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Abstract  

 The availability of water resources is a growing concern throughout the world as more 

populations experience severe water shortages. Restoration ecology seeks to repair damage 

done to ecosystems through anthropogenic actions and climate change, making it a possible 

long-term solution and adaptive strategy to water shortages. This paper explores the practice of 

restoration ecology to assess its ability to help people adapt to a future with water challenges. 

Research revealed that restoration ecology can be used to better prepare people for a future 

with water shortages. By adopting the Society for Ecological Restoration Australasia’s National 

Restoration Standards, the efficiency of all types of restoration, including vital aquatic resource 

restoration, can be improved. The Standards could also help to redefine international 

restoration legally and be a basis for global standards. Emphasizing climate change adaptation 

through restoration in Tacoma water management documents would result in bold, proactive, 

cohesive and adaptive water management locally. Finally, collaboration between the Society for 

Ecological Restoration and the University of Washington Tacoma would connect students and 

faculty to a global network, and resources necessary to research, design and implement the 

most effective restoration techniques possible for an uncertain future with water challenges. 
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Introduction 

 News of Cape Town, South Africa’s severe water shortage has dominated media this 

year. A multi-year drought has finally reached a critical level with nearly four million people 

facing a dry water supply (Onishi and Sengupta 2018). Closer to home, frequent water 

shortages throughout the western United States are expected to increase, and water managers 

are struggling to find and maintain dependable water sources (Aguilar-Barajas et al. 2016). 

Increasing populations, habitat destruction, diminishing freshwater sources and fluctuations 

within the hydrologic cycle threaten human life by impacting health, food security, and 

increasing the potential for conflict.  

 Technological solutions to water shortages, like desalination, are on the rise. 

Technology-based solutions are important, and at times necessary, given the urgency of current 

water challenges. However, technological solutions can be used to justify continued ecologically 

harmful actions, like fossil fuel use, because of the belief that technology can fix any problem. 

To break away from the status quo, the objective of this research was to explore the practice of 

a non-technological strategy, restoration ecology, to assess its role in helping people adapt to a 

future with water shortages. To do this, restoration ecology, climate, and water management, 

on their own and in relation to each other, were thoroughly studied. A secondary objective was 

to specifically identify local and global actions that could strengthen preparedness on multiple 

levels. This paper seeks to argue that restoration ecology can be used to better prepare people 

for a future with water shortages, and that the practice can be utilized locally and globally most 

effectively: 
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▪ if the Society for Ecological Restoration Australasia’s National Restoration 

Standards were adopted on various levels, including nationally, regionally, or 

locally. 

▪ if climate change adaptation through restoration was emphasized in Tacoma’s 

water management plans.  

▪ if the University of Washington Tacoma collaborated with the Society for 

Ecological Restoration.  

 This paper provides an interdisciplinary evaluation of, and actionable approach to, water 

challenges by first discussing the background literature to provide a foundation for 

understanding ecological restoration, climate change, and adaptive water management. It 

focuses on the overall role of restoration in helping people adapt to a future with water 

shortages, while considering the interactions between restoration, climate, and water 

management throughout. The paper also briefly describes research methodology, then 

discusses analyses and concludes with a synthesis of all recommendations.  

 

Background  

 Ecological restoration is a tool for adaptive change because of its interconnected, global 

nature. It is relevant because it considers not only varying environments, but also differences 

between people, economies and cultures. This is notwithstanding some challenges within the 

field. Climate change is global as well, and the connection between water and climate is vital to 

understanding the current state of the water shortage crisis. Water management is also 



7 
 

important to consider because it dictates the use of available water resources, and how those 

resources are maintained for future generations.      

Ecological Restoration 

 The practice of ecological restoration can be defined, at its simplest, as ‘the process of 

assisting the recovery of an ecosystem that has been degraded, damaged or destroyed’ 

(Akhtar-Khavari, Cliquet and Telesetsky 2017; SER International Science and Policy Working 

Group 2004). The concept of restoring degraded environments in general is not new. However, 

peer-reviewed articles discussing restoration ecology have become more prominent only within 

the last couple of decades (Clary, Petersen and Young 2005). Ecological restoration stands out 

as a potentially powerful unifier for adaptive change because of its interconnected, global 

nature.   

 At its core, ecological restoration emphasizes the interconnectedness of all things. Aldo 

Leopold, an ecological scholar, has repeatedly described the significance of copious integrated 

parts within ecosystems (Leopold 1949). The complexity of relationships within ecosystems 

exposes the possibility of widespread system failure in the event of significant harm to a 

constituent part. Within the restoration ecology practice, the complexities of ecosystems are 

central to operations and varied elements such as composition, development, ecosystem 

context, security, resiliency, sustainability, and stewardship are all considered.   

