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assigned where data existed for at least two time periods separated by an ecologically significant 
span or was based on qualitative assessments using historical information, photographs, anecdotal 
evidence, or professional opinion. There was sometimes a degree of correlation among indicators for 
a focal resource. In a few cases, the trend assigned to an indicator was influenced by the data for a 
correlated indicator. For example, traffic trend data influenced the trend rating for anthropogenic 
noise levels.  

The level of confidence assigned to each indicator integrated the comfort level associated with the 
condition and/or trend rating assigned. A lower confidence (i.e., higher uncertainty) could have been 
assigned where modeled data had considerable uncertainty or numerous assumptions, where changes 
were small and no quantitative data were available, where statistical inference was poor (e.g., as is 
often the case where sample sizes were inadequate), where interannual or seasonal variability was 
very high or unknown, where detectability was difficult when monitoring (e.g., some plants and 
birds), where only several closely spaced data points were available for trend determination (e.g., 
invasive exotic plant sampling only several years apart and only 2 periods available), or where a very 
small proportion of the reference frame or population of interest was sampled (in time or space), 
which influences the representativeness of the sample (e.g., the timing and length of attended 
listening data for natural sounds analysis). Lack of information/data may have resulted in an 
unknown condition rating, which was often associated with unknown trend and low confidence.  

The climate change indicators were not assigned a status or trend, but were included for context and 
as a possible resource stressor. For some resources, the estimated vulnerability was used as a trend 
indicator along with other indicators. We used climate change vulnerability only as an indicator of 
trend for focal species and communities of interest.  

3.2.5. Symbology and Scoring4 
This NRCA used a standardized set of symbols to represent condition status, trend and confidence in 
the status and trend assessment (Table 3.2-2, Table 3.2-3). This standardized symbology provided 
some consistency with other NPS initiatives such as State of the Parks and Resource Stewardship 
Strategies. 

The overall assessment of the condition for a focal resource was based on a combination of the status 
and trend of multiple indicators and specific measures of condition. A set of rules was developed for 
summarizing the overall status and trend of a particular resource when ratings were assigned for two 
or more indicators or measures of condition. To determine the combined condition, each red symbol 
was assigned zero points, each yellow symbol was assigned 50 points, and each green symbol was 
assigned 100 points. Open (uncolored) circles were omitted from the calculation. Average scores of 0 
to 33 warranted significant concern, average scores of 34 to 66 warranted moderate concern and 
average scores of 67 to 100 indicated the resource is in good condition. In some cases, certain 
indicators were assigned larger weights than others when combining multiple metrics into a condition 
score. In these cases, the authors provided an explanation for the weights applied. 

 
4 Adapted from NPS-NRCA Guidance Update dated January 14, 2014.  
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Figure 4.1-11. Index of Ecological Integrity values within 30 km (left) and 3 km (right) of John Dickinson Plantation. Data from University of 
Massachusetts Landscape Ecology Lab. 
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Land Cover and Land Use Summary 
Overall, the park faces similar threats and stressors to other areas in this region. Most of these land 
cover and land use-related stressors at FRST and in the larger region are related to the development 
of rural agricultural land and increases in population/housing over time (Table 4.1-14). This trend in 
land development, coupled with the lack of significantly sized and linked terrestrial protected areas, 
is of substantial concern for the conservation of the natural resources of FRST, including natural 
night skies, natural sounds, and scenery. This summary of land cover and land use metrics provides a 
useful context of known stressors, supports resource planning and management within the park, and 
provides a foundation for collaborative conservation with other landowners in the surrounding area.  

Table 4.1-14. Summary for landscape context indicators, First State National Historical Park. 

Land Cover and Land Use Indicator 

Summary Notes Integrating Results for 3 km, 30 
km, and Contributing (Upstream) Watershed 
Areas of Analysis 

Land cover 

Extent of Anderson Level II 
classes 

Most of the acreage within 3 km of Brandywine 
Valley is deciduous forest, followed by developed 
open space. For John Dickinson Plantation, 
cultivated crops are the largest non-water land cover 
class for both the 3 km and 30 km buffers. 

