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Introduction 

 The impacts of climate change have the potential to be hazardous to the communities 

and environment of the Central Shenandoah Valley. As the impacts from climate change 

increase, the region will face more frequent, severe storms and natural disasters. These 

threaten local commercial and agricultural industries and infrastructure, as well as the safety 

and well-being of residents within the Central Shenandoah Planning District Commission 

(CSPDC) region. As population continues to grow, the risk of supplementary physical 

damage and economic loss will rise, as well.  

 

Population 

The population of the individual cities and counties of the CSPDC region vary 

considerably (Table 1). Rockingham and Augusta counties have the highest populations as 

well as the highest median household income, median property value, and number employed 

(Data USA, 2019-h; Data USA, 2019-b). Each locality is expected to see an increase in 

population except for Bath County, Highland County and the City of Buena Vista, where the 

populations are slowly declining (Data USA, 2019-b; Data USA, 2019-d; Data USA, 2019-c). 

The city of Harrisonburg has a population growth rate of 2.09%, the fastest growing within 

the region; it also has the third highest median property value behind Rockingham and 

Augusta counties (Data USA, 2018-e; Data USA, 2019-h). Amongst the most common 

occupations within the localities are administrative, sales and management positions; 

however, there are comparatively high numbers of residents working within the farming, 

fishing, and forestry occupations as well as firefighting and prevention, and other protective 

service jobs. (Data USA, 2019-a-j). As people continue to move into the area, prompting 

further infrastructure and development, the risk of economic and social losses will increase 

unless additional hazard mitigation measures are taken to match the threat of increasingly 

destructive weather.  

 

Land Use 

The Central Shenandoah Valley region consists of 3,439 square miles located in 

western Virginia between the Blue Ridge and Allegany Mountains (Central Shenandoah  

Valley Region, 2015).  According to each county’s latest comprehensive plan, the majority of  

Central Shenandoah Valley land is dominated by forest and agriculture. The region’s growing  
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Table 1. Population Data for Central Shenandoah Region (Data USA, 2019). 

 
County/City 

 
Population 

Population Growth 
Rate 

(Between 2015-2016) 

Median 
Household 

Income 

Median 
Property Value 

Number of 
Employees 

Augusta 74,330 0.37% $56,802 $199,700 34,486 

Bath 4,558 -0.55% $44,985 $146,400 2,209 

Highland 2,230 -0.62% $44,877 $160,800 982 

Rockbridge 22,450 0.03% $52,478 $193,300 10,184 

Rockingham 78,427 0.83% $55,029 $200,900 38,083 

Buena Vista 6,495 -1.74% $33.672 $111,700 2,806 

Lexington 7,113 1.09% $37,309 $252,500 2,257 

Harrisonburg 53,064 2.09% $43,009 $196,200 26,008 

Staunton 24,273 0.161% $46,435 $162,500 11,848 

Waynesboro 21,620 1.19% $42,112 $161,600 9,976 

 

recreational and agricultural industries are supported by such land use. All five counties  

within the CSDPC region have over 10% of land use devoted to agriculture; however, the 

largest percentages are in Rockbridge and Rockingham counties that respectively utilize 73% 

and 46% of their land for agriculture. State and Federal lands such as Shenandoah National 

Park, George Washington National Forest, and Jefferson National Forest are located within 

the CSPDC bounds and are a significant attraction to the area (Figure 1). Within the region, 

efforts to increase lands dedicated to conservation and recreation purposes are being made 

with intent to preserve their intrinsic value. 

 

Changes to Weather and Climate Patterns 

“Climate” describes the long-term weather patterns in a specific region. Regions with 

the same climate are likely to have similar averages of precipitation, temperature, wind, 

insolation, and humidity. These averages are referred to as “climate normals” (NOAA, 2018). 
Earth’s climate goes through periodic cycles that normally take place over a span of 
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Figure 1. Map of Localities in Central Shenandoah Valley Region (CSDPC, 2019).  
 

thousands of years (NASA, 2014). However, this process is accelerated due to anthropogenic 

causes (environmental pollution caused by humans), such as the increase of carbon dioxide 

and other greenhouse gases in the atmosphere. The rapid rate at which climate change is 

taking place is concerning and increasingly impacting world economies and human health. 

Within the past 100 years, Earth’s average temperature has risen one-degree Fahrenheit and is 

expected to increase up to 10 degrees over the next 100 years (NASA, 2014). Climate change 

can increase the frequency and severity of hazardous weather events such as hurricanes, 

tornadoes, winter storms, droughts, wildfires, and floods.  In the Central Shenandoah Valley, 

climate change will present hazards to the sustainability of the agricultural, commercial, 

residential, urban, and recreation sectors. It is important for local communities to be aware of 

these hazards in order to plan for resilience and adaptation.  

The effects of climate change on local weather are seen throughout the Central 

Shenandoah Valley, which displays varied topography and elevation. Data compiled by the 

National Oceanic and Atmospheric Administration (NOAA) clearly demonstrates that local, 

regional and national trends in temperature, extreme climate variations, as well as natural 

disaster frequency have increased over the past century (NOAA, 2019-b; NOAA, 2019-c; 

NOAA, 2019-e). The southeast region of the United States has been experiencing a recent 

increase in climate extremes. NOAA (2019-e) quantifies extreme variations of climate cycles 
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using the Climate Extremes Index (CEI). The regional CEI consists of five indicators 

compiled to create an annual timeline from 1910 to 2018. The indicators, called steps, 

include: extremes in maximum temperature, minimum temperature, Palmer Drought Severity 

Index (PDSI), 1-day precipitation, as well as days with and without precipitation. In the 

Southeast (Figure 2), there is a sharp increase in the percentage of indicators per year within 

the past decade (NOAA 2019-e). The green trendline, or 9-point binomial filter, reached past 

40% for the first time in 1990, doubling the overall average of 19.7%. This occurs in five 

other instances within a 20-year span from 1998-2018. Extreme changes have taken place in 

a short time period, increasing in frequency as the graph approaches present day. It is likely 

that this trend will continue and the southeast, including Virginia, will experience more 

drastic weather patterns and potentially more dangerous and destructive hazards as a result 

(National Climate Assessment, 2014; States at Risk-Virginia, 2019; United States 

Environmental Protection Agency, 2016).  

 NOAA’s graph (2019-b) of billion-dollar weather climate disasters for Virginia 

reveals a trend similar to that of seen in the Southeast’s extreme climate variations. Within 

the past 20 years, the number of natural disasters that caused a billion or more dollars in 

damage has increased drastically within Virginia (Figure 3). The brightly colored trendlines, 

representing years with the highest costs for disaster events, are all located above the black 

trendline, representing the average number of events from 1980-2018. The most expensive 

year for Virginia took place in 2018, where all 12 months exceeded the average, and some 

months tripled the average cost of disasters per month.   

 

 
Figure 2. Graph of Climate Extremes Index for southeast (NOAA, 2019-e).  
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Figure 3. 1980-2018 Year-to-Date Billion-Dollar Disaster Event Frequency (CPI-Adjusted), (NOAA, 2019-b).  

 

 The Central Shenandoah Valley has witnessed an increase in precipitation and 

temperature throughout the last century. According to NASA’s (2019) description of the 

patterns expected as climate change continues, dry areas will become drier, wet areas are 

expected to face an increase in precipitation brought on by higher average temperatures, and 

storms are expected to become more intense. Rockingham and Rockbridge counties have 

experienced an overall increase in the annual average temperature since 1896 (Figures 4, 5) 

(NOAA, 2019-c; NOAA, 2019-d). This tendency is observed throughout the remaining 

counties within CSPDC, as well. 

 

  

 

As of February 2019, the entirety of Virginia has experienced higher amounts of precipitation 

than normal (Figure 6).  While Rockingham, Highland, and Augusta counties have had above 

Figure 4. Rockingham County’s annual average 
temperature from 1896-2019 (NOAA, 2019-d). 

