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INTRODUCTION 

“Vision is not seeing things as they are but as they will be.”- This proverb emphasizes the 

importance of understanding the current issues with a futuristic vision and the ability to see beyond 

the present (Holmgren, 2020). On that scope, the availability of water resources for consumption 

and ecosystems highly relies on the spatiotemporal distribution of precipitation (Seddon et al., 

2016). Consequences of variability in the water sources due to climate change, therefore, results 

in fluctuation in water availability, which has major implications for the ecosystem and entire 

biosphere (Haddeland et al., 2014). Several studies have examined the alteration of precipitation 

and evaporation patterns and their characteristics. Results show that variation in the combination 

of monthly evaporation and precipitation due to climate change has a wider implication for 

regional hydrology, biodiversity, ecology, and crop yield (Gornall et al., 2010). While several 

institutions have been closely studying the adverse effects of worldwide changes with regards to 

the fluctuation of water systems due to climate variables, there is room for more assessment and 

research (D.C. et al., 2011). Thus, there is a dire need to understand water systems and come up 

with climate-resilient practices on a smaller scale with individual effort. 

The subject of detrimental environmental change due to the changing climate has been a 

major concern. Among the several unprecedented challenges that climate change poses, the 

availability of quality water and soil for agriculture is amongst the most crucial ones that require 

attention (Nhemachena et al., 2020). The sensitivity of crop productivity to the changing climate 

conditions will accelerate more with increased variability in the availability of water resources and 

extreme events such as drought (Nhemachena et al., 2020). Both seasonal scarcity or 

overabundance of water affects the productivity and growth of crops, subsequently giving rise to 

a scarcity of food produced and ultimately, hunger (Wheeler & von Braun, 2013). Agriculture is 

most likely going to be one of the hardest-hit sectors on a global scale (Wheeler & von Braun, 

2013). According to the Environmental Protection Agency (EPA), climate change is most likely 

to have a greater impact on food security at both regional and local levels in the United States 

(Brown et al., 2015). It is important to anticipate the adverse effects of the changing environment 

and take appropriate measures to minimize the risks it can instigate. The future of climate 

adaptation will depend on recognizing the fact that it is a shared responsibility - from an 

organizational level to an individual effort - where each has its complementary role to play. 
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There is a substantial number of scientific discoveries and agreement around the subject of 

climate change. Reports published by IPCC show that impacts of climate change in the present 

will continue in the future in several different ways such as extreme events, fluctuating patterns of 

precipitation, droughts and its potential damage to public health, displacement, food insecurity, 

etc. (IPCC, 2018). This has reiterated the need to closely understand the relationship of organisms 

within a system and adopt sustainable measures and designs that will help better equip and prepare 

communities for the years ahead (Alvar-Beltrán et al., 2020). Permaculture, which ensures the 

sustainable philosophy of life with its ethical and scientific designs, introduces one of those 

concepts whose inherent mechanism is to understand the natural pattern and incorporate those 

practices in achieving the goals of sustainability (Verma & Tiwari, 2020).  

Nature and ecosystems are like sculptures and art that create links between living systems 

that depend on each other (Sascha, 2000). Every ecosystem with living beings - be it in the water 

or land is connected and interlinked - up, down, and underground. It is fascinating to see how - 

from the smallest microbes fixing nitrogen in the soil to a lion preying on its food for dinner in the 

forest – all organisms are connected. They tend to find a pattern, a complex web to support and 

sustain one another. The entangled web of the food chain and nature’s way of working itself has 

so many important lessons that we can learn. The basic principle of permaculture expresses and 

discovers these natural patterns, advocates advancement in the daily choices and habits of human 

life systems that are not only based on natural ecosystems but the beliefs and values that people 

hold concerning nurturing of earth, animals, fishes, birds, while also sensibly utilizing the available 

natural resources as well as adapting to the ever-changing nature of the environment (Krebs & 

Bach, 2018). The future of climate adaptation will depend on recognizing the fact that it is a shared 

responsibility to protect nature. Therefore, I propose in this paper that increasing the capacity of 

the resources available within our communities will better prepare us for the future and make us 

more resilient towards the change that we will be seeing in the coming years. I introduce the 

concepts and techniques of permaculture that can be used as an adaptation measure in urban farms 

in Worcester, focusing mainly on the conservation and sustainability of these farms in terms of 

water conservation.  

