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Executive Summary

The Hawaii Drought PlaffHDP) has been updated for use by the Hawaii Drought Council to
improve coordination and implementation of drought management strategies for the State of

| g AADP ¢KS NBGAASR LIy A&d AYyUSYRSR (2 &aSNIC
entities can work together to proactively implement mitigation measures and appropriate
response actions during periods of drought. Effective coordination of these activities can help
reduce and minimize the effects upon the peoplad natural resources of Hawaii.

The HDPwas designed as an informative guide to help reduce the negative impacts that
drought conditions cause for the State of Hawaiadtlressesn overview of drought in Hawaii
Ff2y3 ¢AGK GKS GKNBFG 2F Fdzi dzZNB oughNProgai,i &4 =
methods for drought monitoring, forecasting, and impact assessment, and strategies for
drought planning and mitigation. Drought mitigation has bemmphasized in this plan as a
proactive approach to lessen the intensity of dry periods.

Snce the initial HDP in 2000, much progréss beemmade with drought planningparticularly

with regard to implementation of specific recommended actiohs.the future, continued
implementation of recommended plan provisiomgll reman a key challenged the Hawaii
Drought Council and its member agencies and stakeholder representatives. Appropriate
government and private sector resources will need to be identified to address the
recommended priority mitigation actions identified in the plan. The succéshe plan will
ultimately be measured by the ability of government agencies, stakeholders the general
public to function as a team in achieving the necessary goals and objetdivesccessful
mitigationof droughtimpactsfor the state.

ThisLX 'y KlFa o6SSy RSaAA3IYSR a || ReylFYAO Gt AQAyY
updated to reflect changing conditions, new information, and an evolving leadership structure
encompassing the Hawaii Drought Coundiawaii Drought Monitor Author,and the
County/Local Drought Committees. The plan will be made available orH#venii Drought

Website to facilitate public access and the review of future plapdates.
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1. INTRODUCTION

Drought, whichoccurs from prolonged periods of abnormally low rainfall, has the potential to
severely affect communities and the environment in a variety of ways. The impacts of drought
include decimation of crops and livestock, the creation of dustbowls and erosiamagcapes,
damage to terrestrial and aquatic wildlife haligdaenhanced wildfires, andconomic damage.

For yearsfarmers, ranchers, scientists, economists, small business owners, environmentalists,
wildlife managers, and county, state, and federal ages have grappled with the faeaching
consequences of drought. Drought can lead to tough decisions regarding allocation of water,
stringent wateruse limitations in large urban areaand problems in ensuring safe drinking
water and adequate water suppk for firefighting efforts.

In Hawaii, there are additional issues such as growing conflicts between agricultural uses of
surface water and instream uses, surface and ground water interrelationships, and the effects
of growing water demands otraditional and cultural uses of water. In the past, drought was
addressed as a temporary emergency anctians were taken in response to impacts, in a
reactionary fashion. The most important lesson learned in recent years is that the best time to
reduce he impacts of drought is before they occur. Therefore, it is important to develop a plan
that advocates a proactive drought management approach. Haeaii Drought Plamas been
developed withthe intent of providing a strong proactive approach to droughlpng with
outlining responses and appropriate communication actitmrsvhen drought occurs

1.1  Purpose

Droughts and wildland fires threaten all islands of the State of Hawaii in any given year. As
recently as the spring of 2016 Hawaii was threatenecckyeme drought on parts of Hawaii
Island, causing severe impgadncludingcattle deathsand shortened crop seasonBarts of
Oahu,Maui, and Kauawere also impacted bgrought in 2016, with wildfire on the slopes of
Diamond Head on Oahu and voluntary taerareductions in certain locations on Maui. With
continued economic growtrand development in the wildlandirban interface(WUI) areas,

along with increased dry periods caused by a changing clintlaéepccurrence ofdrought
throughout the State of Hawaiis bound toincrease in the future. Drought planning, including
aggressive preparedness and mitigation measures and regular updating biathaii Drought

Plan will be effective in reducing propgriosses and in enhancing publafety.

The Hawaii Droght Plan in addition to serving as a compendium of droughlated
information, also identifies two key activities: 1) shtetm, immediate response actions to
address specific, imminent drought impacts, and 2) fargn, ongoing mitigatioractionsthat
will helppreparefor future droughtoccurrences.

The purpose of this plan is to provide a coordinated and consistent program and a framework
for integrating federal, state, county, and private sector actions to reduce the impact of human
suffering and tominimize property losses due to drought. The plan is intended to serve as a
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working guide for those agencies that have the capabilities and resources to develop effective
response and mitigation programs within their areas of jurisdiction. The succdbs @flan is
heavily dependent upon coordination and commitment from all levels of government, as well as
the private sector. Effective drought planning and mitigation programs can reduce the need for
extensive federal, stateand county emergency relief expenditures to rebuild local economies,
and to reduce conflicts over competition for water duridigpught.

1.2 Scope

The HDP includes a description of historical occurrences, climatological statistics, risk
assessments of suscadplity and vulnerability to drought, as well as the identification of
potential impacts related to specific geographical locatiombe HDP alsemphasizes the
identification of pre and postdrought preparedness and mitigation measures for
implementatian by government agencies, stakeholders, and the gempenralic.

TheHawaii Drought Plaestablishes the following leadership structure:

1 Hawaii Drought Council (HDC)

9 State Drought Coordinator (SDC)

1 Hawaii Drought Monitor Author (HDMA)

1 County/ Local Droughitommittees (CLDCs)
Participation in these groups is designed to include, but not be limited to, individuals and/or
organizations that can best share their knowledge and experience regarding local issues,
resources, and priorities for drought response amntiigation.