Figure 5. Rockbridge County’s annual average 
temperature from 1896-2019 (NOAA, 2019-c). 
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average precipitation, both Bath and Rockbridge counties have had well above average 

precipitation, according to NOAA (2019-c; 2019-d).  

 

 
Figure 6. United States County Precipitation Ranks as of January-February 2019 (NOAA, 2019-f) 

 

While the region is experiencing higher amounts of rain than normal and increased 

probability of flooding, there is still the possibility of severe drought due to the Central 

Shenandoah’s geographic location. Bath and Highland counties sit within the Allegheny 

Mountains, with Rockingham, Rockbridge, and Augusta counties bordering on the Allegheny 

Mountains to the west and the Blue Ridge Mountains to the east. (Central Shenandoah Valley 

Region, 2015). Even with more frequent storms, if the Central Shenandoah Valley becomes 

drought stricken, rain will not alleviate the symptoms. Once soil moisture evaporates the 

ground becomes hard and dense, making it difficult for it to absorb any water. When it does 

rain, the water ends up running off into rivers and streams instead of infiltrating into the soil 

(Climate Reality Project, 2016).  
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Hazard Profile 

 Agriculture: Livestock 

The agriculture industry is among the most important sectors of the economies of the 

five counties (data not available on the cities) within Central Shenandoah. With a large 

economic output of $959,013,000 collectively amongst the counties, the importance of 

mitigating the hazards to the industry into the future of climate change is apparent (U.S. 

Agricultural Census, 2012). In all five counties, livestock production provides far greater 

economic output than that of crop production. Therefore, livestock production must be a 

priority in terms of allocating resources to hazard mitigation programs.  Data on the 

agricultural industry within the five counties for analysis of the hazards particular to it is 

provided in (Table 2).  

 

Table 2. Data on the number of farms, their average acreage, economic output for livestock and crop production, the 
types of livestock with top economic output, and the quantity of the top livestock within the county presented. The data 
was retrieved from the Virginia Community Profile websites for each of the respective counties within the jurisdiction of 
the CSPDC. The websites are maintained by the Virginia Employment Commission (Virginia Employment Commission, 
2019) (U.S. Agricultural Census, 2012). 

 
Variable Rockingham Rockbridge Bath Augusta Highland Total 

Number of 
Farms 

1902 833 116 1,706 261 4,818 

Land in Farms 
(acres) 

222,049 168,376 41,332 360,137 93,080 884,974 

Average Size of 
Farm 

117 202 356 152 357 1,184 

Crop Sales 
(dollars) 

47,606,000 6,974,000 1,340,000 27,685,000 1,362,000 84,967,000 

Livestock Sales 
(dollars) 

611,389,000 24,804,000 4,717,000 204,432,000 28,705,000 874,047,000 

Total Value of 
Agricultural 

Products Sold 

658,995,000 31,778,000 6,057,000 232,117,000 30,067,000 959,014,000 

Top Livestock 
Inventory Item 

Broilers/meat-
type Chickens 

Turkeys Cattle/calves Broilers/meat-
type Chickens 

Turkeys N/A 

Quantity of Top 
Livestock Item 
Within County 

12,879,488 49,376 5,707 3,496,853 152,165 16,583,589 

Ratio of Men to 
Women within 
Agricultural 

Industry 

7.05 6.57 7.92 7 7.41 AVG= 7 

 

Temperature increases related to climate change increasingly threaten the livestock 

sector by decreasing feeding efficiency, water availability, milk production, egg production, 

and livestock reproduction. It also simultaneously degrades the industry by increasing 

industry water demands, pest related illnesses, lignin (a complex organic polymer which 

makes the cell walls of many plants rigid and difficult to digest) in plants, and pathogen 
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contact (Harrigan, 2017). Every hazard represents threats to the economic viability of the 

livestock industry within the Central Shenandoah Valley region. Nationwide, heat stress 

(which is the hazard of most concern to the livestock industry here) is already responsible for 

annual economic losses between 1.69 and 2.36 billion dollars, of which 50% occurs in the 

dairy industry supported by livestock (Harrigan, 2017).  

Livestock have a “thermal neutral zone,” the range of temperatures to which the 

animals can be subjected before physiologically responding negatively (Harrigan, 2017). 

Each species of livestock has a different thermal neutral zone; however, lighter fur color and 

smaller size favor higher temperature thresholds (Renaudeau, 2012). When livestock are 

subjected to temperatures above this thermal neutral zone, the response to heat stress includes 

reductions to feed intake, increases to water intake, and changes in respiration rate (Johnson, 

2018). The reduced feed intake means a reduction in weight, making livestock less valuable. 

Additionally, heat stresses also cause a reduction in milk production, egg production, and the 

efficiency of feed conversion, all of which reduce the economic output of the livestock 

(Harrigan, 2017). Heat stress can also reduce reproductive rates in livestock (Johnson, 2018). 

With the general increases in temperatures (Figures 4, 5), it is projected that heat stress will 

increasingly threaten the economy of the Central Shenandoah and its agricultural industries.  

A reduction in nutrient intake rate (the amount of nutrients livestock intake from 

eating in a given time) will be a critical climate change hazard to the livestock industry. The 

relationship between increased temperatures and average nutrient intake for growing pigs 

along with daily bodyweight gain (Figure 7) reveals a steep drop off in energy intake and 

body weight gain as temperatures exceeded 22 degrees Celsius.  

 
Figure 7: The increasing effect of ambient temperatures between 15-30 degrees Celsius on growing pigs and their daily 

nutrient intake (Renaudeau, 2012). 
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The poultry industry in Rockingham County, which includes almost thirteen million  

broilers, will be more vulnerable to the hazards associated with climate change (U.S. 

Agricultural Census, 2012). In Rockingham County alone (where agricultural economic 

output is greatest), $611,389,000 of the $658,995,000 total agricultural economic output 

comes from livestock production, and most of that from broilers/meat-type chickens. 

Temperatures higher than 30 degrees Celsius (86ºF) can subject the poultry to heat stress 

(Harrigan, 2017), which means reduced weight gain, feed intake, carcass weight, and 

protein/muscle calorie content. Egg production from poultry can also be compromised with 

increased temperatures, as ovulation can be interrupted. Heat stress can reduce egg numbers, 

total weight, shell weight, and shell thickness (Harrigan, 2017). Feed intake has been shown 

to be reduced in chickens by 1-1.5% per degree of ambient temperature rise from 20-30 

degrees Celsius (68 ºF-86ºF) and by 5% per degree from 32-38 degrees Celsius (89.6 ºF-

100.4ºF) (Renaudeau, 2012). Egg production is decreased heavily at temperatures higher than 

30 degrees Celsius. From 15-30 degrees Celsius, there are steep reductions in egg laying rate 

and egg weight (Figure 8).  

 

 
Figure 8: The effect of increasing temperature on hen egg laying rate and average egg weight (Renaudeau, 2012).  

  

The dairy industry will also be threatened by climate change. Rockingham County is 

the largest milk producing county in the Central Shenandoah, with an annual economic 



 12

output of more than $53 million (U.S. Agricultural Census, 2012). The economic output of 

milk production within the five counties in the Central Shenandoah is quantified in Table 3.   

 

Table 3. Provides data on the economic output from milk production in each county (U.S. Agricultural Census, 2012).  
Bath county data on countywide milk production not available. 

County  Rockingham  Rockbridge Bath  Augusta  Highland  Total  

Annual 

(Dollars) 

53,563,000 6,792,000 N/A 27,640,000 12,518,000 100,513,000 

 

The reduction in nutrient intake caused by heat stress has been linked in cattle to 

reduced milk production (Renaudeau, 2012). For every one-degree Celsius increase past the 

thermal neutral zone, an 0.85 kg reduction in cattle feed intake occurs, resulting in a ~36% 

reduction in milk production (Pragna, 2017).  