This paper will begin by giving readers a brief background on the origin of the project, 

followed by a brief introduction to the organization that hosted my internship, the Regional 

Environmental Council (REC), including who they are and what do they do for urban farms. I will 
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(Annear, 2016). The same year, a heavy precipitation event caused severe flooding, impacting the 

waterways and revealing vulnerabilities in Worcester’s stormwater system.  

 

Figure 7. Drought intensity in 2019 in Massachusetts according to the North American Drought 

Monitor (NADM); white = none; yellow = abnormally dry; cream = moderately dry; orange = 

severe drought; red = extreme drought (Fuchs, 2019). 

 

The North American Drought Monitor (NADM) website publishes maps of drought 

conditions in Canada, Mexico, and North America (Fuchs, 2019). Figure 7, a map developed by 

NADM, shows us the intensity of the drought in Massachusetts. The conditions range from none 

(no drought) to extreme drought conditions.  ‘Abnormally dry’ zones (yellow on the map) 

experience impacts on crop growth, delayed planting, increased wildfire, early spring fire season, 

and declining surface water. In ‘moderately dry’ areas (cream color), the impacts of drough include 

increased use of irrigation; hay and grain yields lower than normal; increased risk of wildfire; 

stress on trees and landscapes;  stress on fish populations; lake water levels below normal capacity; 

and voluntary water conservation requested. For ‘severe drought’ (orange) zones, water quality is 

poor, groundwater is declining, and irrigation ponds are dry;  formal restrictions on the use of 

water outdoors re implemented; trees are brittle and susceptible to insects; crops are impacted in 

both yield and fruit size. Lastly, ‘extreme drought’ zones (in red) are more susceptible to extremely 

reduced to complete cessation of stream flow; river temperatures are warm; wells run dry; people 

start digging more and deeper wells; water recreation is modified; and bulk water haulers are seen 

to increase in use, since the efficacy of irrigation from surface water sources are limited; crop loss 
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is widespread [cite source]. Observing these levels across the state of Massachusetts in 2019, it is 

clear that water scarcity is already a major issue that needs to be directed with change in practice. 

 

XERISCAPING  

The term “xeriscape” was coined in the 1980s in the city of Denver, Colorado. Xeriscaping 

is a compound word comprised of the word “xeros”, which means “arid” in Greek and the word 

“landscape”. It is a landscape designing method that has ecologic, economic, and aesthetic benefits 

for a community. The basic strategies and approaches proposed in xeriscaping design focus on 

drawing elements of nature together in a more integrated system. These integrated systems are 

designed in such a way that each component is practical and energy efficient by nature or is 

designed that way. The farms and gardens using xeriscaping strategies are self-reliant and water-

efficient through the integration of drought-resistant plants that improve soil quality and reduce 

chemical and pesticide use to prevent contamination of groundwater (Çetin et al., 2018). Some of 

the economic advantages of this design are reducing labor costs, requiring less time for 

maintenance, saving effort and energy, resulting in lower electricity and water bills (Çetin et al., 

2018).  

Xeriscaping design advocates natural water-saving landscapes in farms instead of 

traditional landscape concepts or the ones that emphasize “techno-driven” methods such as the use 

of renewable energy (solar or hydro) that are self-reliant and energy-efficient (Holmgren, 2020). 

Xeriscaping is one of those practices that takes a holistic approach in assessment, planning, 

designing, and picks out suitable and appropriate plant species that are drought resistant. It uses 

water-efficient irrigation techniques to make farmlands more sustainable and climate-resilient. 

Many scholars have found that the approaches taken in xeriscaping capture a large amount of CO2 

with lower irrigation requirements than other sequestration approaches (Çetin et al., 2018). 

Eliminating the need for yard equipment that uses fossil fuels helps reduce the carbon footprint 

and helps promote natural habitat for the crops and soil (Çetin et al., 2018). Xeriscaping any 

garden/farm space could reduce the need for pesticides, increase soil quality, and subsequently 

benefit healthy eating in the community. The use of cover crops and mulches to help plants 

maintain their own growth rates without the help of pesticides is beneficial. Xeriscaping helps 

conserve water, improves soil quality, and promotes eco-friendly, naturally sustaining, easily 
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adaptable crops that save energy and time while increasing the productivity of a farm (Wilkinson, 

2015). 