1.3 Goals and Objectives

Theobjective of theHawalii Drought Plan is to be prepared for and mitigate against the impacts
of future drought events in Hawaii. With that in mind the key components of the plan include:
1 An overview of drought in BEwalii
1 Details onHawaif2 @ought program
1 Monitoring and forecasting
o Timely predictions and monitoring of drought conditions
Impactassessments
Risk and vulnerability
0 Risk assessment of drougtdlated impacts to the (1) agriculture and commerce
(2) municpal water supply, and (3) environment, public health and safety sectors
1 Communication and response actions
o Detailed response measures for state and county agencies
1 Mitigation and preparedness
o Mitigation of drought impacts through effective planning aasoduring non
drought periods
1 Recommendations and implementation actions

= =
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2. RELATEBLANS AND POLICIES

This section provides information on various State and County mandates and responsibilities
that influence the design and application of tlawaii Drought Plan Hawaii has numerous
plans and policies in place that provide comprehensive water security planning for the state.
This section provides brief descriptions of these strategies as a background for subsequent
chapters. Statewide collaboration omater planning is a key aspect of preparing Hawaii for
future drought incidents.

Hawaii Water Plan

The Hawaii Water Plan consigi§ five constituent parts: 1Water Resource Protection Plan
which is prepared by the Commission Wfater Resource Marmgement, 2)Water Quality Plan
which is prepared by the Department Bealth, 3)State Water Projects Plan which is prepared
by the Engineering Division of the Department ahdl and Natural Resources, Agyricultural
Water Use and Development Plan whiclpispared by the Department of Agriculture, and 5)
Water Use and Development Plans prepared by each separate county.

The Water Resource Protection Plan (WRPP) and the Water Quality Plan (WQP) provide the
overall legal and policy framework that guide theveélopment, conservation, and use of water
resources. The State Water Projects Plan (SWPP) and Agricultural Water Use and Development
Plan (AWUDP) provide information on State and agricultural water needs and development
plans. All this information is theintegrated into the County Water Use and Development Plans
(WUDP), which set forth the broad allocation of waterland use within each county. Figufe
illustrates the integration of the various components of the Hawaii Water Plan. Each
component of theHawaii Water Plan focuses on a specific objective and assesses elements
summarized in Tabld. The Hawaii Water Plan is a living document and many of these
components are currently being updated. Please seeHhesaii Water Plan websitfor more
information.

Hawaii Water Objectives Elements Assessed Status
Plan Component
Water Resource To protect and sustain 1 Aquifer Sustainable Yield | Original:2008
Protection Plan statewide groundwater and| 1 Instream Flow Standards | Update in Progress.
(WRPP) surface water resources, | 1 Water Sources
watersheds and natural 1 Water Use
stream environments. 1 Water Rights
Responsible Agency 1 Water Resource Monitoring
CWRM 1 Water Management and
Regulations
1 Resource Conservation anc
Augmentation
Water Quality Plan | To protect the public health| § Water QualityStandards Original:1990
(WQP) and sensitive ecological 1 Water Quality Monitoring | Updated:2014 (Draft)
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Responsible Agency
DOH

systems by preserving,
protecting, restoring and
enhancing the quality of
ground and surface water
throughout the State of
Hawaii.

1 Wellhead Protection

1 Wastewater Treatment

1 Recycled Water Use

1 Compliance and
Enforcement

State Water Projects
Plan (SWPP)

Responsible Agency
DLNR

To provide a framework for
planning and
implementation of water
development programs to
meet projected water
demands for State projects

¢ State Water Sources
1 State Water Needs

2003 Update
Update in Progress.

Agricultural Water
Use and
Development Plan
(AWUDP)

To assess State and privaty
agricultural water use,
supply and irrigation water
systems through a long
range management plan.

1 Irrigation Systems,
Reservoirs
1 Agricultural water needs

Original:2003/2004
Update in Progress.

CountyWater Use
and Development
Plan (WUDP)

To set forth the allocation g
water to land use through
the development of policies
and strategies to guide the
County in its planning,
management, and
development of water
resources to meet projecte
demands

1 Assessment of land use
plans and plicies

1 Current and future water
demands

1 Water systems

1 Resource and facility
options, including supply
sources, transmission,
storage and conservation

1 Watershed protection

Kauai Originall990
Oahu Originali990
Maui Original1990
Hawaii Update2010

Updates in Progress.

Tablel. Hawaii WatePlanDocument Status
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http://files.hawaii.gov/dlnr/cwrm/planning/awudp2004.pdf
http://files.hawaii.gov/dlnr/cwrm/planning/wudpka1990.pdf
http://files.hawaii.gov/dlnr/cwrm/planning/wudpoa1990.pdf
http://files.hawaii.gov/dlnr/cwrm/planning/wudpma1990.pdf
http://files.hawaii.gov/dlnr/cwrm/planning/wudpha2012.pdf

Hawaii Water Plan

Water Resource Protection| Water Quality Plan
Protection Plan Policies

State Water State Needs Agricultural Water
Projects Plan Use and
Development Plan
\

County-Wide \ / Land Use
Demands County Water Use Consistency
and Development
Plans

Figurel. Hawaii Water Plan Components

State WaterCode

The State Water CodeChapter 174C, Hawaii Revised Statutes (HRS) was passed by the Hawaii
State Legislature in July 1987 for the posps of protectingand managingHawaii's water
resources. lis administered by th€ommission on Water Resource Managem&i\WRM and
provides for the legal basis and establishment of the CWRM and its authorities and
responsibilities.