 The Society for Ecological Restoration (SER) is a transnational organization made up of 

restoration professionals who work to gather knowledge and perspectives from around the 

world to connect and inform the global community while promoting the practice and science of 

ecological restoration (SER 2017). In Ecological Restoration in International Environmental Law, 
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the authors note the truly global nature of restoration evident in the thousands of people they 

came across who were working to repair ecosystems in an attempt to gain disappearing 

ecological values that have been damaged through anthropogenic means (Akhtar-Khavari, 

Cliquet and Telesetsky 2017). As varied as the numerous restoration projects are, there seems 

to be a common ability of ecological restoration to reconnect all kinds of communities with 

each other, as well as with the environment itself. Restoration is not merely a scientific 

discipline, either. It is even referred to as an ‘art and a science’ (Apostol and Sinclair 2006). Each 

project is customized to its location, and each project requires utilization of knowledge from 

social sciences and input from communities. The practice of ecological restoration considers not 

only varying environments, but also social influences such as economy and culture. It provides a 

means of conquering todays greatest ecological issues, while taking into account the 

differences among people and nations. 

 Some researchers argue that there is an international responsibility for states to 

conduct restoration activities. They point to innovative restoration standards introduced in 

2016 by the Society for Ecological Restoration Australia (SERA) and suggest that the standards 

could eventually redefine restoration in environmental law (Akhtar-Khavari, Cliquet and 

Telesetsky 2017). The SERA is a branch of the Society for Ecological Restoration’s international 

organization. The SERA branch has been globally recognized for their new national standards 

for restoration, which were implemented by the Australian government. This brings us to the 

need to redefine restoration. 

 The changing climate is often a topic of hot debate within the restoration community 

because of the complications it creates in defining restoration ecology. Paddy Woodworth, a 
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veteran journalist, spent years investigating ecological restoration efforts by conducting 

interviews and visiting restoration sites around the world. He has described various accounts 

where the relatively new formation of principles within the restoration movement were 

challenged due to the consequences of climate change (Woodworth 2015). Riley, an Executive 

Director at the Waterways Restoration Institute and Advisor of Watershed and Stream 

Protection/Restoration at the San Francisco Regional Water Quality Control Board, discusses 

the more traditional definitions of restoration ecology. When discussing the ability of the 

ecological restoration movement to repair not only ecosystems but also communities and 

relationships to the environment, she mentions the traditional view in the field that involves 

returning systems back to a ‘historical reference point’ (Riley 2016). The purpose of a historical 

reference point is to attempt to match the repair of a degraded ecosystem with that of the 

trajectory of the original ecosystem, before disturbance occurred (Clewell, Aronson and 

Winterhalder 2004). It is the ‘historical’ aspect of the traditional definition that is commonly 

challenged today as climate change alters the trajectories of ecosystems.  

 Additionally, regarding the use of restoration legally, mitigation and restoration are 

often considered synonymous. However, mitigation is frequently used to compensate for 

perceived environmental harm that is associated with development rather than assist in the 

recovery of an ecosystem (Apostol and Sinclair 2006). The most current definitions have been 

broadened in an attempt to quell disputes, but there have been other suggestions that 

approach the definition problem in a different way. Palmer and Ruhl suggest attaching clarifiers 

that identify the relationships and/or differences between specific practices and traditional 

ecological restoration. They provide examples such as ‘mitigation’, ‘endangered species’, 
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‘ecosystem services,’ and ‘climate resilience restoration’ as replacements for the all-

encompassing term ‘restoration’ (Palmer and Ruhl 2015). The authors help to further explain 

the importance of solving the definition issues. Some projects that are labeled as restoration 

projects, because there is no clear legal definition for restoration in the United States, may not 

repair entire complex ecosystems (Palmer and Ruhl 2015). In other words, existing definitions 

decrease the effectiveness of ecological restoration because they often do not consider the 

important principles of restoration ecology, such as functionality and self-sustainability.  

Climate Change 

 It is now widely understood that global climate change is caused by increasing amounts 

of carbon dioxide in the atmosphere, which is facilitated by human use of fossil fuels. The 

Intergovernmental Panel for Climate Change has reported that not only are there various 

changes in the climate that can be identified now, but that those and much worse are expected 

in the future unless big changes are made to curb anthropogenic atmospheric carbon dioxide 

contributions (IPCC 2007). Correspondingly, in the spring of 2016, the United Nations 

Environment Programme (UNEP) reported that over 60% of the categories under ‘ecosystem 

services’ are currently in decline, and the negative effects of the deteriorating environment on 

human health contribute to 23% of all deaths on the planet (UNEP 2016). Ecosystem services 

are essentially the goods and services that the environment provides, and includes things like 

food production, water production, and climate control.  

