of support to mitigate the effects of the drought
conditions (Missouri Secretary of State 2018). In response, the Soil and Water Districts Commission
approved changes to policies for cover crop funding, grazing contracts, and grazing in livestock exclusion
areas (and created a new program for pond cleanout), providing over $8,150,000 in funding to Missouri
landowners (MoDNR 2019).

The first meeting of the DAC was held on July 26, 2018, to provide background information about the
existing drought to the committee members and share initial resources available to communities already
impacted by drought. Two separate impact teams were formed to assess the impacts on agriculture and
public water supplies with the purpose of sharing information with the DAC at subsequent meetings. Pat
Guinan, the state climatologist, announced the launch of the Missouri-specific Drought Conditions and
Impacts reporting tool hosted by NDMC through the CMOR system. This reporting tool allowed any
person to report impacts observed from drought and upload pictures of local drought conditions. There
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were 1,488 reports and nearly 200 photos submitted through the CMOR system for Missouri during the
2018 drought (MoDNR 2019).

The DAC met again on August 8, 2018, to continue coordinating resources among state and local agencies.
The public water systems for Cameron, Hamilton (in the Northwest region), and the North Central
Missouri Regional Water Commission were discussed because of their potential for requiring emergency
action if drought conditions continued. Impacts to agriculture and livestock producers were also discussed.
MoDOT announced it would issue over-width permits free of charge to aid in transporting hay throughout
the state. Governor Parson announced the availability of additional water and hay resources on August 20 in
response to the DAC meeting; up to 5,000 gallons of water a day was made available per family farm for
livestock at 28 Missouri Department of Conservation (MDC) areas and 5 MoDNR state parks, while a hay
lottery was created for farmers to allow haying on 900 acres of Missouri State Parks free of charge. MDC
also allowed haying on 474 acres of Conservation Area land (MoDNR 2019). According to the DIR, hay
prices reached $150 per ton, which was higher than during the drought of 2012, owing to Missouri
producing the lowest amount of hay since the Great Drought of 1988 to 1989.

Governor Parson also announced that over $77,000 in state funds would be made immediately available to
assist two public water systems impacted by drought and $912,568 made available in the form of MoDNR
emergency grants for 10 eligible projects that submitted applications for assistance. Eight of the 10 projects
eligible for emergency grants were cofunded with Missouri Department of Economic Development’s
Community Development Block Grants, which increased funding by an additional $2,678,608 (MoDNR
2019).

At the peak of drought severity the week of August 14, 2018, 83.3 percent of Missouri was in some form of
drought (DI to D4); 5.5 percent of Missouri was experiencing D4 drought conditions and 19.9 percent was
experiencing D3 drought conditions, as shown in Figure 2-14. The most intense drought conditions,
ranging from severe to exceptional, occurred in the Northwest, North Central, and Central regions, with the
Southwest region also experiencing severe to extreme drought.

Weather conditions changed shortly after the drought reached peak intensity and significant rainfall over
the subsequent weeks alleviated the exceptional and extreme drought conditions across northern Missouri.
Drought conditions continued to improve throughout September 2018, but some localized extreme and
severe drought conditions remained. A final DAC meeting was held on September 27, 2018, to discuss the
short-term relief in drought conditions from recent precipitation and the need to continue to monitor the
long-term hydrological drought conditions that remained across the state. Existing drought conditions
continued to improve, and only 1 percent of Missouri remained in moderate drought by the end of October
2018. Some northern counties reported rainfall of 20 to 25 inches from mid-August to mid-October, which
was close to the total precipitation from the prior 12-month period (MoDNR 2019).