Xeriscaping methods incorporate all 12 of the permaculture principles discussed earlier. 

We will discuss the implementation of those principles into practical use in the following sections.  

 

Use of drought resistant perennial crops 

Permaculture designs strongly focus on perennial plants and emphasize their benefits over 

using annual plants in agriculture. Annual plants are grown in 70% of the world’s cropland area, 

leading to loss of fertile land, depleted groundwater, an increase in pests, and erosion of 

biodiversity (Seaman, 2011). To revive and restore agriculture, permaculture introduces perennial 

plants as a sustainable and productive transition to the practice while meeting the needs of farmers. 

It is crucial to utilize perennial plants when we consider permaculture, as these plants help 

construct permanent systems. The seventh permaculture design principle – small-scale intensive 

system – explicitly states the importance of perennial plants while designing small-scale gardens 

and farms.  

Unlike annual plants that grow only one season, perennials can last through the seasons 

after a single harvest. Perennial species regrow and reproduce seeds, grains, biomass, and fruits 

and do not require as much effort as an annual plant. They can be harvested multiple times, 

sometimes more than 10 years (FAO, 2021). Perennial plants have a natural tendency to be more 

consistent and abundant, which results in long-lasting, affordable food, fiber, and fuel. Planting 

perennials maintains soil biota, structure, and quality because they have deep roots that support 

stability and nutrient enrichment over time. Additionally, perennial plants do not require fertilizers 

and energy inputs which adheres to the ninth principle of permaculture: use and value renewable 

resources and services. Moreover, perennial plants have a high water-saving efficiency that 

improves climate resiliency. Agricultural systems with annual plants as their predominant crops 

are more susceptible to water loss due to soil evaporation and surface runoff. Studies from the 

Midwestern United States show results and insights into the water use efficiency, along with the 

productivity of perennial plants (Hamilton et al., 2015). Scientists have found that perennial plants 

have enhanced soil hydrological function, higher infiltration rates, and relatively lower runoff 

rates. In an experiment comparing switchgrass (a perennial) with maize, the tradeoff between 



 

26 

 

carbon and water in the experiment provided a strong indicator of productivity per use of water 

(Basche & Edelson, 2017).  

In Worcester, where we have small-scale farms, the use of perennial plants could increase 

the productivity of these farms at the lowest cost, effort, and adaptability. Magenta plants, for 

instance, are native to North America and blooms throughout summer; they can survive the water 

scarcity during the heat of summer. Plants like coneflowers and daylilies are tough plants that do 

not require much water or fertilizer and are pest resistant that is commonly found around 

Worcester. Likewise, sorrel (Rumex acetosa) is a vegetable that is often overlooked in gardens but 

is a multifunctional perennial species (Toensmeier, 2014). A cultivar of sorrel known as 

“Profusion” has deep roots and contains healthy nutritients like calcium, phosphorus, and 

potassium  in its leaves. Sorrel grows in partially shaded areas and require little water to survive, 

which is perfect during seasonal droughts (Toensmeier, 2014). Sunchokes, also known as 

Jerusalem artichokes, is another perennial vegetable that can be grown in cold weather. Their 

tubers store their energy in the form of starch during winter. Sea kale broccolis, Turkish rocket 

broccolis, purple asparagus, Chinese artichoke, and rhubarb are other perennial vegetables that are 

perfect for Worcester weather (Toensmeier, 2014). Perennial plants will also help to retain and 

build the soil and conserve the available land we have for community gardens around Worcester.  

  

Swales 

Swales are a prime example of several permaculture principles, including catching and 

storing energy, obtaining a yield, applying self-regulation and accepting feedback, use and valuing 

renewable resources and services, and using edges and valuing the marginal. It encourages the 

recycling of natural energy by capturing, storing, and creating a system where the resource reuses 

itself, self-sustaining the entire cycle on site. Swales can be referred to as “engineered vegetated 

ditches” that help in the infiltration of water, storage, and low-cost drainage for urban farms. The 

EPA recognizes swales' potential to reduce the environmental footprint of food production while 

meeting the needs of the crops and the farm to manage water-related challenges such as 

drought(Borst et al., 2012). 