 Climate change influences water availability in a multitude of ways and most ecosystem 

services rely heavily on the availability of water, which is threatened even at its source. In 2016, 

an entire drainage basin was shifted (called river piracy) as the result of climate-driven glacier 
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retreat (Shugar et al. 2017). The link between climate change and temperature increases has 

been well established. Warming temperatures can lead to an increase in precipitation. 

However, that precipitation falls as rain instead of snow, and high temperatures also result in 

increased drying of the land in some places, earlier snowmelt in others, changes in evaporation 

and transpiration, and profound changes in runoff and stream flow (see Appendix A, Fig. 1) 

(Graham, Parkinson and Chahine 2010). Consequently, food security is threatened by 

agricultural drought, access to drinking water is extremely unreliable and ecosystems are 

damaged or destroyed. Degraded environments then contribute to further increases in carbon 

dioxide build up in the atmosphere because those that might typically sequester carbon, like 

forests or wetlands, no longer function for their ecosystem services (Pearce and Moran 1994). 

There have been efforts to research the potential of river piracy, as well as quantify the value 

that freshwater (and other) systems have in terms of ecosystem services, generally for their 

protection. Still, the declining health of the earth is an indication that current operations are 

not working. 

Water Management 

 Therefore, managing water resources is one of the most vital elements of water 

availability for people and ecosystems today. Water management can be thought of as 

management of water resource systems that are “combinations of constructed water control 

facilities and natural, or environmental elements” (Grigg 2005). Additionally, sustainable water 

management could be defined by including water structures that not only support ecosystem 

functions, but also meet the needs of society over generations (Poff et al. 2015).  
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 Adaptation to climate change brings a breadth of concerns to mind. There are 

ecological, organismal and societal fears associated with the consequences of anthropogenic 

climate change, and a recognition that a failure to adapt on any of those levels could result in 

an equally wide range of costs (IPCC 2007). Adapting to climate change and water challenges 

may be accomplished through adaptive management, in addition to water management. 

Adaptive management, or the process where decision-makers act given some ambiguity 

regarding the future (Panel on Adaptive Management for Resource Stewardship 2004), 

intersects water management to form adaptive water management. Adaptive water 

management, then, can be described as a process where water institutions act given 

uncertainties, ‘through governance systems that are flexible and dynamic’ (Pahl-Wostl 2006; 

Wilder et al. 2010). This is important when considering the role of restoration in future water 

adaptation because, for people to best prepare for shortages, water must be managed in a 

sustainable and adaptable way, and that would logically include practices that move to protect 

or repair valuable water resources.   

    

Methodology 

 A critical literature review was conducted, over the period of one year, to assess the role 

of restoration ecology for use as part of an adaptive water shortage strategy with local and 

global implications. Small-scale textual analyses were performed on specified documents, and 

conferences and symposiums were attended to augment research and help identify the most 

current research for water management and ecological restoration. Following exploration into 

the basics of restoration, climate, and water management, specific themes for more thorough 
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analyses were identified. Those topics are organized below, and their individual methodology is 

described.   

  Research was largely focused on investigating ecological restoration overall because, to 

best answer the question of role of restoration in preparation for changes to water availability 

in the future, the complexities of ecological restoration on all levels must be considered now. 

Ecological restoration was further explored by looking into how it connects directly with water 

resources. The Water Management Conference hosted by the American Water Works 

Association and the Ecological Restoration Symposium, Restoration in a Changing Climate: 

Adapting Practices to Meet Long-Term Goals, were attended to identify current topics or ideas 

that could help answer the research questions. Next, the National Restoration Standards 

developed by the SERA were critically reviewed. The purpose of further study into the 

Standards is their potential to standardize restorative efforts not only nationally in Australia, 

but also here in the U.S. and ideally, on the global front eventually. It seemed imperative to 

assess how the Standards deal with the challenges of defining restoration, in addition to how or 

if they discuss adaptive management and climate. The Standards were not expected to address 

water resources specifically but were examined thoroughly for all related topics regardless. 

How the document addressed these topics helped to comprehend how effective they would be 

in the face of drastic water shortages.     

 Additionally, the presence of the Society for Ecological Restoration was further 

examined. Specifically, the regional and local distributions of the organization were considered. 

The purpose of further examination of the international group was to establish the type of 

involvement carried out by a leading restoration organization because, when thinking about 
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actionable water shortage solutions and restoration, the leading organization is essentially 

responsible for the distribution of knowledge, practices and resources. While the presence of 

the organization globally is important, it is out of the scope of this project, and an evaluation of 

activities more locally would help create a foundation for later global comparisons. A more 

regional and local view of the SER would reveal where the Northwest and Tacoma fit into global 

restoration efforts. The relationship between the SER and the University of Washington was 

specifically explored, including an analysis of current restoration programs, for the same 

reasons. It is important to understand how academic institutions are involved in restoration 

efforts, and how or if they fit more broadly, into the global arena.  