Federal agencies provided assistance mainly in the form of additional funding for farmers. USDA’s Natural
Resources Conservation Service (NRCS) announced a modification to the Environmental Quality Incentive
Program that provided $2 million in funds to plant cover crops to address inadequate feed, forage, and other
natural resource concerns resulting from drought. The modification allowed farmers to use the cover crops
for grazing and haying whereas previously only grazing was allowed. NRCS received 1,525 applications for
assistance that covered more than 206,000 acres of Missouri farmland, which would have cost $13,400,000
to fully fund had funding been available. Missouri NRCS was granted an additional $2 million from the
national office, for a total of $4 million in program funds awarded to 489 properties covering approximately
66,000 acres.
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Figure 2-14. Drought Conditions During the Week of August 14, 2018
Source: USDM

NRCS also allowed landowners to cut hay on 50 percent of grassy areas within their wetland easements in
counties experiencing severe or extreme drought conditions. NRCS eventually expanded the number of
counties for which additional easement areas were eligible, and an estimated 15,000 acres of grassy area was
eventually made available for haying (MoDNR 2019).

FSA offered disaster assistance and low-interest loan programs to assist agricultural producers impacted by
drought, including the Livestock Forage Disaster Program (LFP); Emergency Assistance for Livestock,
Honeybees, and Farm-Raised Fish Program (ELAP); Emergency Loan Program; Noninsured Crop Disaster
Assistance Program; Emergency Conservation Program (ECP); and CRP Emergency Haying and Grazing
Component. There were 61 counties in Missouri eligible for the LFP and ELAP, 32 counties eligible for an
estimated $2 million in ECP funds, and 58 counties eligible for CRP emergency haying and grazing approval
(MoDNR 2019).

The drought of 2018 was notably different from the flash drought of 2012 in several ways, including the
spatial extent, the timescale on which the drought occurred, and the overall impacts to Missouri. While the
drought of 2012 had extreme and exceptional conditions over large portions of the state, the impacts from the
drought in 2018 were more localized in certain counties and regions. However, large portions of the state still
experienced severe or moderate drought in 2018. Furthermore, the drought was significantly longer than the
drought of 2012, which resulted in compounding impacts over time. Prices for hay were higher in 2018 than
in 2012 because of the length of the drought; pastures were unable to recover and subsequent growing
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The drought of 2018 was notably seasons required an increasing amount of hay to be purchased

. to compensate for the poor conditions of pastures. The amount
different from the drought of 2012 [N precipitation necessary to alleviate the drought
in several ways, including the was also much greater than in 2012 owing to the prolonged
spatial extent (more localized) and moisture deficit.
the timescale on which the

drought occurred (longer).

As previously noted, the CMOR service was launched in 2018
by NDMC. Reports could be submitted by members of the
public and could include pictures of local drought conditions.
These reports and pictures serve as useful examples of potential impacts from drought and form a historical
database as more reports are collected over time. Examples of user-submitted reports from the drought of
2018 were collected and are presented below.

The most common photos uploaded to the CMOR website show dry pastures and grasslands. Figure 2-15
shows a picture uploaded on August 5, 2018, with an area of a resident’s property where greywater runoff
was keeping grass in healthy condition directly adjacent to grass receiving no supplemental water. The
drought-stricken grass shown in the picture was representative of their entire 1,000-acre ranch in Texas
County.

Other commonly uploaded photos included
ponds with low water levels, as shown in
Figure 2-16. The user commented that their
pond was drying up, forcing them to haul
water from another location. They also
commented that the drought had resulted in
no regrowth for the fall pasture. Another
photo taken in Linn County shows a pond
with a low water level, which included a
comment that no surface runoff from rain
had been experienced since fall 2017,
resulting in extremely low (if any) water
levels in ponds and very poor water quality.

While some photos uploaded to the CMOR : 2o
website are not particulaﬂy noteworthy, the Figure 2-15. Drought Conditions in Texas County, August 2018
accompanying details included by the user Source: CMOR

can be insightful. For example, a farmer in Johnson County remarked in August 2018 that “the creek and
pond is dry, which has never happened since renting the pasture 5 years ago. Grass is gone—we've been
feeding hay and hauling water to cattle for 3 weeks. To make it worse, hay production is half of normal,
there's very little hay a