 

Figure 9. The effect of ambient temperature on dairy cow performance during lactation. Milk yield in units of kg/d was 

plotted against increasing temperatures from 25-45 degrees Celsius. The effect of cows subjected to heat stress, both two 

days prior (—**—), and 1 day prior to (— —), and the day of (—) is shown for milk production. (Renaudeau, 2012).  

 

Reproductive rates of livestock are known to be reduced when temperatures exceed 

the thermal neutral zone. When the temperature humidity index exceeds 72.9 for beef cows in 

pasture, a reduction in pregnancy rates can be witnessed (Bernabucci, 2010). In summertime, 

conception rate already drops by 24% due to the higher temperatures (Renaudeau, 2012). As 

climate change and global temperatures increase, breeders of cattle in the Central 

Shenandoah must be aware of these threats to their reproducing livestock.  
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In the last few decades as the global climate has changed, rates of pest related diseases 

have increased greatly in the US (CDC, 2019). Nine new germs spread by mosquitoes were 

discovered during the last 13 years. In addition to these, Zika, West Nile, Lyme, and 

chikungunya are among the diseases increasingly being spread by pests (CDC, 2019). These 

diseases pose hazards to both humans and livestock alike. The US as a whole is witnessing a 

large increase in pest populations and related illnesses, and Virginia happens to be in among 

the states most heavily impacted. The nationwide increase in pest related illnesses is 

described (Figure 10). These nationwide phenomena are of special concern to Virginia as the 

state ranks in the top 20% in the US for the sheer number of reported disease cases from ticks 

and other pests at 16,454 between 2004-2016 (CDC, 2019).   

 

 
Figure 10: The number of reported mosquito, tick, and flea bite related illnesses (CDC, 2019). 

 

 Livestock Recommendations  

 Farmers should be familiar with the thermal neutral zones for all their livestock 

breeds. When temperatures exceed those thermal neutral zones, farmers should take measures 

to cool livestock. Creating a dependable water infrastructure for livestock to utilize as they 

acclimate to warmer temperatures is perhaps one of the most obvious and important 

adaptations for the industry into the future of climate change (Korthaus, 2015). Providing 

shade for livestock is also critically important, as it keeps them out of the sun's hottest rays. 

Planting trees is a cost-effective method for providing such shade and also serves to help with 

flooding and water infrastructure (Korthaus, 2015).   

On hot days, working cattle should only be working in the early morning or later in 

the day in order to mitigate the chances of subjecting the cattle to heat stress. Other methods 
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include selecting livestock for purchase that are adapted to warmer climates. Having a lighter 

hide color and thickness are advantageous traits in warmer conditions. As calves are the most 

susceptible to heat stress, it is recommended that calving be started around May as to not 

have them born in the hottest part of the year (Korthaus, 2015). 

Feeding livestock and specifically broiler high fat diets can help to reduce the hazard 

of heat stress (Renaudeau, 2012). Under heat-stress conditions of 35-36 degrees Celsius, 

broilers that receive a high-fat diet of 5 to 10 percent fat were able to gain more body weight 

than those with low fat diets. Such a switch can, in hens, increase the thermal neutral zone 

upper range from 22-24 degrees Celsius to 25-29 degrees Celsius (Renaudeau, 2012). 

Additionally, reducing the stocking density of hens can help to reduce the temperature in 

their facilities as radiant from the animals would be reduced. Increasing ventilation within the 

facilities can also help to reduce temperature (Renaudeau, 2012).  

The typical systematic approach to pest control must also be revolutionized, as 

increased temperatures are likely to increase pest abundance (EPA, 2016). Increasing the 

amount of pesticides used to deal with the increased pests will result in increased bio-

magnification (the increasing concentration of a substance within higher levels of the food 

chain) and our food will become more toxic (EPA, 2016). The CDC advises that adapting to 

the increased hazards of pest diseases involves “Reducing the spread of these diseases and 

responding to outbreaks effectively will require additional capacity at the state and local level 

for tracking, diagnosing, and reporting cases; controlling mosquitoes and ticks; and 

preventing new infections; and for the public and private sector to develop new diagnostic 

and vector control tools” (CDC, 2019). Additional recommendations for mitigating pest 

related hazards include improving coordination between federal, state, and local officials for 

pest control programs and to use modeling to predict and pinpoint the likelihoods of pest-

related disease outbreaks. (Renaudeau, 2012). Managers of livestock can also find and 

remove ticks from their livestock daily to further reduce pest-related hazards. 

  

 Agriculture: Crops 

Climate change has the potential to impact the economy and the health of the people 

in the Central Shenandoah Valley by affecting crop agriculture through plant dehydration 

from longer and more severe droughts, physical damage from extreme storms, damage to soil 

health from increased carbon dioxide and temperatures, and increased insecticide use on 

crops (U.S. EPA, 2019). 
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A major concern of the impact of climate change on crop production is the 

degradation of cropland soil (Islam, 2017). Elevated levels of carbon dioxide cause an 

increase in the weathering of rocks and minerals, which disrupts carbon biotic cycles in the 

soil and reduces the productivity of plants (Islam, 2017). Increased frequencies of extreme 

weather patterns such as droughts, floods, and heat waves can also have negative effects on 

agricultural soils by changing the drying and rewetting cycles of the soil (Islam, 2017). This 

disturbance of the drying and rewetting cycles reduces nutrient uptake by plants and increases 

nutrient competition, resulting in a decline in productivity and yield (Islam, 2017).  

Droughts will be an increasing threat to crop production in the Central Shenandoah 

Valley. It is predicted that drought frequency will increase by 100% by the mid-21st century 

and by 200% at the end of the 21st century for most regions (Sheffield, 2008). Agriculture 

accounts for 80% of the total water use in the United States; therefore, the agricultural 

industry is most affected by drought (Chou, 2016). Droughts cause significant yield 

reductions for rain-fed and irrigated crops and can cause complete loss of crops (Ray, 2018). 

Water helps move nutrients from the soil throughout the plant and is critical to the production 

of plant food through photosynthesis (UCSB, 2012). 

Central Shenandoah Valley farmers will increasingly encounter extreme storms and 

flooding. Heavy downpours from storms are increasing in the amount of precipitation and 

frequency by more than 30% of the average from 1901-1960 (Figure 11). This correlates to 

an increase in floods because these areas are getting a large amount of water in a short 

amount of time (National Climate Assessment, 2014). The greatest danger to crops from 

flooding is oxygen deprivation. Roots in plants do not photosynthesize, unlike the rest of the 

plant, requiring the roots to consume oxygen and respire (UCSB, 2004). Water contains less 

oxygen than the air pockets in the soil, so when flooded, the crops do not receive enough 

oxygen. This reduces yield production and can cause plant death through deprivation of 

oxygen (U. Missouri, 2015). Another consequence of a low-oxygen environment is the 

performance of anaerobic respiration (similar to fermentation) by crops. Anaerobic 

respiration has a byproduct of lactic acid, which can be harmful to plants as it changes the pH 

of the cells, resulting in tissue damage and reduced productivity (U. Missouri, 2015).  

 An increasing impact of climate change on agricultural crops is an increase in pests 

such as harmful insects and funguses, all associated with longer growing seasons from 

increased temperatures and a warmer climate (Conrow, 2018). To combat this issue, farmers 

are likely to use more pesticides, which will not only add to the costs of farming but may 
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Figure 11. Heavy precipitation trends in the U.S. (National Climate Assessment, 2014). 
 

also pose a danger to the farmers and consumers. Negative effects generally present 

themselves over a long period of exposure from the bioaccumulation of these chemicals 

(Miller, 2005). 