Specified in the War Code, the Code shall be liberally interpreted to obtain maximum
beneficial use of the waters of the State for purposes declared to be in the public interest, such
as domestic uses, aquaculture uses, irrigation and other agricultural uses, power daeeakyp

and commercial and industrial uses. The Code also specifies that adequate provision shall be
made for the protection of traditional and customary Hawaiian rights, the protection and
procreation of fish and wildlife, the maintenance of proper ecolabibalance and scenic
beauty, and the preservation and enhancement of waters of the State for municipal uses, public
recreation publicwater supply,agriculture,andnavigation.

State Multi-Hazard Mitigation Plan
Hazard mitigation is an action or number of actions taken to reduce or eliminatetdéomgrisk
to people and their property from the effects of natural hazards. The purpose of hazard
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http://www.hawaii.edu/ohelo/statutes/HRS174C/HRS174C.html

mitigation is twofold: 1) to protect people and structures from harm akdtruction; and 2) to
minimize the costs of disaster response and recovery. Hazard mitigation planning is thesproce
GKFG Fyl el S aisk fromGatfay dayaids, @d@rdinates available resources, and
implements actions to reducesks.

The Fedral Disaster Management Act of 2000 requires each state and territory to conduct
hazard mitigation planning and to implement projects to reduce hazard impaits o a
disaster occurrence. As of 200dtates are required to have an approved StandardteSta
Mitigation Planin order to receive additional rB-Disaster Mitigation funds for sta or local
mitigation projects. These mitigation plans are also required for-emergency assistance
provided under the Stafford AcfThe Hawaii State Hazard Mitigatid~orum, composed of
county, State,federal agency representativeand private individualsagreed that the Hawaii
State Hazard Mitigation Plan should be a mhéizard plan. For the purposes of the plan, the

0 SN &« VY tiztidudtdimited to discretenatural hazards, and will include anthropogenic
activities that could exacerbate hazard event imgaeind potentially threaten thdife and
safety of the citizens of the State of Hawaii. The goal of the plan is to mitigate the impact of
such potentiatisasters.

The StateMulti-Hazard Mitigation Plan encompassé®e broadest possible scope of disaster
occurrences, focusing on nine natural hazards: hurricanes, tsunami, earthquakes, floods,
volcanic eruptions and lava flow, coastal erosion, landslidesfikgildand drought. Several of
these hazard categories have current advisory boards or task forces that will be developing
recommendations and strategies.

CountyMulti -Hazard MitigationPlans

Hazard mitigation is the use of lotgrm and shoriterm policies, programs, projects, and other
activities to alleviate the death, injury, and property damage that can result from a natural
disaster. County hazard mitigation plans are available for Maui, Hawaii, Kauai, and Honolulu in
order to reduce risks from natal disasters. These plans comply with hazard mitigation
planning requirements to maintain eligibility for funding under Federal Emergency
Management Agency (FEMA) grant programs. The mitigation actions outlined in these plans are
designed to reduce or ishinate losses resulting from natural hazards.

Rather than create separate plaufior each type of hazard, theotnhty Multi- Hazard Mitigation
Pans have been designed as militizard plans. A muttiazard plan has several advantages:

1. Certain hazards cae cascading hazard effects (e.gartequakes may cause
landslides local tsunami, or dam break flooding; hurricanesige wind damage and
flooding)

2. Priorities can be established to allocate limited resources to areas susceptible to the

most severe ofrequent hazards
Areas identified as susceptible to multiple types of risks may require special attention
4. Common responses often apply to different hazards

w
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5. Resources or mitigation measures can be leveraged where they can benefit multiple
hazards; for examp, proposed changes to building design standards could consider
both wind-loading (hurricane) and grourshaking (earthquake).

County Drought MitigationStrategies

Drought mitigation strategiesvere preparedfor each of the four counties 2004with projects
updated in 2012 County Drought Mitigation Strategiesill be updatedthrough a series of
county meetings involving agencies and stakeholders that have a role in drought mitigation and
response. Projects identified through this proces® integrated within the County Hazard
Mitigation Plans, and the strategies developed shall incorporate the necessary coordination
between government agencies and affected stakeholders. County mitigation progeets
implemented through the County/Local DrougBommittees in coordination with the Hawalii
Drought Council and the State Drought Coordinator.

DOA Water Rules and Regulations

The DOA Agricultural Resource Management Division (ARMD), along with the DOA Agribusiness
Development Corporation (ADC) maeageservoirs and irrigation water system$he rules
governing irrigation water service to customers are avail@o f .A y' S

County Water Rules and Regulations
C2NJ SI OK 02 dzy Gva@rither GredulbsiaivdSegulaticdstpertaining to customers
in each water service area. These provide direction, guidance, and procedures for resolution of
LINEOf SYa NBIAFNRAYIA 6F SN aSNBAOSad 9F OK 0O2dzyi
1 Hondulu Board of Water Supplyittp://www.boardofwatersupply.com/abowus/rules
andregulations
1 Kauai Department of Water Supphiip://www.kauaiwater.org/cp rules&regs.asp
1 Maui Department of Water Suppligitp://www.co.maui.hi.us/205/RulesRequlations
1 Hawaii Department of Water Supply:
http://www.hawaiidws.org/3%20about%20water/3d%20rules/Rules%20and%20Regulat
lons%20Effective%20121-04.pdf