 

27 

 

 

Figure 8. Demonstration of a swale design on a small garden plot (Plant Justice, 2009) 

 

Swales are suitable for low-lying areas, as water flows downhill. Designing and forming 

swales requires a thorough site assessment to identify the best spots  and dig trenches along the 

contour of the farm (Nolasco, 2013). These trenches capture water after heavy rainfall and hold 

the water for some time before it percolates into the soil. Ideally, swales are dug at a slightly higher 

elevation than raised garden beds or trees as these trenches help enhance the soil moisture and 

recharge groundwater. It also helps to store water temporarily on site.  

Swales help slow down the flow of the water and hold it long enough for the perennial 

plants to absorb the nutrients and benefit from the soil moisture. The holistic design of the urban 

permaculture farm means its components can complement each other if they’re designed and 

planned out carefully. As permaculture principles 7 and 8 state, (design from patterns to details 

and integrate rather than segregate) integrating perennial plants alongside swales will help urban 

farms gain productivity.  

 

Drip Irrigation 

Drip irrigation is a water-efficient irrigation technique which is also known as micro or 

trickle irrigation. Drip irrigation is characterized by slow and accurate flow of water in farms. This 
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irrigation system can be applied to farms of any size and can also be a cost-effective way of 

irrigation. Drip systems are comprised of tubes connected to cisterns or greywater 

diversion(Nolasco, 2013). Irrigation efficiencies for this method are 88-90% depending on the 

weather conditions, which is higher than more conventional, open systems known as flood 

irrigation (Nolasco, 2013). Additionally, drip irrigation is one of the most efficient ways to water 

crops using wastewater. Crops can benefit from the use of wastewater if used properly. Recycling 

or reusing wastewater is particularly valuable in places that have water scarcity. However, 

municipal wastewater can be heavy with toxic chemicals or microorganisms that pose potential 

harm to human health, so it is important that only domestic greywater or water that has been 

properly treated be used in drip irrigation systems. Furthermore, drip irrigation systems should be 

attached to a suitable filtering apparatus that will clear debris that could potentially clog or 

contaminate the system (Nolasco, 2013).  
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Figure 9. Drip irrigation system inside a high tunnel (top) and multiple watering hoses attached 

to a raised bed (bottom) (Jacobson, 2018) 

 

Hügelkultur 

Hügelkultur technique has been used for centuries in the form of “grandma’s ways of 

reusing old debris”, but it was only in 1962 that gardener Herrman Andrä recognized this practice 

as a permaculture method (Laffoon, 2016). The term hügelkultur is derived from German for 

“mound culture”. These mound beds are made up of decomposing wood to imitate the nutrient 

cycle that occurs in forests. The rotting wood, consisting of trimmed branches or debris of various 

diameters, are typically mounded and covered with a layer or two of green manure,  compost, and 

a layer of topsoil.  This method increases water holding capacity and thereby provides crops with 

moisture during drought seasons. Hügelkulture beds are designed in such a way that the decaying 
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woods at the center of the structure acts as a water reservoir for the plants to absorb and helps 

encourage a low maintenance composting system (Laffoon, 2016). It also improves drainage 

properties as well as the bed structures on which crops are planted.  

 

Figure 10. Representation of Hügelkultur mound construction (Beba & Andra, 1985) 

 

A study of the water storage properties of hügelkultur beds in Kentucky assessed the 

performance of hügels over time and compared them to non-hügled land (Laffoon, 2016). After 

measuring the moisture content of the soil for three months, the researchers concluded that the 

hügelkultur system could hold more water, since the water concentration levels in the hügelkultur 

beds were higher than the control beds. The hügels constructed with wood debris contained an 

average of 59% water while the control beds contained 33% water. The authors concluded that 

although this method required a large amount of organic material (logs, soil, and straw) at the 
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beginning, it lasted longer and could be used as a no-till agricultural system (Laffoon, 2016) that 

would conserve water in the context of climate change.  
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Figure 11. Step-by-step process in the Hügelkultur Garden Demonstration Project (Griesemer, 

2016) 