          The total net income of all the farms in the CSPDC was $959 million in 2012. (U.S. 

Census of Agriculture, 2012) (Table 2). Approximately $85 million of this was associated 

with crop production, and this is a significant amount of income that has the potential to 

negatively affect the economy if profits drop (U.S. Census of Agriculture, 2012). Even 

though the number of farms in the CSPDC region remained relatively stable from 2007 to 

2012, the income from farms is still increasing (Table 2), underscoring the potential for loss.  

Despite the potential for climate change to reduce yields due to extreme weather 

events, overall yields are still increasing as a result of new technologies and better farming 

techniques that raise the production of farms (EPA, 2016). Even with the increased yield 

trend, though, climate change has already set production back by almost 30% in some years 

due to droughts and extreme weather events (EPA, 2016; Figure 12).  

The most common crops in the CSPD are corn, soybeans, and barley (U.S. Census of 

Agriculture, 2012). All of these crops are sensitive to environmental stresses such as droughts 

and floods because they were chosen for high yield capacity, not resiliency (Mustroph, 2018).  

In a Stanford study (Lobell 2016), it was determined that corn and soybean crops are 

especially sensitive to drought. At the current rate of sensitivity increase, it is predicted that 

crop yields could decline by 15% over the next 50 years, even though yields are increasing 

because of better farm practices (Lobell, 2016). 
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Figure 12. Crop yield fluctuations from extreme weather events 1960-2009 (EPA, 2016). 

 

Yield reduction of crops has economic impacts on farmers and the people who buy crops 

from them, as food prices will increase if the farmers experience a decline in yield (Sherony 

et al, 1991). 

The CSPDC region has already seen effects of crop loss in recent years. In 2017, the 

USDA’s Farm Service Agency (FSA) had corn indemnity payment rates of $45.83 to $63.60 

per acre in Rockingham, Augusta, and Rockbridge counties. These payments were distributed 

to farmers as compensation for corn losses that reduced their revenue below the guaranteed 

crop revenue set by the FSA (USDA, 2019). In the same year, the FSA distributed even more 

indemnity payments in the range of $23.71 to $33.85 per acre for wheat losses in the same 

counties and including Highland County (USDA, 2019). In 2015, the FSA’s soybean 

indemnity payment rates to Augusta County reached the maximum range of $51.71 to $76.10 

per acre (USDA, 2019). Indemnity payments to farmers have been increasing over the past 

decade and are expected to further increase into the future (USDA, 2018). As a result, farm 

insurance payments are likely to rise, which can negatively affect the economic status of 

farmers in the Central Shenandoah Valley (USDA, 2018). 

  

Crops Recommendations 

There are many strategies for adaptation to climate-related impacts on the Central 

Shenandoah Valley, including regulation, planning, information/education, tax incentives, 

ecosystem management, and community engagement tools (City of Lewes, 2011). The main 

strategies for the adaptation to agricultural crop impacts revolve around the events that 

influence production the most, such as droughts, floods, and increased pests from higher 

temperatures. Although droughts cannot be prevented, local governments can regulate the 
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water consumption during periods of drought to reduce the impacts on farmers. To 

discourage large quantities of water usage during droughts the government can also tax 

excess water use heavily, which will make more water available to farmers (City of Lewes, 

2011). To adapt for more frequent flooding, farmers should consider identifying areas on the 

farm that are prone to flooding and possibly create runoff ponds on their farm to limit the 

damage. This strategy can also be used along with rain gardens on areas near impervious 

surfaces that could potentially be adding more runoff to farms. Farmers might also consider 

loosening soil to allow more water to seep through the ground to prevent high levels of 

flooding. To manage increased pests on the farm, investment by farmers and local 

governments into genetically modified crops that are resistant to damages from pests are a 

promising way to reduce health effects from pesticides. They can also invest in safer and 

cheaper pesticides to decrease the effect of pests on crop production and human health. 

 

 Built Environment: Commercial Areas 

The commercial sector of the Central Shenandoah Valley will be affected by climate 

change. The history of flooding in the region is well-documented (CSPDC 2013), but with 

the predicted increase in precipitation and severe weather, property damage will increase. 

Many of the region’s commercial districts, downtowns, and factories can be found near water 

in vulnerable flooding areas. The cities of Waynesboro and Buena Vista have already 

experienced millions of dollars in flood losses by property damage, lost revenue and jobs 

(Figure 13; FEMA, 2017). These losses are due to combination of vulnerabilities found in 

building structures, in addition to their proximity to a hazard prone area. The monetary value 

of the built environment exposure throughout the CSPDC (Table 4) is an indication of 

potential losses. 

If a business or residence is in a FEMA-designated flood area, it is important to take 

precautions to avoid unnecessary additional damages. For example, without flood insurance, 

any flood damage costs will likely come out of pocket and be catastrophic to local businesses 

and their employees. Insurance can be expected to cost more in areas that are vulnerable to 

flooding. In many cases, relocation out of a flood zone is the most fiscally responsible long- 

term option. Another line of defense is retrofitting and flood-proofing existing buildings to be 

more flood resistant (FEMA, 2017). In the coming years, businesses and residences not 

previously located in an established flood zone must take precautions.  Even structures 

located in a low or moderate flood risk area, are five times more likely to experience a 
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. 

Table 4. Monetary vulnerability of structures within the CSPDC, organized by building occupancy (CSPDC, 2013) 

flood than a fire over the next 30 years (FEMA, 2017).  It is also important to note that 

properties not in a designated flood zone may also purchase flood insurance for their 

protection and often at a much lower rate.  As the severity and frequency of storms increase, 

flooding is possible outside of designated flood zones as well. 
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Figure 13. Flood prone areas in the City of Buena Vista. (FEMA, 2017). 

  

Commercial Areas Recommendations 

 Strategies for the commercial sector adaptations to climate change-related events 

include discouraging new construction in flood-prone areas; as flooding worsens, damage and 

higher insurance rates will follow. An effort should be made to inform businesses about 
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FEMA’s flood map tool, as flood zones will continue to increase. Businesses should be 

encouraged to invest in flood insurance to protect assets, and to avoid paying for damages out 

of pocket. The National Flood Insurance Program can cost less than $400 a year (FEMA, 

2017).  Businesses in flood-prone areas should be encouraged to invest in retrofitting and 

flood proofing buildings to limit damages. Businesses in areas that are shown to be extremely 

vulnerable by FEMA’s flood map tool should consider moving to an area less prone to 

flooding. New buildings being constructed should be built to be both wind and flood 

resistant, as the frequency of hurricanes and high wind storms in the area is expected to 

increase.  

 

Built Environment: Residential Areas 
The most likely climate change impacts to residential areas in the Central Shenandoah 

Valley are the increased frequencies of natural hazards such as flooding, hurricanes, and 

wildfires (CSPDC, 2013). Homeowners whose properties that have been damaged in a severe 

weather event have the option to claim recovery compensation. As outlined the 2005 CSPDC 

Hazard Mitigation plan, “recovery activities include rebuilding homes, businesses and public 

facilitates; clearing debris; repairing roads and bridges; and restoring water, sewer and other 

essential services” (Central Shenandoah Valley All Hazards Mitigation Plan, 2005).  In 2003, 

when the Hurricane Isabel recovery option was widely used, homeowners in the Central 

Shenandoah Valley had $12,114,793 worth of repair/building claims compared to 

$36,434,940 worth of total building value. $7,600,258 of those fees were devoted to building 

repair payments, while $4,514,535 were devoted to contents compensation payments (Central 

Shenandoah Valley All Hazards Mitigation Plan, 2005). A strong mitigation plan for dealing 

with natural hazards can help to reduce the need of such recovery plans.  At least 10% of the 

housing units in the CSPDC’s member counties are at risk from flooding (CSPDC, 2013). 

Increased precipitation that comes with climate change will most likely increase that number. 