Water Conservation Plan

TheHawaii Water Conservation Plsras prepared for the CWRM and United States Army Corps
of Engineers in 2013. The purpose of this plan is to identify and implement water use and
delivery efficiency measures to conserve the fresh water resources of Hawaii. It is intended to
be a guiding dcument for the CWRM as they develop and implement water efficiency
measure that can be implemented across the state by various water user groups. theace
CWRM is not a water purveyor, participation and implementation of the measures outlined in
this plan will be dependent on the participation of water users. This plan primarily focuses on
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http://hdoa.hawaii.gov/arm/irrigation-systems/
http://www.boardofwatersupply.com/about-us/rules-and-regulations
http://www.boardofwatersupply.com/about-us/rules-and-regulations
http://www.kauaiwater.org/cp_rules&regs.asp
http://www.co.maui.hi.us/205/Rules-Regulations
http://www.hawaiidws.org/3%20about%20water/3d%20rules/Rules%20and%20Regulations%20Effective%2010-21-04.pdf
http://www.hawaiidws.org/3%20about%20water/3d%20rules/Rules%20and%20Regulations%20Effective%2010-21-04.pdf
http://files.hawaii.gov/dlnr/cwrm/planning/hwcp2013.pdf

0KS GaRSYFYR aARS¢ YSIadz2NBa 2F ¢l GSNJ dz&aS | yR
implement them.The Hawaii Water Conservation Plan was developed with reptasen from

a variety of water industry professionals and experts from across the state with knowledge or
interest in water efficiency and conservation.

Integrated Wildland Fire Management Plan (IWFMP)

Developed by the U.S. Army of Hawaii, theegrated Wildland Fire Management Plpresents

a comprehensive approach to reduce the frequency of wildfire and the associated costs and
damages. This plan contaidstails on presuppression, fire suppression, pdse actions, and
detailed area desiptions. The goal of this plan is to convey the methods and protocols
necessary to minimize fire frequency, severity, and size in Hawaii.

Community Wildfire Protection Plans (CWPPSs)

CWPPsdeveloped by Hawaii Wildfire Management Organization, are eaatith input from
community members, resource management and firefighting ageneies,a variety of other
parties. Theyare a useful planning tool for communities and have become a prerequisite for
receiving federal funding for wildfire protection projsc These plans help communities identify
and prioritize areas for hazardous fuel reduction treatments. CWPPs assess values at risk
including safety, natural resource protection, recreation, scenic values, and economis. asset
CWPPsare increasingly impodant in Hawaii, which faces unique wildfire threats that are
becoming more challenging due to increasing ignitions, drought episoalesd land use
changes Hawaii Wildfire Management Organization is prioritizing develogimgnmunity
Wildfire Protection Plan$or high priority areas with the vision of eventually covering the
entire State of Hawaii.

Land Fire Protection Law

Chapter 185 of Hawaii Revised Statutes, this law mandates D&tdie Departmenof

Land and Natural Resourdeso a (0l 1S YSIF ada2NBa F2N G§KS LINB@
extinguishment of wildland fires within forest reserves, public hunting areas, wildlife and plant

al yOulhdzr NASas> FyR yIl dzNFt | NBI NBchdpdtaeSmttdé 5[ b v
SaidloftAaKSR O2dzyde FyR FSRSNIYf 3I28SNYYSyid FAl
programs and mutual aid agreements for assistance for the prevention, control, and
extinguishment of fires on forest, grass, brush, and watershedidanot within the

RSLI NIYSYyGdQa FANB LINRPGSOGA2Y NBaLkhdundeA t A GASa
5hC!2Qa C2NBAaUGNEB tNRPANI YAOD

A Blueprint for Action: Water Secity for an Uncertain Future
The Hawaii Fresh Water Initiative was launched in 2013 to bring together diverse parties to
develop strategies to increase water security for the Hawaiian Islands. Organized by Hawaii
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http://www.hawaiiwildfire.org/cwpps/
http://www.hawaiiwildfire.org/cwpps/
http://dlnr.hawaii.gov/forestry/fire/land-fire-protection-law/

Community Foundation, thHawaii Freshwater Blueprinnitiative provides Hawaii policy and
decisionmakers with a set of solutions that should be adopted to help Hawaii reach 100 million
gallons per day in additional, reliable water capacity by 2030. To achieve this goal, three water
strategy areas have been outlined to reach this statewide goal: Conservation, Recharge, and

Reuse.
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https://www.hawaiicommunityfoundation.org/file/cat/Fresh_Water_Blueprint_FINAL_062215_small.pdf

3. OVERVIEW OF DROUGHT IN HAWAII

Drought is a significant problem in the State of Hawaii and drought conditifiest some part

of the State frequentlyl | ¢ I idokat@diland mass as an island cheesults in limited water
resources, makig it highly sensitive to reductions water a\ailability. Growing populations are
LJzG Ay 3 I RRSR LINK &adzNB iBcieasdédivater derhads mayleadStdld & dzLJl
water shortages and stresses to major aquifer systeDreught conditions are compounded by

the lack of adequate water supply inftaucture in certain parts of the Staténcreasing water
consumption and demand can lead to shortages, as water distribution systems in some cases
are neither flexible nor sufficient to accommodate the shortfall without exercising extraordinary
emergency actions and measureslnadequate source development without appropriate
planning for future climatic changes will result in sh@mnd longterm impacts to existing water
resources.

The water supply sector has further pressure from agricultural water sie@tbund the turn of
the 20" century plantation agriculture was booming and an extensive network of plantation
irrigation systems were developed to provide water from the wet windward mountains to the
fertile leeward plains. Plantations started ¢iecline due to various factors in the late twentieth
century with the last plantation shutting down operations in 2016. As plantations claked,
irrigation infrastructure no longer had a steward to amtain and make improvement® the
system Currently, thecapacity to oversee, manage and maintain varies from system to system.
It is especiallycritical when facing droughto invest in the maintenance and rehabilitation of
these systems to support the water needsvafrious agricultural communities. If these systems
fail to provide agriculture waterthe groundwater will be further strained by agricultural uses,
especially in times of drought.