Extent of natural vs. 
converted land cover 

The proportion of converted acreage surrounding 
FRST is high (approximately 60%) within Brandywine 
Valley’s 3 km and 30 km buffers and John Dickinson 
Plantation’s 3 km buffer. This can be attributed to the 
heavy agricultural use of the surrounding area, which 
is mostly cropland with some hay/pasture. 

Current and projected 
development intensity 

An increase in development intensity is expected 
within the contributing watershed between 2011 and 
2070. In addition, New Castle County (which contains 
Brandywine Valley) is listed as a “Fast Growth Metro 
Area.” 

Impervious surface area 

Most of Brandywine Valley’s contributing (upstream) 
watershed is classified as having 0–2% impervious 
surface area. As a benchmark for future analysis, 
approximately 21.05% of the contributing (upstream) 
watershed of Brandywine Valley was classified as 
having >25% impervious surfaces, the majority of 
which is concentrated near the US-30 highway near 
Lancaster, Pennsylvania. 

Population and Housing Population total and density 
by census block group 

Population density within 30 km of Brandywine Valley 
is low to moderate, with most of the area within this 
30 km radius having a density of 21–750 people/km2. 
The population density around John Dickinson 
Plantation is lower, with more than 60% of the 30 km 
buffer having a density of 1–75 people/km2. 
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Table 4.1-14 (continued). Summary for landscape context indicators, First State National Historical Park. 

Land Cover and Land Use Indicator 

Summary Notes Integrating Results for 3 km, 30 
km, and Contributing (Upstream) Watershed 
Areas of Analysis 

Population and Housing 
(continued) 

Historic population total by 
county 

Historically, the three counties containing Brandywine 
Valley (New Castle County, Delaware, and Delaware 
County, Pennsylvania) and John Dickinson 
Plantation (Kent County, Delaware) have all grown in 
population since the early 1900s, with the counties 
surrounding Brandywine Valley growing more rapidly 
since at least 1950. 

Historic and projected 
housing density 1970–2010 

Within a 30 km radius of Brandywine Valley, the most 
notable trend is an increase in exurban areas and a 
corresponding decrease in rural acreage. Forecasts 
of housing density near Brandywine Valley predict a 
transition from exurban to suburban from 2020 to 
2050, although not as drastic as the past changes in 
rural to exurban acreage. A similar transition from 
rural to exurban also occurred within a 30 km radius 
of John Dickinson Plantation from 1970 to 2010. This 
trend is predicted to continue through 2050, in 
contrast to the forecasted exurban to suburban 
transition surrounding Brandywine Valley. 

Conservation Status 
Protected area extent and 
biodiversity protection 
status 

Only a small portion of the land-based acreage in the 
region surrounding the park is protected through 
ownership or conservation easements. The majority 
of land surrounding FRST units is private agricultural 
land (which generally have a low biodiversity 
protection level and limited conservation value) and 
various types of development. Agricultural land is 
also more readily developed than some other types 
of land. The paucity of linked and adequately sized 
protected lands within the region underscores the 
critical value of the park (especially Brandywine 
Valley) as a conservation island within a highly 
altered landscape. 

Ecological Integrity and 
Resilience Index of ecological integrity 

Within Brandywine Valley’s 30 km buffer, most 
natural areas have moderate to low ecological 
integrity typical of an urbanized landscape. Within 
and near Brandywine Valley’s 3 km buffer, pockets of 
moderately high and high value landscapes exist, 
especially within the boundary of Brandywine Creek 
State Park to the south. For John Dickinson 
Plantation’s 30 km buffer, the area still contains 
mostly moderate to low quality natural area, except 
for some higher quality tidal and coastal wetlands to 
the north and south of the plantation. 
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4.1.4. Uncertainty and Data Gaps 
The primary source of uncertainty is associated with assumptions regarding the relationships between 
land ownership and conservation status. Although information about ownership and protection status 
can be useful, the degree to which biodiversity is represented within the existing network of 
protected areas is largely unknown (Pressey at al. 2002). Protection status and extent must be 
combined with assessments of conservation effectiveness (e.g., location, design, and progress toward 
conservation objectives) to achieve more meaningful results (Chape et al. 2005). 