The structural vulnerability value estimates and total loss estimates per the localities within 

the Central Shenandoah (Table 5, 6) are indicators of these impacts. 

Augusta and Rockingham counties could see $2.5 million in structural losses to 

flooding (CSPDC, 2013), while Bath, Highland, and Rockbridge counties combined could 

see less than 300 thousand. These numbers have the possibility to increase or decrease 

depending on both the variability in weather conditions and the manner in which the counties 

address flooding problems. Even though there is some investment in flood insurance,  
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Table 5. Structures at Risk due to Flooding 2013 (CSPDC, 2013). 

     
 

Table 6. Structure vulnerability and losses due to flooding (CSPDC, 2013). 
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vulnerable areas can still suffer great losses in the case of a severe storm.  Residential areas 

impacted by climate hazards are in need of adaptation programs. The CSPDC hosted a 

Floodplain Management Workshop to provide updated training on floodplain management 

requirements for localities (CSPDC, 2018). As identified in the workshop, the main issue in 

residential areas is flood risk. 

 

Table 7.  Building Stock Loss by General Occupancy (From HAZUS-MH) Hurricane Model (CSPDC, 2013).            

 

 

The metric of stock loss (how much value each area’s buildings have declined since 

bought value) is an indication of the impacts of severe weather on valuation. Predicted stock 

loss (per $1000) associated with hurricanes (Table 7) is significant for the Central 

Shenandoah Valley.  

 Wildfire is also a concern for the region.  Most of the high potential wildfire risk to 

communities and homes are in Rockbridge, Augusta and Rockingham counties because they 
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have higher populations and have more communities closer to forested lands. 71% of 

woodland homes are considered to have high potential for a wildfire, while 63% of woodland 

communities in the Central Shenandoah Valley are considered at high risk for wildfire 

(Tables 8, 9; CSPDC, 2013). This could increase as cycles of prolonged drought become 

common in this region.  

Table 8. Woodland Communities Wildfire Risk (CSPDC, 2013). 

 

 

Table 9. Woodland Homes Wildfire Risk (CSPDC, 2013) 

 

Residential Recommendations 

The well-being of communities should be a major priority in catastrophic situations.   

At issue is the lack of knowledge pertaining to important response procedures for each 

hazard. To address this, residential areas within each locality should have meetings that 

address past impacts and plan for hazards. The hazard most impactful to residential areas 

within all localities within the CSPDC region is flooding. What is needed is an up-to-date 
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response unit in case of floods and other hazards.  An example is the Community Emergency 

Response Team (CERT), a national program offered through FEMA. “The goal of CERT is 

for emergency personnel to train members of neighborhoods, community organizations or 

workplaces in basic response skills like disaster preparedness, fire safety, emergency first aid 

and crime prevention” (CSPDC, 2013).  CSPDC began offering CERT classes to the 

Staunton, Augusta and Waynesboro communities in September 2003. Since then, there have 

been 25 courses held resulting in a total of 423 trained volunteers (CSPDC, 2013).  This 

program should be encouraged in all localities within the Central Shenandoah Valley with the 

goal of training as many people as possible  

 Built Environment: Urban Areas  

 The CSPDC works with the cities of Buena Vista, Harrisonburg, Lexington, Staunton, 

and Waynesboro. Urban areas are at high risk for climate-induced hazards because of their 

dense populations and high levels of activity. There is a parallel between high populations 

with high levels of energy usage and climate hazard potential (U.S. EPA, 2014). Cities 

experience increased temperatures due to the amount of heat and emissions produced in a 

given day, creating urban heat islands. Energy is needed for heating/cooling buildings, 

electricity, and transportation.  Along with the high levels of energy use comes a high level of 

waste heat which is released from sources such as buildings and cars. It is important for cities 

to monitor their energy usage and make economically and environmentally suitable decisions.  

 
Table 10. Expected Increase in Population (Virginia Population Projections, 2019) 

Geography 

Name 

2010 Census Projected Population 

2025 2035 2045 

Buena Vista 6,650 7,089 7,298 7,455 

Harrisonburg 48,914 62,920 70,837 78,204 

Lexington 7,042 7,898 8,145 8,333 

Staunton 23,746 25,378 25,480 25,403 

Waynesboro 21,006 23,167 24,339 25,332 

 

According to the U.S. Census Bureau (2017), all the urban areas in the CSPDC’s 

jurisdiction except Buena Vista are expected to continue increasing in population (Table 10). 

As population increases, more heat will be produced through the movement of people and 

goods.  And, as the temperatures outside rise, so does the need for cooler temperatures inside. 
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This means the energy to heat buildings is in high demand:  about 1.5-2% more for every 1°F 

increase in air temperatures (U.S. EPA, 2014). This not only leads to high energy bills but 

can also bring with it climate hazards that can have impacts on the community. Extreme heat 

can cause health related illnesses in the population, higher levels of pollution and harmful 

chemicals, poor water quality from heated storm water runoff and in some cases can even 

cause death (U.S. EPA, 2014). According to the Centers for Disease Control and Prevention, 

more than 600 people in the U.S. alone are killed by extreme heat in cities every year (CDC, 

2019). With proper adaptation and changes made to the infrastructure of the city, the increase 

of temperatures in cities can be slowed to improve the general health and wellness of its 

people. 

High temperatures not only increase the likelihood of heat waves, but they can even 

cause more rain, which can lead to flooding. The heat causes pockets of air to rise and change 

the normal wind patterns, while the humidity pulls moisture into the air, forming rain clouds 

(NASA/Goddard Space Flight Center, 2002).  Excess rain, especially in a city, can lead to 

flooding and put the urban area at greater risk. In turn, this can lead to power outages, 

destruction of buildings, sickness/disease from flooded sewage, injury, and potentially even 

death (U.S. EPA, 2014). Fortunately, these outcomes can be avoided with the correct 

precautions and preparations. 

Low-lying areas that are prone to flooding under normal conditions will see an 

increased threat as precipitation rates increase with climate change. In the Central 

Shenandoah Valley, urban areas that have grown up around prolific springs and streams are 

especially at risk. For example, the City of Staunton’s West End community, with its low 

base flood elevation, is the focus of a flood probability study for the Lewis Creek floodplain 

(Fair, 2018). A flood insurance study of Augusta County (FEMA, 2014) identified runoff 

from impervious surfaces and inadequate drainage structures as sources of flooding in the 

City of Staunton, a problem that will be exacerbated by climate change-related precipitation. 

The same study identified the downtown area of the City of Waynesboro as vulnerable, due 

to the development of the large floodplains of the South River. In promoting flood protection 

measures, the Natural Resources Conservation Service (NRCS, 2005) described the impacts 

of four streams that flow through the City of Buena Vista, including ponding problems and 

overland flooding. At that time, NRCS predicted that a 100-year storm would flood 245 

residences, 70 commercial properties, and infrastructure, resulting in $9.5 million in urban 

damages. Urban areas within the CSPDC region will be affected by flooding, making the 
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availability of online mapping tool especially important for residents who must make 

decision about flood protection. 

It is easy to overlook the slight increase in temperature in the Central Shenandoah 

Valley and its impacts on urban areas because the effects have not yet become detrimental to 

residents. However, as the temperature rises and populations continue to rise, so too will 

hazardous conditions (McCarthy, 2010). 

There are many options for an urban area to change the way it combats and prepares 

for the increasing hazards, including green rooftops, LED lighting, insulation, and changing 

the color of the city’s surfaces so that they reflect (and not absorb) the sun’s rays (Hawken, 

2018). These adaptations not only influence the environment of the cities, but also have 

potential to be economically beneficial to the urban development (Hawken, 2018).  