Droughts have been prevalent in the past and will continue to adveegtdygt the environment,
economy and the citizens of the Statelistorical patterns indicate that Hawaii will continue to
suffer damaging droughts, and the Igsstential will only increase athe need for economic
growth and revitalization amplify pressiS & dzLJl2y G KS { G GS ®singt A YA G S
temperatures and reduced precipitation levels due to the added pressure of climate change
have the potential to increase the intensity and frequency of droughts in Hawaii, resulting in
added stress to HawaiQ & ¢ | (i udditignaliy, Jthiredighressure from the loss of upland
forest, degraded sqiland large developed areas with impervious surfattest decreasethe
opportunity for our lands to recharge aquifers and retain critical moisture that cyaek mto
rainfall. Aggressiveplanning, active drought mitigationand the utilization of alternative
resources is necessary. Failure to execute appropriate actions may result in a situation where
future populatiors and economic growth cannot be sustaindde to insufficient quantityand

guality of water resources.hE effective planning and management of water resources is critical

to the longterm sustainability of our island communities.
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3.1 Historical Occurrences

Droughts have been pralent in thepast (See Table )2and precedingpatterns indicate that
Hawaii will contimie to suffer damaging droughtslistorically, droughts in Hawaii have caused
extensive economic damage through crop and livestock losses along with prevalent wildfire
impacts. Examples ofirought impacts include the drought from December 1980 to February
1981 that resulted in over $1.4 million in damages from both agricultural and cattle losses, and
the more recendroughtin 2016that resulted in a fire on thaelopes of Diamond Heazh Odu.

As the risk of climatehange continues to increasélawaii will likely see a rise in extreme
weather conditions.Weather patterns such asl Nifiowill continue to correlate with der wet
seasons, such awith the 2010 drought that causedill four counties to be designated as
Primary Natural Disaster Area®rought mitigation actions, including water conservation
measures and water efficient designs, are a key component to making Hawaii as resilient to
drought as possible in order to reduce future néga impacts.

Year Areas Remarks

1901 North Hawaii Severe drought, destructive forest fires.

1905 Kona, Hawaii Serious drought and forest fires.

1908 Hawaii and Maui | Serious drought.

1912 Kohala, Hawaii Serious drought and severe sugarcane aamage for two years.

1952 Kauai Long, severe dry spell.

1953 Hawaii,Kauai, Water rationing on Maui; water tanks in Kona almeshpty; 867

Maui, and Oahu | head of cattle died; pineapple production on Molokai reduced
30%; rainfall in the islands 40% less thanmal.

1962 Hawaii and Maui | State declarediroughtdisaster for islands of Hawaii and Maui; cro
damage, cattle deathsna severe fire hazardfgssedotaled
$200,000.

1965 Hawaii State water emergency declared; losses totaled $400,000.

1971 Hawaii and Maui | Irrigation and domestic water users sharply curtailed.

1975 Kauai and Oahu | Worst drought for sugar plantations in 15 years.

19771978 | Hawaii and Maui | State declarediroughtdisaster for islands of Hawaii and Maui.

19801981 | Hawaii and Maui | State declarediroughtdisaster; heavy agricultural and cattle less
damages totaling at leastl$4 million.

19831985 | Hawaii El Nifio effect;State declareddrought disaster; crop production
reduced by 80% in Waimea/Kamuela area; $96,000 spent
drought relief projects.

1996 Hawaii,Maui, and | Declared drought emergency; heavy damages to agriculture and

Molokai cattle industries; losses totalj at least $49.4 million.

12
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1998 Hawaii and Maui | State declared drought emergency for Maui; County declared
emergency for Hawaii due to water shortages.

20002002 | Hawaii, Maui, Counties declare drought emergencies; Governor procla

Molokai, Oahu, statewide drought emergency; Secretary of Agriculture designg
Kauai all Counties as primary disaster areas due to drought (2000);
Maui streams at record low levels; Statewide cattle losses al
projected at $9 million.
2003 Hawaii, Maui, Secretary of Agriculture designates all Counties as primary dis{
Molokai, Oahu, areas due to drought (2003); Governor proclaims statewide droy
Kauai emergency.
2006 Maui Maui County designated a Primary Natural Disaster Atea to
drought
2007 Hawaii USDA designates all Hawaii Counties as Primary Natural Dig
Areas due to losses caused by drought.

20082009 | Hawaii DO (Abnormally dry) to D3 (Extreme drougletjvered the entire
state; D3 conditions on Maui, Big Island, and OCaRkQ08 all four
counties aredesignatedas Primary Natural Disaster Areahie to
drought 2009 USDA implements Livestofksaster Assistance
Programs.

2010 Hawaii, Honolulu, | El Nifilodrought conditions causellagfour countiesto be designated
Kauai, andMaui as Primary Natural Disaster Aredue to losses caused by drough
All four counties designated as farm disaster areas due to econ
losses; Hawaii has the worst drought conditions in the country
2010.
2011 Maui, Molokai, USDA implements Livestock Forage Disaster Program.
Lanai
2012 Hawaii, Kauai, Primary Natural Disaster Aredue to droughtdeclared for Maui,
Maui Kauai, and Hawaii Counties
20132014 | Hawaii, Maui Maui and Hawaii Counties Designated Drought Disaster Aheaso
drought
2015 Hawaii Island Hilo and Hawaii Island in moderate drought, receiving less than
fifth the normal average of rainfall at Hilo Airport.
2016 Oahu, Maui, and| Wildfire on the slopes of Diamond Head on Oahu and volunt
Kauai water reductions in certain locations on Maui.