 While general climate and water considerations were discussed in the background 

section and are undeniably important, there is a need to more closely examine climate 

variation and water sources in the Pacific Northwest as well as Tacoma, Washington for this 

study because the secondary objective of research was to connect global problems and local 

actions. To do this, electronic databases were used in conjunction with critical literature review 

methodology to locate materials related to the desired regional climate projections. Similar 

methods were used to identify water sources and availability for the city of Tacoma and 

neighboring areas.   

 While Tacoma, nestled in the Northwest, might not be considered a location of great 

concern when it comes to water availability, it could still be important to have adaptive water 

management strategies in place for future generations. Therefore, as part of the local action 

aspect of research, it seemed beneficial to study the city of Tacoma’s water management plans. 

Studying the water management plans serves as a case study because it will also reveal the role 
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of restoration in preparing for or dealing with water challenges. Tacoma Water has produced 

an array of documents for the City of Tacoma pertaining to water resource management. The 

Water System Plan, Green River Watershed Management Plan, and Green River Habitat 

Conservation Plan were reviewed for restorative and adaptive measures regarding water 

availability and use because they were identified as the most relevant documents. 

 Due to the extensive density of the water management documents, ranging in page 

length from 12 to over 700, a textual analysis was most effective in examining the material. 

Language in the documents was evaluated to determine their use of specified terms. The terms 

(restore/restoration, climate/climate change, adapt/adaptation), were chosen based on their 

relevance to the research themes (restoration, climate, water management). Thus, 

distinguishing the use and distribution of terms within the documents would ultimately reveal 

the role of restoration in water management in Tacoma now, as well as in the future.   

  

Analysis 

Ecological Restoration  

 On separate occasions, presenters at both the Water Management Conference and 

Ecological Restoration Symposium in Seattle, Washington discussed some of the current 

methods in ecological restoration that deal with repairing water resources. The Water 

Management Conference brought professionals from around the country to discuss sustainable 

water management strategies. At this conference, restoration was not a common topic but was 

discussed occasionally in terms of source water protection and watershed health. Overall, 

restoration was discussed sparingly. The Water Management Conference presenters were 
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attentive to drought prediction and warning systems, integrated management, climate 

resiliency, and current successes or challenges to water management. Conversely, the 

Ecological Restoration Symposium was designed to introduce local restoration projects that 

specifically highlight issues in restoration and climate adaptation. In general, presenters at this 

event focused on discussing changes in restoration implementation in the face of a changing 

climate. The one element that was generally missing was freshwater. However, there were 

other resources that consider freshwater restorations more directly.  

 The literature on freshwater restorations is quite varied. For example, restoration is 

frequently used to improve the conditions of freshwater streams, rivers and lakes. Repair of 

riparian and aquatic habitats can improve water quality, enhance ecosystem function and in the 

setting of urban stream restoration, replace a resource that connects people to each other and 

the environment (Riley 2016). Additionally, ecological restoration plays a role in the hydrologic 

cycle in that it can encourage water catchment and soil fertility. For example, in locations 

where evaporation and transpiration are higher than that of precipitation (e.g. deserts), 

restoration can result in ecosystems that are more resilient, productive, and better able to 

supply dependable water resources (Abella et al. 2011). Similarly, in locations where water 

retention is a problem and excessive invasive species are present, ecological restoration would 

replace invasive plants with native plants that require less water because native species are 

often well adapted to the conditions.  

 Clearly, ecological restoration can improve water conditions. While the Water 

Management Conference only briefly mentioned ecological restoration, some speakers and 

practitioners did stress the importance of source water protection and watershed health. Both 
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watershed health and protection of water sources can (and should) involve ecological 

restoration. Therefore, restoration can be used to protect the health of water sources and 

watersheds, while also improving elements like water quality, ecosystem function, water 

storage, soil health, etc. Interestingly, even though there is documented scientific proof that 

ecological restoration can help with water challenges, there are widespread inconsistencies in 

discussions, documentation and programs regarding the interconnectedness between the big 

three: restoration, climate change and water management (or the restoration-climate-water 

nexus). The Water Management Conference did not prioritize restoration but drought, water 

management and climate were prioritized. While those are important topics, ecological 

restoration is clearly deeply connected to each, and so should also be prioritized. Similarly, the 

Ecological Restoration Symposium ranked restoration and climate adaptation highly, but the 

link between them and water resources (or management) was not clearly established. 

Following research into the types of aquatic restoration, the National Restoration Standards 

were studied and analyzed.                 