 

Urban Recommendations 

One practice that can help to lower temperatures in the atmosphere of urban areas and 

help to absorb some of the rainfall is planting vegetation on the roofs of buildings. The 

foliage helps to protect the roof from the sun’s rays, while at the same time sequestering 

carbon and filtering the air. Plants also need a lot of water to survive, so instead of the rain 

water going down a storm water system, it can be absorbed by the plants. Not only are green 

roofs helpful to the environment of the urban area, but they can also have economic benefits. 

It is estimated that if 30% of the roofs in cities around the world were vegetated, the cities 

would not only reduce the temperature of rooftops and cool buildings, but also produce 

$988.5 billion dollars in net savings (Hawken, 2018). Green roofs are just one of the many 

measures that can be taken to help a city lower its risk of hazards induced by high 

temperatures, all the while saving money by reducing the amount of energy needed to heat 

the inside of buildings. 

Insulation is another important development that can help an urban area reduce the 

amount of waste heat it produces as well as save money in the long run. Pockets of 

temperature move from warm to cold and vice versa depending on the time of year and the 

temperature inside and outside (McCarthy, 2010). Without enough insulation, heat will 

escape the building in the winter and the cool air will leave through the cracks of the building 

in the summer, causing the heaters and air conditioners to work harder and expend more 

energy. It is easy to determine whether a building is insulated properly. If it is not, insulation 

can be added to structures under construction or standing buildings. Insulating a building is 
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relatively cheap and can save money on utility bills, help to keep moisture out of the air, and 

improve overall air quality (Hawken, 2018). 

The final measure that can be taken to not only help the cities in the Shenandoah 

Valley reduce the amount of waste heat, but also save money in the long run is painting the 

rooftops of buildings or the pavement white. Cities are typically black and grey in color, 

absorbing heat from the sun and increasing temperatures within these buildings.  By painting 

the surfaces of the pavement and rooftops white, the sun’s rays are reflected into the 

atmosphere, keeping the building cooler than if the surface were black. One of the biggest 

reasons that cities have higher temperatures than the surrounding suburbs is that the buildings 

trap the heat in overnight (Hawken, 2018). Night time temperatures in cities have been 

recorded to be as high as 22°F warmer than the surrounding suburban neighborhoods (U.S. 

EPA, 2014). Painting the rooftops or city walkways white will help to lower the temperature 

of that individual buildings and the city overall. 

 

Recreation 

People travel from all over the country to visit Shenandoah National Park (SNP) each 

year and in return stimulate the economy. The counties within the CSPDC region that have 

lands included in SNP, Augusta and Rockingham, especially benefit from its visitation. The 

National Park Service (NPS) reported that in 2017 over 1.45 million patrons  

 

Figure 14.  Entrance to George Washington National Forest (USDA Forest Service) 
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visited Shenandoah National Park, which contributed over $125 billion to the local economy 

(Comer, 2018). This economic boost has been felt across widely the Valley. The NPS claims  
that within 60 miles of SNP, economic effects include over $18 billion in spending across the 

local community, over $35 billion to the national economy, and the creation of 
hundreds of thousands of jobs nationally (Comer, 2018). Tourism is an essential economic 

sector for the Central Shenandoah region, which means that the impacts of climate change on 

these natural and cultural settings will reverberate through communities. In areas where 

recreation spending is a large share of the economy, as in rural communities, climate-induced 

changes in economic impacts will be significant (Askew & Bowker, 2018).  Impacts to the 

tourism industry will be detrimental to the economy of the area because so many families are 

financially dependent on business generated from tourists and recreation-centered activities.

 National Parks are an important source of revenue for the areas surrounding park 

boundaries. In the United States in 2018, more than 318 million people visited parks across 

the nation. One of the top grossing US National Parks falls within the CSPDC region: The 

Blue Ridge Parkway, which competes with parks like Grand Canyon National Park, 

Yosemite National Park, and Yellowstone.  The Blue Ridge Parkway, which extends through 

portions of Augusta and Rockbridge counties, was surpassed by the Golden Gate Bridge and 

was ranked number two in 2018 (NPS, 2019 ). George Washington and Jefferson National 

Forests are important recreation areas for the Central Shenandoah Valley (Figure 14). Within 

the four Ranger Districts included in the CSPDC region (Glenwood-Pedlar Ranger District 

that serves Augusta and Rockbridge counties; Lee Ranger District serving Rockingham 

County; North River Ranger District serving Augusta, Highland, and Rockingham counties; 

and Warm Springs Ranger District serving Bath and Highland counties), both developed and 

undeveloped campsites are spread through the forest.  There are opportunities for four-

wheeling and off-roading, horseback riding, hiking, fishing, hunting, and more (USDA, 

2019). The U.S. Forest Service has 6 recreation areas around Lake Moomaw that are enjoyed 

by the general public. Lake Moomaw is stocked with over 14 types of fish which has grown 

to make the lake and surrounding recreation areas a draw for sport fishing (DGIF, 2019). 

Changes to the local climate will impact fish populations in Lake Moomaw, among other 

lakes, rivers, and streams across the region, because of the sensitivity of cold water fish 

species to warmer waters and changes in water pH (CSPDC, 2015).     

As this region gets warmer and wetter, winter recreation activities like skiing, 

snowboarding, and snow tubing will suffer from shorter seasons, a rise in artificial snow use, 

and higher costs to the tourism industry because of more measures being taken to provide for 
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a cold, snow-filled season (U. of Arizona, 2019). At Massanutten Ski Resort, located in 

Rockingham County, the natural snow season is estimated to be only a day or two in length 

because of a warming climate, and the Resort relies on a “snow gun” to provide enough snow 

for all the ski and tubing slopes for the rest of the winter recreation season (Jenner, 2018). 

According to the State Climatology Office, every 10 years the number of cold winter days 

has dropped by more than 7 days which reveals that this region of the state is seeing fewer 

freezing days and nights and a rising average temperature (Jenner, 2018).  Resorts like the 

Homestead Ski Area in Bath County are becoming proactive in the climate change discussion 

as one of several hundred organizations supporting the “We Are Still In” coalition and taking 

measures to limit carbon dioxide and greenhouse gas emissions (CTA, 2013; Ceres Policy 

Network, 2019).   

 The unique conditions of the Shenandoah Valley such as its topography, highly 

variable precipitation across short distances, and a wide variety of soil types all contribute 

toward variation in climate-related impacts, both in intensity and frequency (Nash, 2019). As 

this region becomes more vulnerable to climate change, more financial strains will be placed 

on the region, its workers, and public lands resources.  The impacts most likely to affect 

Shenandoah National Park, the Blue Ridge Parkway, George Washington and Jefferson 

National Forests, or neighboring public lands include heavy precipitation and flood events, 

wildfire, extreme winds, and debris flows (Nash 2019).  Also, shifts in seasonal patterns 

associated with climate change will impact tourism tied to the well-known four-season 

climate of the Virginia uplands (Nash, 2019). A comparison of the Blue Ridge Parkway to 

other well-known parks in the U.S., in terms of income from human labor, number of jobs 

created, the economic output stimulated by the parks, the amount of spending by visitors to 

the park, and total value added to the economy (Table 11) shows that the Central Shenandoah 

Valley benefits from these resources. 

 Unfortunately, severe weather events can cause closures of recreation areas, loss of 

tourism, loss of public lands, and alterations to public spaces many Virginians use for 

recreational purposes year-round (U. of Arizona, 2019). As the climate shifts and 

temperatures continue to rise, changes in available land use and shifting population centers 
will begin to impact the Valley. Targeting specific recreation locations helps officials focus 

adaptation strategies on public lands and natural resources that are most vulnerable. 
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Table 11. Comparison of popular sites from ranking of The Top 15 US National Parks by economic 
contributions across different categories (Visitor Spending Effects NPS, 2019). 