Table2. History of Most Severe Droughts
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Droughts can have profounénvironmental, economi¢ and socialimpacts on the region
affected. Environmental impactsanincludediminished natural stream flovg, depletion ofthe
soil and subsoil moisture, damagyéish and wildlife habitats, andn increasa probability of
wildfires. As for economic impacts, droughts cayatively affecfarmers and ranchers which
might resultin reduced yields andaostlier food pricesBoth environmental and economic
impacts fromdrought can result in ngative social impactscluding anxiety or depression from
economic lossedncreased threats to public safety from wildfires, ahéalth problems fron
reduced clean water supplies.

According to he National Drought Mitigation @é&r (NDMC) drought definitions can be

broken down into two main categoriesonceptual and operaticad. Conceptual definitions are

gengaic in description and generally define the boundaries of a drought concepbceptual

definitions are useful at desting drought but are not specific enough to detect the onset of
drought +y SEIFYLX S 6SAy3 a5NRdAAKG A& | LINERGNI O
OFl dzaS&a SEGSYyaAr @S REYI3AS i dpedatdaldéfimitiomndSdradhti A y 3 A
attempt to identify precise characteristics and thresholds to defilbe onset, severityand

duration of a droughtin a specific situationAlthough conceptual definitions may also be
philosophically important in establishing drought polioperational deinitions aremore useful

in recognizing and planning for drought. The operational definitions of drought, as described by

the NDMC, are summarized bel@md visualized in Figutz

i.  Meteorological Drought
Meteorological drought occurs when there is a prolonged period of below average rainfall that
creates a shortage of water. These measurements are usually the first indicator of drought and
are defined by the degree of dryness when compared to the averagsoomal amount of
precipitation. Meteorological drought is regiespecific since the atmospheric conditions that
result in deficiencies of precipitation are highly variable for each regiee Figure2 for
additional factors that influence meteorologiagought.

ii.  Agricultural Drought
The onset of gricultural drought occurs when there isn't enough soil moisture to meet the
needs of a particular cropr pasturelandat a particular time resulting in reduced crop or grass
growth and productior(See Figur@). Agricultural drought is identified by linking characteristics
of a meteorological drought to agricultural impacts. Assessing the drought susceptibility of
crops depends on weather conditions, the biological characteristics of the plactespehe
stage of growth, pests, and the propertie$ the soil. Agriculture is usually the first economic
sector to be affected by drought.

iii.  Hydrological Drought
Hydrological drought refers to deficiencies in surface and subsurface water supgfiested in
declining surface and ground water levels. This type of drought is usually visible after
meteorological and agricultural drought since it takes longer for precipitation deficiencies to
show up in components of hydrological syste(8ge Figur®). Thereis a time lag between a
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lack of rainfall and the observed decrease of water levels in streams, rivers, lakes, reservoirs,
and aquifers. Hydrological drought is often exacerbated by human activities and changes in land
use and land degradation caffect the magnitude and frequency of hydrological drougfitse

first stage of hydrological drought impacts surface water and can be measured in streamflow
and reseroir levels.The second stage of hydrological drought, extreme hydrological drought,
impacts the groundwater levels and can be measured by aqlefeis.

iv. Socioeconomic Drought
Socioeconomic drought is defined when the supply or demand of a good or service is reduced
or threatened by a shortage in water supply caused by meteorological, udgrid, or
hydrological drought conditions. Growing populations can exacerbate socioeconomic drought
by putting additional pressure on water supplie®ssessments osocioeconomic drought can
be very complex, and possible data sets for considerationdiechwman and animal population
and growth rates; water and feedequirements; agricultural drought impacts; and industry
types and their respective wateequirements.

Natural Climate Variability
I

| |
Precipitation deficiency High temperature, high winds, low
(amount, intensity, timing) relative humidity, greater ©
sunshine, less cloud cover 2 5
| 3,
Reduced infiltration, runoff, [ 23
deep percolation, and Increased evaporation o5
ground water recharge and transpiration g
I |
gl —————= Y ——
o Soil water deficiency ©
i S bt
© T ==
5 . 59
3 Plant water stress, reduced g °
P biomass and yield o
£ <
bl | s moms s maim  f n E—
Reduced streamflow, inflow to §
reservoirs, lakes, and ponds; 'E)E
reduced wetlands, -1
wildlife habitat o0
S
'gp
| b

Economic Impacts | I Social Impacts ” Environmental Impacts

Figure2. Sequence of drought occurrence and impactsdmmmonly accepted drought types. All drought originates from a
deficiency of precipitation or meteorological drought but other types of drought and imgastsade from this deficiency.
Source: Drought Mitigation Center, Univigysof NebraskaLincoln, US.A
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3.3 Drought Impacts