4.1.5. Sources of Expertise 
• Bill Monahan, Ph.D., NPS Inventory and Monitoring Division, Fort Collins, Colorado. Dr. 

Monahan provided NPScape data summaries and consulted on the selection and use of 
various metrics. 

• Additional data came from the Delaware River Basin Project and the University of 
Massachusetts Landscape Ecology Lab. 
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4.2. Climate Change 
4.2.1. Background and Importance 
Climate change is increasingly recognized as a major stressor of biological taxa, communities and 
ecological systems. Understanding the magnitude and effects of changing climate is essential within 
the NPS to “manage for change while confronting uncertainty” for developing new management and 
adaptation strategies (NPS 2012) and is a significant scientific component of the NPS Climate 
Change Response Strategy (NPS 2010).  

An NPS Climate Change Resource Brief (NPS 2014) based upon research from Monahan and 
Fisichelli (2014) maintains that the local climate near Valley Forge National Historical Park (VAFO; 
approximately 25 miles north of the Brandywine Valley unit of First State National Historical Park 
(FRST)) is already getting hotter and wetter. Climate change may also affect visitation patterns at 
NPS units in the region (NPS 2015). An overall increase in visitation (5–14% annually) as well as 
increases in both peak season (3–9%, defined as the three busiest contiguous months) and shoulder 
season (11–20%, defined as the two months prior to and the two months following peak season) may 
require park management to alter planning schedules. An expansion in the visitation season of 12–24 
days could also lead to staffing shortages and altered seasonal worker rotations (NPS 2015). 

Overall climate change vulnerability for a particular resource considers a combination of exposure, 
sensitivity, and adaptive capacity (Glick et al. 2011). The synopsis of potential changes to the park’s 
climate presented here characterizes the “exposure” component of resource vulnerability. We 
characterize climate using modeled future climate scenarios, but potential resource vulnerability and 
management implications are based on the relative amounts and directions of changes rather than 
specific magnitudes or thresholds of change. Although the park can do its part to mitigate greenhouse 
gas emissions and optimize the efficiency of park operations vis a vis greenhouse gases, climate 
change and its associated effects on park resources are largely out of the control of park managers. 
The impacts of climate change are already evident and will require an evaluation of the vulnerability 
of park resources. Moreover, specific and diverse adaptation measures for some park resources may 
be necessary to mitigate effects of climate change and transition to future climatic conditions (NPS 
2012).  

Threats and Stressors 
Increases in atmospheric greenhouse gases are resulting in changes in global, regional, and local 
climates. Changes in the amounts and patterns of temperature and precipitation have numerous direct 
and indirect effects on environmental conditions and biota. For instance, as the climate changes, an 
increase in the frequency of extreme weather is likely.  

The frost-free season, defined as the period between the last occurrence of 32°F in the spring and the 
first occurrence of 32°F in the fall, has been gradually lengthening since the 1980s (EPA 2012). The 
length of the frost-free period, which corresponds to an area’s growing season, is an important 
determinant of which plants will grow and flourish in a region (Walsh 2014a). Increases in 
temperature are responsible for plants flowering earlier in the spring and the delayed onset of 
dormancy in autumn (Monahan et al. 2016). This affects not only synchrony among plants, 
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pollinators, and complex evolutionary adaptation, but can shorten (or lengthen) a plant’s growing 
season. Phenology also plays an important role in the amount of water released to the atmosphere via 
evapotranspiration, sequestration of carbon in new growth, and the amount of nitrogen utilized from 
the soil (Ibanez et al. 2010).  