Recreation Recommendations 

Conservation efforts that focus on protecting lands for future generations should be at 

the forefront of any climate adaptation strategy applied to recreational areas. Conservation of 

public lands and forested areas are essential when planning for the future of Virginia in terms 

of climate adaptation. The management of resources, specifically the creation of long-term 

plans for all different land use areas, will result in long-term benefits to the Central 

Shenandoah region. Programs that combine efforts from government, non-governmental 

organizations, academic institutions, and the general public will result in more thorough 

plans, increased outreach and education among local citizens which will result in better, more 

informed policy as an outcome (NWF, 2018). 

Additionally, there are technical solutions that can be implemented to at risk areas to 

prevent future devastation, including storm water treatment, the addition of Green 

Infrastructure to urban and rural areas, raising roads, and flood buffer technology. 

Specifically, employing a technique like Green Infrastructure can guide floodplain 

management strategies and reduce the stress on local water supplies by integrating rain 

gardens or “green streets” (Green Infrastructure, 2016). Benefits to implementing Green 

Infrastructure techniques include reduced incidents of flooding, increased preparedness for 

times of drought, lessened heat island effect in cities, reductions in energy demands and 

indoor air temperature from adding shading to buildings, and reductions in water 

pumping/treatment that will lessen spending on water management (Green Infrastructure, 

2016). 

Park Name Labor Income 
(USD) 

Jobs  Economic Output 
(USD) 

Visitor Spending 
(USD) 

Value Added 
(USD) 

Blue Ridge 
Parkway 

$459 million 15.4 k $1.4 billion $1 billion $786 million 

Grand Canyon $329 million 9,420 $938 million $667 million $582 million 

Yosemite $205 million 6,670 $589 million $452 million $336 million 
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Climatic variations caused by increasing global temperatures are already impacting  

the Shenandoah Valley and will have a widespread impact on recreational and economic 

activity across the region. The Shenandoah Valley is rich in natural beauty, outdoor 

attractions, millions of acres of public land, and outdoor recreation including hunting, fishing, 

and boating. Historically, this region has been vulnerable to flooding, drought, and severe 

weather events that can have a lasting impact on outdoor recreation spaces and increase 

financial resources required to manage impacts from these events (CSPDC, 2013). Droughts 

impact communities directly by straining crop production, lowering the viability of livestock, 

and stressing local water supplies.  Droughts also have secondary effects, such as fewer 

opportunities to participate in water recreation activities which will have a lasting negative 

impact on tourism as well as the local economy and livelihoods of local residents (U. of 

Arizona, 2019). Another hazard relevant to the region is flooding which could result in 

property loss or heavily polluted storm water. Secondary impacts from higher-than-average 

water levels allow for more opportunities for warm weather water recreation but with fewer 

opportunities for winter recreational activities, like skiing and snowboarding, because of less 

below-freezing days as well as a shorter winter season (U. of Arizona, 2019). 

 

Forestry         

 Forests are highly productive ecosystems that can be used for raw materials and 

ecosystem services such as filtering air pollutants, sequestering carbon, and protecting water, 

(Paul, 2011). Over half (62%) of Virginia’s lands are forestland and most of that forested 

land is owned privately, with only a small percentage owned by forestry related companies. If 

impacts of a changing climate force people from their homes and more humans migrate to the 

CSPDC region there will be changes for the forests and land use across the region. Rising 

populations have a negative effect on land availability because more residents must have 

more space to support the population growth. Farmland, forested lands, and rural spaces are 

the undergo development to meet the need for more housing complexes, businesses, and 

infrastructure. Over 1 million acres of undeveloped land in Virginia has been developed since 

1987 (Paul, 2011). While this number is expected to continue to rise, conservation efforts 

have been increasing to protect ecosystem services, resources, as well as public, forested, and 

other lands that could be degraded or destroyed by construction projects and development.  

Wildfires are another hazard that poses a significant risk to this region. Each year 

from 2008 to 2017, The Virginia Department of Forestry (VDOF), put out hundreds of fires 
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that resulted in approximately 12,000 acres of burned lands annually. Most of these fires are 

set by humans and cause loss of life, resources, and land (NPS, 2015). Within the Central 

Shenandoah Valley, the Ranger Districts are responsible for National Forest management, 

projects, and planning. Much of the area under the jurisdiction of the Ranger Districts is 

remote, which has made it a popular recreation destination having over 3 million visitors 

come to George Washington and Jefferson National Forests every year (USDA, 2019). As 

climate change hazards intensify over the coming years, the 1.8 million acres of public forest 

land will be at a higher risk (USDA(b), 2019). Additionally, the most vulnerable species and 

habitats are Appalachian (hemlock)/northern hardwood forests, large stream floodplain, 

riparian forests, small stream riparian forests, and spruce/fir forests (Butler, 2015).  Whether 

future population growth will result in land clearing and development, or tree species will off 

from climate-induced hazards, the region’s forests are at risk. 

 
Forestry Recommendations  

Forestland conservation efforts are driven because the forestry industry is credited 

with providing $21.5 billion in revenue for Virginia (DOF, 2018). Educating landowners 

about the value of passing their land down to the next generation of foresters, through 

programs like Generation NEXT, is one way to improve conservation efforts statewide 

(VDOF, 2018). Educating residents about the environmental and economic benefits 

forestlands provide will help grow additional efforts of conservation. 

Water Availability        

 As a result of warmer days, warmer water temperatures will be measured in streams 

and rivers of the region, and less vegetation will shade river areas, which will lead to declines 

in local populations of freshwater fish native to the region, including brook trout, which is a 

staple to the Blue Ridge Mountains and Shenandoah Valley (CSPDC, 2015). In addition to 

threats posed to wildlife, rising temperatures will also put more stress on how Virginians 

access and allocate available fresh water. Virginia’s Department of Environmental Quality 

(DEQ) has several measures in place that protect water across the state and aims to provide 

clean water for years into the future for residents. Specifically, the Water Supply Planning 

Program plans for water availability, the use of alternate sources of water, and protection of 

water across Virginia (DEQ, 2019). In the natural environment, the presence of wetlands, 

forested lands, and reservoirs are ecosystem resources that are highly undervalue. It is 

estimated that reservoirs in Virginia are valued at over $200 million in ecosystem services. 
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These reservoirs play a crucial role in regulating the water supply and storing water naturally 

that can be used for human consumption and industrial operations, among other sectors (Paul, 

2011). 

Water Availability Recommendations  
 
As water resources become more strained across the Central Shenandoah Valley 

region, alternate sources of water must be identified to help ease planning efforts.  Incentives 

will be applied to limit/decrease water use in the area, and innovative solutions will need to 

be promoted to guarantee that every locality has a nearby water supply equipped for a 

growing population.  Plans for the future of that supply must consider projected population 

values so each locality can plan accordingly for necessary changes (DEQ, 2019). A Virginia 

State University College of Agriculture research project predicted that as climate change 

impacts intensify, they will bring more precipitation and more extreme temperatures.  As a 

result, the availability of good quality, clean water supplies for the region may be 

compromised (Logan, 2019). 

 

Social Impacts 

 Environmental Justice 

“Environmental justice is the fair treatment and meaningful involvement of all people 

regardless of race, color, national origin, or income, with respect to the development, 

implementation, and enforcement of environmental laws, regulations, and policies. This goal 

will be achieved when everyone enjoys: the same degree of protection from environmental 

and health hazards, and equal access to the decision-making process to have a healthy 

environment in which to live, learn, and work” (US EPA, 2019). 