¢CKS AYLIOGa 2F RNRAAKG 2y SYy@ANRYYSyYyd FyR
geographic location and the practices of the land. Understanding the specific impacts of
drought on a region can help provide a better understawgdof the consequenceshichin turn

can aid in preparing for future drought conditionBrought impacts can be both direct or
indirect, and carbe categorized into environmentagéconomic,or social impact categoriess
shown in Figure2. Environmentaldrought impacts refer to the losses incurred as direct or
indirect results of drought, such as wildfire damage to plant and animal spdgiesct and
indirect negative impacts can include degradation of wildlife habitat, air and water quality,
landscapequality, loss of biodiversity, and soil erosidiconomic drought impacts are often
related to agriculture, since the agricultural sector is reliant on rainfall and surface or
groundwater supplies. Losses in crop and livestock production can have dingattsmnon
FIENYSN AyO2YSas oKAOK OlFy OFdzaS | NASotid S 27
issues, which can often be the hardest to measure, can include impacts on public safety, health,
water use conflicts, quality of life issues, and sespatal inequities in the distribution of

impacts and disaster relief. Oftentimes economic and environmental effectsgeaerate

negative social impacts well

O
NS

TheHawaii Drought Pladlescribes three drought impact sectors that are critical to the health
and welfare ofHawaiiin terms ofenvironmental, economic, and sociaspects. These impact
sectors include the Water Supply Sector, the Agriculture and Commerce Sector, and the
Environment,Public Health and Safety Sectdihese sectors are not mutualgxclusive and
impacts in one sector may result in secondary or cumulative impacts in gtaprs. It is
important to note thateach of the impact sectonsill be furtherimpactedby climate change,
whichwill be further discussed ineStion 3.4.

3.3.1 Water Supply Sector

The Water Supply Sector encompasses public/private urban and rural drinking water systems,
agriculture water systemsand rainwater catchment systemsSince the availability of
freshwater is crucial to human survival in both direct and ctiways, minimizing the impact

2F RNRBAAKG G2 116 AAQa FNBAK ¢ G§SNJ adzJ) ASa A

3.3.1.1 Description of Sector

A public water system (PWS) is defined by the EPA as a system that provides water to the public
for human consumption through pipes or other constructed conveyances. To be considered a
PWS, the system musiupport at least fifteerserviceconnectionsor regularly serveat least
twenty-five individuals.Across the four counties of Hawaii, there &2public water systems
administered by the County Water Departmenig private water systems, antil military
systems Most of the systems are supplied by growater sources, but there are al§csurface
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water systems and four catchment water systetinat are considered public water systems by
the Department oHealth.

| g AAQE f2y3 KAAG2NER 2F LIXFyalradAazy F 3INRKROdz G
agicultural irrigation systems that were constructed in the laté"Ehd early 2& centuryon all

YIEAY |1 FéglFAAlLY LatlryRad ¢KSaAaS ANNAIFGAZ2Y a&aeéald
prodigious demand for water. No sugar plantations existay but remnants of the irrigation

systems still exist and some continue to serve agricultanal otherneeds. There were over 20

major irrigation systems constructed and many are in need of rehabilitation. Some of these
agricultural irrigation systems are extrergebulnerable to drought due their dilapidatemhd
inefficientconditions.

3.3.2 Agriculture and Commerce Sector

The AgricultureSector experiences severe negative drought impacts due to the dependence
upon both surface water and rainfall. Rainfall shortag@uced impacts are often exacerbated

by the limits placed on groundater pumpingor reduced natural stream flowduring drought
periods. A persistent rainfall shortage and the resultant lack of soil moisture can result in
reduced ground cover and lower agritural crop yields. Reduced ground coasd pasturecan
resultin the reduction of livestock herd sizes and is also associated with increased incidence of
erosion.Drought impactgo the agriculture sector are highly dependent on whether or not the
cropsare irrigated since wirrigated pasture, orchards, or other fields are most vulnerable to
droughts. Irrigated agricultural areas become more vulnerable when waippl®s become
more threatened.Commerce sectors such as tourism will also experience tivegdrought
impacts since tourism directly depends on healthy, thriving Hawaiian ecosystems. Future
aGdzRASa NS ySSRSR (2 ljddydrFe GKS SEGSyargs
hospitality, and retail sectors.

3.3.2.1 Description of Sector

Hawaiihas a long history of agriculturérom the first Polynesian settlers brimg taro to the

first Europeansintroducingg Sa 4 SNy ONRLJA (KIF G ¢ 2 dzSdverall KeNA @S A
LI2AYyGa AY KA&G2NE YIN] G§KS 0 S Iagrigukug AcivitiesT | | & |
The Parker Ranch had its beginnings in 1809, when John Palmer Parker began domesticating
wild cattle and horses on the Island of Hawaii. The first successful sugarcane plantation began in
1835 at Koloa, Kauai. The first documeahfgantings of pineapple in Hawaii took place in 1813,

and in 1882 pineapple was commercially canned in Kona.

lF6FAAQa fFYR dz&a8 Kra 23Sy RNIYFGAO aKATFGE Ay

has dropped by almost sixty percertccordingto the Statewide Agricultural Land Use Baseline
2015 in 1980 Hawaii had 350,830 acres in cropland and 1.1 million acres in pastusdicke

17 Hawaii Drought Plan 2017



have dropped considerapto 151,830 acres in cropland af®0,430 acres in pastureland as of

2015. These changehave occurred as sugar cane plantations and pineapple plantations have
gradually been phased out. 2016 has marked the endl &S & dza | NJ Ay Rdza i1 NBE Qa S
the shutting down of the Hawaiian Commercial and Sugar Company on Maui.

The changes in | ¢ AA Q& | IAINDDOgz GdeNil2t 03SSOaRANFY o6& 02
Agricultural Land Utilization 1937 map (See Fi@d)rehe 1980 Land Utilization map (See Figure

4), and the most recent 2015and Utilizatiormap (See Figur®). These extensive lanchanges

have resulted ira number ofnew smaller farmers and operators who need to be engaged in

drought mitigation/ £ A Y 0 S OKFy3S gAftt | f afd@ureisiyice fedizSegd OS | |
levels of precipitation, higher temperatures, and increasezdents of severe weather have the

ability to substantially alter crop yields.