 The Society for Ecological Restoration Australasia released the National Restoration 

Standards with the goal to encourage all types of restoration projects throughout Australia 

(SERA 2017). In justifying the need for restoration Standards, the SERA pointed out the growing 

support and use of restoration in Australia and the difficulties that go along with a lack of 

standard definitions and principles (Standards Reference Group 2017). As part of an attempt to 

smooth out some of these issues, in addition to the upfront definitions presented in the 

opening of the Standards, the SERA also outlines the values of ecological restoration and the 

basics necessary to design, implement and monitor project development (Appendix B, Fig. 1-4 



18 
 

include examples of values, principles, and progress assessments). The SERA describes the 

design of the Standards as ‘generic’ and ‘compatible’ so that they can be used in conjunction 

with more specific or existing strategies (Standards Reference Group 2017). Even while 

remaining broad in some guidelines and definitions, the Standards tackle issues related to 

climate change, adaptive processes, and push the use of adaptive management specifically 

when designing restoration projects. 

 The Standards classify ecological restoration using the definition provided by the SER: 

‘the process of assisting the recovery of an ecosystem that has been degraded, damaged or 

destroyed’ (SER International Science and Policy Working Group 2004; Standards Reference 

Group 2017). It distinguishes between full ecosystem recovery, partial recovery, and 

rehabilitation. Classifications for type of restoration depends on whether the ecosystem is 

repaired entirely (full), repaired partially but without all function (partial), or minimally 

recovered native plant life, animal life, or ecosystem function (rehabilitation) (Standards 

Reference Group 2017). While the goal for restoration is the highest level of ecosystem 

recovery possible, the document includes best practices for cases where there is irreversible 

environmental degradation. In the face of increasing rates of climate change, there will be 

whole ecosystems destroyed when there is no way for migration to occur due to fragmentation 

of ecosystems, such as the case with many aquatic and temperate ecosystems. Some species 

may survive or adapt if they are not restricted by fragmentation and are able to migrate or 

adapt genetically (Standards Reference Group 2017). The Standards suggest restoration 

modifications that could help species adapt as well. The document discusses adaptation further 

under adaptive management considerations. 
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 Adaptive management in the National Restoration Standards is clearly valued and 

includes an emphasis on ecosystem monitoring. The SERA claims that “adaptive management 

can and should be a standard approach for any ecological restoration project irrespective of 

how well-funded that project may be”, and monitoring is a way to learn from restorative 

actions so that future actions can be adapted or improved (Standards Reference Group 2017). 

In conjunction with adaptive management strategies, the national document addresses ways in 

which practitioners can incorporate climate considerations early in the restoration planning 

stage. The SERA encourages the use of climate predictions to identify how climate change may 

affect ecosystems, using web-based tools for example, and suggest coordination with 

researchers for the best possible predictions of species responses to climate change and 

fragmentation (Standards Reference Group 2017). The National Restoration Standards provide 

numerous examples of the adaptive strategies possible during ecological restoration. Some 

believe there are global implications for these adaptive strategies if restoration efforts are 

organized through a governance structure, such as the law (Akhtar-Khavari, Cliquet and 

Telesetsky 2017). The Standards have specifically been identified as potentially significant on a 

larger scale, or outside of Australia, because of their ability to standardize best practices for 

restoration. Therefore, it is possible that defining standards could lead to redefining restoration 

for legal purposes, and subsequently help to “negotiate and implement rules to create a 

positive legal trajectory for progress towards long-term ecological restoration outcomes” 

(Akhtar-Khavari, Cliquet and Telesetsky 2017). However, the document did not specifically 

address aquatic restoration or water resources.  
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 The role of water resources within the National Restoration Standards was not 

prominent, but the value in the Standards comes more from their ability to circulate a practice 

that improves the condition of aquatic environments. Clearly, the SERA took care to define 

ecological restoration through significant guidelines, definitions, and management strategies. 

The organizational branch chose to separate ecological restoration into ‘restoration’ and sub-

restoration categories. Some legitimacy may be lost when the term ‘restoration’ is dropped 

because it carries so much meaning (interconnectedness, stewardship, community 

engagement). Additionally, partial recovery and rehabilitation are broad distinctions (as they 

were meant to be), that do not provide as much clarity in terms of identifying the relationships 

between specific practices as using terms like ‘mitigation restoration’ or ‘climate resilience 

restoration’ might. Still, the National Restoration Standards can regulate restoration on various 

levels by providing standardized definitions to nations, cities and townships. Circulating the 

document on a grand scale would improve the water situation further by distributing an official 

document that fully considers climate and adaptive management. After exploring the Standards 

and discovering how they address issues with definitions, climate, and adaptive management 

the presence of the SER in the Northwest was studied.  