  As more frequent and severe weather events occur in the Shenandoah Valley, it will 

become necessary to consider the ways in which these impacts differentially affect 

communities.  Citizens of the respective localities will be impacted differently because of 

variations in geography (e.g., low-lying, flood-prone areas) and in the ability to respond.  The 

evaluation of issues of environmental justice requires an understanding of differences in 

economic well-being, resource allocation, and education, especially during the aftermath of 

an environmental disaster or severe weather event. Statistically, low income communities 

take longer to recover from environmental catastrophes than economically prosperous areas, 
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(Jones, 2011). Rural communities are often geographically isolated and suffer a greater 

impact of environmental hazards than other communities in more heavily populated and 

industrialized areas. Rural communities in Virginia are not guaranteed the same protections, 

access to federal aid, and are controlled frequently by outside corporations that drive the local 

economy from which they profit (Jones, 2011). The added vulnerability to environmental 

degradation is sometimes attributed to the residents’ choice to live in a rural community, 

instead of long-term inequities that are magnified by environmentally hazardous conditions 

(Jones, 2011). These areas can be identified using data on about poverty rates, income, and 

percentage risk of suffering from local hazards. With this information, planners can suggest 

changes to policies and budgets to close gaps and protect more citizens’ lives and livelihoods. 

United Way of Northern Shenandoah Valley, the local program of the national 

organization, created an acronym, A.L.I.C.E. or “Asset Limited, Income Constrained, 

Employed,” which serves residents in the Central Shenandoah region who fall just above the 

poverty line but are not considered financially stable. An interactive ALICE Map has 

compiled research from across Virginia and enumerates at the county and city level the 

specific areas that have fallen below the ALICE threshold. Specifically, this tool can map the 

“Geographic Distribution of Vulnerable Populations” and pinpoint the exact locations of 

increased vulnerability within every county and city in the Commonwealth of Virginia 

(ALICE, 2019). Specific “Places” within each county and city that fall below the ALICE 

Threshold are shown for the CSPDC region (Table 12).  

Regionally, one of the most important issues to address is equality of opportunity, 

meaning that all citizens in these localities, regardless of race, income, and location are 

entitled to the same coverage under any regulations and policies and are treated fairly when 

enduring physical and economic losses (EPA, 2019). In New Orleans, Louisiana after 

Hurricane Katrina in 2005, low income communities suffered for over 10 years after the 

storm hit. More recently, Hurricane Harvey in 2017 caused millions of dollars of devastation 

to poor communities because of insufficient federal aid, under-preparedness by local entities, 

and lack of infrastructure. These disadvantaged groups were systematically stunted and 

recovery efforts slowed or stopped altogether because many homeowners did not have flood 

insurance to protect them from damages incurred from hurricane destruction or the financial 

stability to afford the costs of natural disasters. Additionally, low-income groups tend to be 

pushed toward the floodplain and other damage prone areas because of exceedingly high 

property costs in more advantageous and better prepared areas because of their 
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Table 12.  ALICE Map Data for CSPDC Region (ALICE, 2019). 

 Augusta Bath Highland Rockbridge Rockingham Staunton 
City 

Lexington Buena 
Vista City 

Harrison-
burg City 

Waynes
-boro 
City 

Total 
House-
holds 

29,664 2,104 1,121 9,277 31,186 10,383 1,856 2,709 16,626 9,044 

% 
Poverty 

9 11 12 12 10 14% 19% 26% 26% 14% 

% 
ALICE 

29 25 27 31 29 34% 25% 38% 38% 31% 

% 
above 

ALICE 
Thresh-

old 

62 64 61 57 61 52% 56% 36% 36% 55% 

  

affordability (Krause, 2017). 

Since the Central Shenandoah region is agriculturally-centered and rural in nature, it 

poses its own unique issues of environmental justice. Understanding how environmental 

justice shapes community planning, legislation, funding, and recovery is crucial because it 

will help these counties improve their adaptation strategies to benefit the greatest number of 

citizens when climate occurrences disturb daily life. 

Environmental Justice Recommendations 

When addressing issues of environmental justice, it is important that planning efforts 

are at the forefront. More detailed comprehensive plan hazard mitigation and adaptation 

strategies, planning for possible situations, and covering all necessary bases are the best way 

to be adequately prepared for the pending impacts of climate change. Since many citizens 

may not understand their associated risks of living in the Central Shenandoah Valley region, 

they also may not know how to prepare themselves, their homes, businesses, and 

communities for disaster. As a result, increasing outreach and education across the 

community will ensure that citizens do more on their own to protect themselves as well as 

become more informed.  

 

Food Deserts         

 Food Deserts are defined by the U.S. Department of Agriculture as “areas where 

people cannot access affordable and nutritious food” (Virginia Tech, 2014).  Food deserts are 
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an issue of environmental justice because they are usually located in rural regions that have 

higher rates of poverty and low-income residents (Virginia Tech, 2014; CDC, 2019). Within 

CSPDC’s service area, there are several pockets within the counties and most of the cities 

where residents do not have equal access to healthy food that meets all nutritional 

requirements (Dutko, 2012; Virginia Tech, 2014). Factors that contribute the most to the 

prevalence of food deserts are the lack of public transportation (or transportation, in general), 

lack of available retail food locations within a 10-mile vicinity in rural communities, and low 

incomes of resident in those communities (Dutko, 2012; Virginia Tech, 2014).  

 

Food Desert Recommendations 

 Food deserts formed because inequalities across space, lacking grocery infrastructure, 

and little/no access to adequate transportation. Recommendations for reducing food deserts 

include: creating shared resources like a community garden, hosting local farmer’s markets 

where residents can buy affordable, fresh produce and meat, establishing food banks/food 

pantries for in-need community members, starting a garden, and growing your own food. 

(CDC, 2019, Virginia Tech, 2014). Additionally, a program could be implemented to grant 

money to areas designated as food deserts to decrease the amount of Virginian’s who are 

considered food insecure. Addressing food deserts could provide healthy food to community 

members across the CSPDC’s jurisdiction who are suffering adverse health effects (including 

increased rates of obesity) from inadequate food availability (Hall & Berti, 2019; Virginia 

Tech, 2014).  

 

Coastal Migration and Future Population 

 Sea level rise will impact many urban areas across the globe.  For example, in the 

United States, nearly 40% of citizens live in “high population-density coastal areas” 

(Lindsey, 2018). Around the world there are large numbers of people who will be at risk of 

displacement over the coming years due to sea level rise.  People displaced by sea level rise 

are known as environmental refugees, a term coined in the 1970s for people who could no 

longer inhabit their land due to dangerous environmental conditions (Doran, 2015). However, 

environmental refugees do not fall into the traditional definition of refugee, which has 

allowed for debate around the legitimacy of climate refugees (Doran, 2015). For this reason, 

there is not an international infrastructure set in place for this type of refugee to find a place 
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Figure 15. Food Deserts showing Low Income & Low Access Areas in the CSPDC region (Ploeg, 2017). 
 

 

of asylum. Nevertheless, 25 million climate refugees currently exist, and this number is 

expected to increase to 200 million by 2065 (Doran, 2015). 

The largest city in Virginia is Virginia Beach. This coastal city has 35 miles of 

shoreline (City of Virginia Beach, 2017) and an estimated 450,435 citizens within the 248-

square mile radius (U.S. Census Bureau, 2018). Here, sea level rise has the potential to 

displace thousands of people within this city alone. Other coastal or tidewater cities within 

Virginia will face an important question in the coming years: where will environmental 

refugees go? 

Climate change will also exacerbate the frequency and intensity of natural disasters, 

including floods and hurricanes. Along with other natural disasters, the number of 

environmental refugees is expected to spike in coming years causing a global crisis. The 
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CSPDC has population projections for the next 25 years (Table 13).  However, the 

uncertainty that comes with this issue makes it hard to predict just how much population in 

the area may grow due to environmental refugees. Current projections place the growth in 

climate migrants for Augusta, Bath, and Rockingham, anywhere between 1 and 50,000 new 

residents, while in Rockbridge and Highland there is no significant expected increase (Hauer, 

2017). 

 

Table 13. Projected populations in the Central Shenandoah Planning District (CSPDC, 2013). 
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