CROP TYPES
FRUITS/AVOCADO 1,100

ACRES

°
® DIVERSIFIED CROP 4,615
e MacapAamIA NUTS 817
O  PapAvA 360
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CROP TYPES ACRES

PASTURE 1,108,300

B CoFFeE 2,792

Bl MACADAMIA NUTS 14,340

B DiversIFIED CROP 7,489

0 DARY 4,397

Bl SuGAR 255,784

TROPICAL FRUITS 3,049

ICROP TYPES ACRES PINEAPPLE 44,858

PAPAYA 12,288 [l TARO 718

I AQUACULTURE 604 [0 FLOWERS | FOLIAGE | 3,227
BANANA 1,287 LANDSCAPE

B UNIVERSITY

of HAWAT: g HAWAI‘’’'S AGRICULTURAL LAND UTILIZATION (1980)

(4 SDAV
HILO ¥ v SOURCE: DEPARTMENT OF AGRICULTURE AND STATE OFFICE OF PLANNING
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CROP TYPES
[ ] PASTURE 761,429
B Corree 10,149
Bl MACADAMIA NUTS 21,545
B DiVERSIFIED CROP 16,904
= I DARY 1,855
J|CROP TYPES ACRES W SUGAR 38,810
PAPAYA 2,824 TROPICAL FRUITS 3,980
I AQUACULTURE 651 PINEAPPLE 4,508
BANANA 969 M TARO 612
B SEED PRODUCTION 23,728 [ FLOWERS | FOLIAGE / 2,432
P COMMERCIAL FORESTRY 22,864 LANDSCAPE

M\ UNIVERSITY

‘Hito (Bseav  HAWAIT AGRICULTURAL LAND UTILIZATION (2015)
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Hawaii is known for ideal temperatures, rugged landscapes, waterfalls, tropical landscapes, and
beautiful beachesThe Island of Maui was named as #ktBest Summer Vacatiddpot by U.S.

News Travel in 2015, Kauai ranké2ifor best beaches, Hawaii Island was"¥dr best islands,

and Honolulu ranked afifth for best family vacations. According to Hawaii Tourism Authority,

8.3 million visitors came to Hawaii in 2014 wittperditures at $14.7 billionTourism is reliant
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potential hazards.

3.3.3 Environment, Public Health, and Safety Sector

The Environment, Public Health, and Safety Seawi@nly focuseson the increased incidence of

wildfires due to drought conditiond. yy dz f t 8 X nop> 2F |6 AAQa G2
wildfires, which in averageggreater than the proportion of lanturned inthe 12westernUS

states An increase of norative, fireprone grasses and shrubs and a warminggrdelimate are
AYONBIFaAAY3I || gl AAQavidfresBit dnlyyeddange? FumanAlivemR theh NS & ©
wildlandurbaninterface, they also affect infrastructure, drinking water, agricultural production,

cultural resources, native foresttireatened and endangered speciegsatersheds, and coral

reefs.

The environmental impacts of drought conditions aaéso an important component of this
sector.Stressed water supplies exacerbate already vulnerable island ecosystems and can result
in impacts to wildlife habitats, water quality, land qualityipdiversity, andcan contribute to
erosion.

3.3.3.1 Description of Sector

The Environrant, Public Health andafety Sectd® @grimary concern ighe vulnerability of
human settlements to wildland fireDrought is one of many factors contributing to the
complexity of more frequent forest fires, but other factors include wildland fuels, overded
tree stands, and the overgrowth of brusimd grasses mixing with urban fuels in the wildland
urban interface.

There are multiple primary and secondary impacts of wildfil@eep slope areas become
potential hazard areas for debris, mud, and rdickvs during periods of torrential rains. During
intense wildland fire, bhvegetation may be destroyed arde organic material in the soil may

be burned away or may decompose into watepellent substances that prevent water from
percolating through thesoil. As a result, even normal rainfall may result in unusual erosion or
flooding below a burned area, and heavy rain can produce destructive debris flows. Water
supplies are also affected by fire: the loss of ground and surface cover, such as needles and
small branches, and the chemical transformation of burned soils hinder the watershed recharge
rate, especially during heavy rainfall events. Drought and subsequent wildland fires can have
indirect impacts to nearshore waters and coral reef ecosystemssidraand sediment from
burned and denuded watersheds during post drought conditions (i.e., intense rainfall events)
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can resultin polluted runoff into streamsandendup on our coralreefs.

The State Division of Forestry and Wildlige statutorily mandated by the Land Fire Protection
Law, Chapter 185, Hawaii Revised Statutesthe primary responder for wildfires on lands
managed by DOFAYWhich accounts for 26% of the land statewidBOFAW coesponds with
county fire departmentsand federal agencies to an additional 31% which is dictated by mutual
aid agreements and memoranda afgreement orunderstanding.All in all, DOFAW is
responsible for fire response for nearly 60% of landHawaii Risk reduction program
(including prevetion and mitigation measurgsalong withpostfire restoration and recovery
projects are also implemented by DOFA¥éwaii Wildfire Management Organizan alsohelps
prevent wildfires and mitigate impacts through a proactive approach of education, otitreac
project implementation, and research. The map (See Figure 6) beksvcreated by Hawaii
Wildfire Management Organization to help track the occurrence of wildfires throughout the
state.

Figure6. Wildfire Incidents for the @4ain Hawaiian Islands, 2014. Created by Hawaii Wildfire Management Organization.

3.3.4 Impacts to Traditional and Customary Rights and Practices in Hawalii
Traditional and customary rights and practices in Hawaii (T&C rights) are defined as those
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