 The Society for Ecological Restoration has an active Northwest chapter that, among 

many things, works to further develop ecological restoration through ‘technical education, 

training, and knowledge’ (Akhtar-Khavari, Cliquet and Telesetsky 2017).  The SER-NW chapter 

sponsors conferences and other means of information sharing throughout the region. The SER 

offers a Student Association Program that currently includes student groups in the U.S. and 

Canada and aims to gather those interested in ecological restoration and provide them 
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resources, as well as involve them in conferences, events, and ‘in SER’s global network’ (SER 

2018). The UW’s Seattle campus is a part of the program with 25 registered members, but the 

University’s Tacoma campus is not. There are about 22 registered student organizations at 

different universities and colleges. The registration process involves filling out an information 

packet online and paying an annual fee, and in return the student association is officially 

recognized by the SER in addition to benefits like free Society memberships, subscriptions, and 

networking benefits (SER 2018). Associated with ecological restoration but not the SER, the 

University of Washington (UW) has an ecological restoration program, the University of 

Washington Restoration Ecology Network (UW-REN), that is a tri-campus program in which 

students work through all the phases of a restoration to earn a Restoration Ecology certificate 

(Akhtar-Khavari, Cliquet and Telesetsky 2017; University of Washington Tacoma 2018).  

 The Northwest Chapter of the SER was examined because it would help to establish the 

type of involvement carried out locally by an organization that has clear international 

involvement. There is clearly a need to more fully engage organizations like the SER in academic 

and legal settings since ecological restoration has quickly exceeded existing instructive and 

policy development (Apostol and Sinclair 2006). The results show that the Northwest branch 

provides a variety of resources, opportunities, and certifications to members and students in 

the region that could potentially be used to further the study of aquatic or climate resilient 

restoration. After thoroughly studying ecological restoration through conferences, the 

Standards, and the SER, focus was turned to climate considerations.    
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Climate Change 

 The Pacific Northwest is not always in excess of fresh water, contrary to popular belief. 

In 2015 a drought that began in California a few years earlier spread throughout the West Coast 

to include Washington and Oregon, resulting in emergency conservation efforts (Wise 2016). 

Around the same time this severe drought was coming to a pinnacle, Tacoma Power requested 

a report from the Climate Impacts Group. The report was meant to show the impacts of climate 

change on hydropower sources for the area and included temperature, distribution, and energy 

projections for the future (Lee, Mauger and Whitely 2015). The projections were prepared for 

climatic and hydrologic conditions expected for the 2030s. Study findings revealed average 

annual temperatures for Tacoma are expected to rise between 2.8 – 3.3°F, and increasing 

temperatures are expected to result in more rain during the winter, decreased snow 

accumulation, and ultimately less available water in the summer because of less snowmelt to 

contribute to flows (Lee, Mauger and Whitely 2015). Additionally, the Columbia River, which 

produces between 70 and 80% of the Pacific Northwest’s (USBR 2011a), and more than 50% of 

Tacoma’s energy supply annually, is also expected to experience impacts on hydropower 

energy production given changes in temperatures, snowfall and streamflow (Lee, Mauger and 

Whitely 2015). 

 Much of the drinking water for Puget Sound originates from rivers coming down from 

the Cascades. Reservoirs are found along the rivers that store water from snowmelt in the 

spring that is used throughout the summer and fall for ‘municipal and environmental’ purposes 

(Palmer, Polebitski and Traynham 2010). Water for the City of Tacoma comes primarily from 

the Green River gravity supply system that runs from the Cascade Mountains to Tacoma where 
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it is distributed to more than 300,000 people in both Pierce and King counties or stored in 

reservoirs (Fig. 2; Tacoma Public Utilities [TPU] 2018). However, some projections estimate 

that, under current operations, Tacoma’s reservoirs will refill in the spring 50% less than 

historically by 2075 (Palmer, Polebitski and Traynham 2010). While Tacoma Water can supply 

residents with well water or groundwater if necessary, there have also been joint efforts to 

store more water. The Green River, for a cooperative effort between Tacoma Water, the 

Regional Water Supply System and the U.S. Army Corps of Engineers, is used as the source for 

the Howard Hanson Additional Water Storage Project aimed at increasing the supply of water 

behind the dam for municipal use in the area (TPU 2018). 

 The investigation of climate change in the Pacific Northwest and the Tacoma area 

suggest that role of restoration in helping to adapt to water challenges is more relevant and 

important than expected. Even Tacoma cannot escape the negative effects of climate change 

like drought, energy discrepancies, and glacial melt. More concerning is the potential effects of 

temperature increases in this region. It is encouraging to see that there have been efforts made 

to store water in the region, and impressive documents complied in an effort to manage and 

conserve water resources.   

Water Management  

 Tacoma Water has an array of complex and detailed documents regarding the 

management of water resources. Out for public review currently (until 22 June 2018), a Water 

System Plan has been updated for the year 2018 with the overall purpose to help manage and 

maintain water resources (Tacoma Water 2018). In addition, the Green River Watershed 
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Management Plan and Green River Habitat Conservation Plan were useful to examine for their 

use of the restoration, climate and water management strategies.  

 Within the substantial Water System Plan, the draft of which was reviewed for this 

study, are sections dedicated to adaptive and restorative strategies. Some of those sections 

include topics in water conservation, water quality, and system resiliency. Under Water 

Conservation, Tacoma Water describes water conservation goals, such as reducing certain 

watering practices during summer months, and the programs involved in reaching those goals 

(Tacoma Water 2018). Each of the plans overlap to some extent, and the Water System Plan 

includes a brief description of both the Watershed Management and Habitat Conservation Plan, 

which are also lengthy individual documents.  

 In assessing the use of adaptive and restorative strategies, it was discovered that the 

Water System Plan focused more on overall adaptive strategies, while the Habitat Conservation 

Plan (the separate document) contained most of the information on restorative practices. The 

Water System Plan addressed adaptation in its discussions of conservation and resiliency. For 

resiliency, potential climate change influences on water availability were briefly described 

(Tacoma Water 2018). However, an ongoing resiliency study has not developed mitigation 

strategies for climate change because ‘a number of strategies employed for other risks can 

apply to climate change as well due to the similar nature of impacts’ (Tacoma Water 2018). 

Within the 192-page Water System Plan document, ‘climate change’ was mentioned ten times, 

all in association with resiliency. Meanwhile, ‘restore/restoration ’and ‘adapt/adaption’ were 

each used less than five times.  
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 Under the Habitat Conservation Plan and other environmental agreements, Tacoma 

Water maintains and monitors restoration projects. The extensive Habitat Conservation Plan 

describes the purpose of habitat conservation, legal requirements, animal species information, 

monitoring, and research all while it prioritizes the repair of fisheries along the Green River and 

discusses the restoration activities of parties other than Tacoma (Tacoma Water 2001). This 

733-page document (including appendices) uses the word ‘restoration’ 190 times, ‘restore’ 36 

times, ‘adapt’ 72 times, ‘adaptation’ 14 times, and ‘climate change’ zero times. Out of the 72 

times ‘adapt’ was used, 55 of those refer to ‘adaptive management’. Adaptive management is 

used frequently in this document when discussing frameworks for the protection of fish and 

wildlife, as well as in discussions of monitoring and research (Tacoma Water 2001). Restoration 

is not defined directly, and there is no mention of the University of Washington outside of 

citations.  The 298-page Watershed Management Plan mentions ‘climate’ twice, but there are 

no references to ‘climate change’. There are also no references to ‘adapt/adaptation’ or 

‘restore’, but 14 references to ‘restoration’.  

 While the Water System Plan had sections dedicated to adaptive and restorative 

strategies and the Habitat Conservation Plan discussed restorative practices in detail, the 

documents overall shared a similar issue with that of other documentation and conferences. 

Tacoma Water has prepared some excellently detailed documents that provide a framework for 

water management in the city. They could, however, use more cohesion and deliberate 

acknowledgement of the restoration - climate - water management nexus. The Habitat 

Conservation Plan is so organized and detailed, but curiously did not mention climate change at 

all, or describe the practice of restoration. Similarly, a document meant to be an overarching 
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plan for water management, the Water System Plan, scant mentions climate change or 

restoration. There is consensus regarding the looming devastation of climate change, and its 

impact on water resources. Therefore, the documentation and plans that dictate water 

management should reflect that fact to best prepare people for water challenges in the future. 

Conclusion 

 South Africa and the southwestern United States have something significant in common. 

Both regions are struggling to keep water available to their citizens, and desalination is a quickly 

growing option that provides more water (Slaughter 2018; Wilder et al. 2010). Harmful 

ecological effects from desalination have been difficult to monitor (Roberts, Johnston and Knott 

2010), and it is interesting that desalination use has been growing so quickly given that the 

technological fix for one ecological problem (water shortage) could cause another ecological 

problem that we are not yet fully aware of. The objective of this research was to explore the 

practice of restoration ecology to assess its role in helping people adapt to a future with water 

shortages. To do this, restoration ecology, climate, and water management, on their own and in 

relation to each other, were thoroughly studied. Based on research, the critical interventions 

identified for improving the water shortage challenge include adopting the SERA’s National 

Restoration Standards, emphasizing climate change adaptation through restoration, and 

establishing collaboration between the SER and the University of Washington.  

 This is because the Society for Ecological Restoration Australasia’s National Restoration 

Standards are significant on a larger scale, outside of Australia alone. The pliable nature of 

ecological restoration allows it to be applied to any project of any size in any nation, and if the 

Standards were circulated locally, regionally and globally, then the projects taking place 
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worldwide would be using restoration’s best practices. Innovative standards could not only 

improve the efficiency of ecological restoration on a national scale, but they could be a basis for 

global standards (Akhtar-Khavari, Cliquet and Telesetsky 2017). The standards help to 

effectively manage ecological communities, ensure science is used to support actions, 

encourage partnerships, and guide recovery of ecological systems (Standards Reference Group 

2017). This is an amazing feat for a single document and should be shared with the world. 

Ideally, the National Restoration Standards would be implemented nationally in the U.S. 

However, ecological concerns are not incredibly salient among political leaders in the United 

States currently. Though, the Standards could be implemented at any level, including regionally 

and locally.  

 In addition, emphasis on climate change adaptation through restoration will help people 

prepare for the future because the water management plans for the city of Tacoma, if bold, 

proactive and cohesive, would better prepare people for uncertainties in the future than the 

existing plans. Research shows that there has been drought in the past (Wise 2016), and that 

Tacoma will be directly influenced by climate change in the future (Lee, Mauger and Whitely 

2015). Yet, while Tacoma has many substantial documents guiding water management for the 

city, none of them fully addresses the intersection of ecological restoration, climate change and 

water management. To emphasize climate change adaptation through restoration and 

acknowledge the restoration-climate-water nexus, the SERA’s National Restoration Standards 

should be adopted on a local level. The combination of water management documents for the 

city of Tacoma and restoration Standards would adequately address the nexus and work to not 

only better prepare the city for changes to water availability, but also help to implement the 
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first intervention. There is evidence that local actions can influence global change (Wilbanks 

and Kates 1999), and when influential states like Washington start a trend there is a higher 

chance that the trend will propagate throughout the United States and even the rest of the 

world. It is not hard to imagine then, that local adoption of restoration Standards would help to 

form the foundation for global Standards later, in addition to contributing to more effective 

aquatic ecological restoration in Tacoma.     

 Finally, ecological restoration could help with water challenges even more if the 

University of Washington Tacoma collaborated with the SER because the SER’s Northwest 

Chapter and Student Association Program gather those interested in ecological restoration and 

provides them with resources, involves them in conferences and events, and provides them 

access to a global network (SER 2018). Water availability is a growing global problem, but 

students and faculty on the University of Washington Tacoma campus would have more 

opportunities to test theories, share information, and work to improve global problems starting 

with local actions if this collaboration existed. Implementation would involve the establishment 

of a SER student association at UWT. The University and faculty in the Restoration Ecology 

program should strongly encourage students in coming years to organize a student association 

and seek out collaboration with the Northwest SER.  

 All the recommendations support, improve or share the benefits of ecological 

restoration while improving the outlook of water shortages for people both locally and globally. 

However, there were limitations to this study, and there are always possible complications in 

implementing recommendations. The field of restoration ecology is vast, and even one year 

dedicated to studying the intricacies was not enough. Each section of this paper could have 
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been made into a separate study, and much more time and effort should be put into exploring 

and prioritizing the restoration-climate-water nexus. For the first and second 

recommendations, there may not be enough time before the newest water management 

documents are closed for public review to include the changes. Therefore, it could be a longer 

process than is ideal to include the restoration Standards locally and emphasize climate change 

adaptation through restoration in water management documents for Tacoma. Additionally, if 

students and faculty at the University of Washington Tacoma do not make an effort collaborate 

with the SER, they could be missing an opportunity to collaborate with an international 

organization and influence global change with local actions. However, this paper provides an 

opportunity.  

 It is an opportunity to act. Ecological restoration provides a means of improving the 

water shortage issue on a large scale through Standards that are applicable everywhere, 

adaptable practices that repair damage, and organizations that support students and research. 

Water managers should be pressured to address the ecological restoration - climate change - 

water management nexus, and to standardize restoration practices through adoption of the 

SERA’s National Restoration Standards. Students should be inspired to connect to international 

organizations that have the power to connect people, ideas, and resources. My hope is that this 

paper is a starting point from which to move forward and build so that future generations have 

access to fresh water, and a practice that moves to repair environments and connect people.  
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Appendix A 

 

Figure 1. Warming temperatures lead to an increase in precipitation as rain, rather than snow (Graham, Parkinson and Chahine 
2010).  
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Figure 2. Map depicting the Green River watershed, pipelines, and service area for Tacoma Water (Tacoma Water 2018).  
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Appendix B 

 

Figure 1. First order values and principles underpinning ecological restoration, from the Society for Ecological Restoration 
Australasia’s National Restoration Standards (Standards Reference Group SERA 2017). 
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Figure 2. Second order values and principles underpinning ecological restoration, from the Society for Ecological Restoration 
Australasia’s National Restoration Standards (Standards Reference Group SERA 2017). 
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Figure 3. Second order logistical values and principles of ecological restoration, from the Society for Ecological Restoration 
Australasia’s National Restoration Standards (Standards Reference Group SERA 2017). 
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Figure 4. Examples of blank progress assessment template for practitioner use from the Society for Ecological Restoration 
Australasia’s National Restoration Standards (Standards Reference Group SERA 2017). 
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