Indicators and Measures  
• Temperature changes from baseline – mean annual, seasonal changes 

• Precipitation changes from baseline – total annual, very heavy events 

• Aridity – Palmer Drought Severity Index (PDSI) 

• Frost-free period – changes from baseline 

4.2.2. Data and Methods 
We apply a variety of data and analysis approaches to characterize the climate during the historical 
period of record and examine possible changes in climate in the region. A combination of site-
specific and regional results is presented. Due to a lack of data at FRST, Valley Forge National 
Historical Park is used as a proxy for climatic conditions at FRST for the site-specific analyses. 
Valley Forge National Historical Park is relatively small at 3,500 acres, with minimal local 
topographic relief. Therefore, climatic variation within VAFO is low. The same is true for FRST, 
with the largest property (Brandywine Valley) just 1,105 acres in size. Consolidation of future 
modeled climates and comparisons with historical baseline and graphic representation of results was 
completed by Monahan and Fisichelli (2014) and Fisichelli (2013). Future modeled climate data are 
presented in terms of two projected emissions scenarios, A2 (higher emissions of greenhouse gases) 
and B1 (lower emissions), as in Fisichelli (2013). The A2 and B1 scenarios are from the 
Intergovernmental Panel on Climate Change’s 2007 report (IPCC 2007). 

We use the Palmer Drought Severity Index (PDSI) to characterize aridity over the historical period of 
record. The PDSI uses temperature and precipitation data to calculate water supply and demand, 
incorporates soil moisture, and is considered most effective for unirrigated cropland (Palmer 1965, 
USDA 2014). Long-term drought is cumulative, so the intensity of drought during a point in time is 
dependent on the current weather patterns plus the cumulative patterns of the previous period. The 
PDSI is used widely by the U.S. Department of Agriculture and other agencies. PDSI values range 
between −4.00 or less (extreme drought) and +4.00 or greater (extreme moisture). The index uses a 
value of 0 as “normal.” Values below −1.5 are considered drought conditions. The Palmer Index is 
most effective in determining long-term drought (i.e., lasting at least several months). Monthly PDSI 
values were obtained from the National Climatic Data Center (NCDC 2019). Assumptions of the 
PDSI regarding the relationship between temperature and evaporation may give biased (i.e., 
overestimated evaporation) results in the context of climate change (Sheffield et al. 2012). However, 
examination of historical PDSI does appear to corroborate known drought periods and in this 
assessment the PDSI approach is not used to model future drought.  

4.2.3. Reference Conditions 
For most indices, the reference condition for this assessment is the period from the early 20th century, 
when meteorological data were first systematically collected, to approximately the first decade of the 
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21st century (2013 for Fisichelli (2013) and 2012 for Monahan and Fisichelli (2014)). Although some 
climatic changes may have occurred during this period, the long reference period avoids bias 
associated with wet, dry, warm and cold periods or extreme events such as prolonged or severe 
drought. For frost-free season length, the baseline period was 1901–1960. For aridity, the period 
analyzed was 1895–2017, with no future modeled changes available. 

4.2.4. Historical Conditions, Range of Variability and Modeled Changes 

Temperature 
Historical Trends 

Monahan and Fisichelli (2014) updated the climate inventories for 289 units of the NPS, including 
VAFO. The area of analysis included VAFO and a 30-km buffer surrounding the park. To evaluate 
climate change exposure of the park, Monahan and Fisichelli examined twenty-five biologically 
relevant climate variables, and highlighted those that have shown extreme values in recent years.  

To determine “extreme” values, which indicate the park is significantly exposed to climate change, 
Monahan and Fisichelli (2014) first calculated 10, 20, and 30-year “moving windows” of averages 
over the period of record (1901–2012). This moving window approach was used to de-emphasize 
year-to-year fluctuations. They then compared average temperature metrics, such as mean annual 
temperature, mean warmest quarter, minimum coldest month, and others, from the most recent 10, 20 
and 30-year periods (2003–2012, 1993–2012, and 1983–2012, respectively) to the moving window 
historical averages. “Extreme” values were defined as those for which the average over the most 
recent 10, 20 or 30 years was greater than 95% (or less than 5%) of the historical averages. 

Annual mean temperature (°C) from 1901 to 2012 is shown in Figure 4.2-1, illustrating the effect of 
calculating ten-year moving window averages. The results for seven of the most relevant temperature 
variables at VAFO are shown in Figure 4.2-2. Mean annual, mean warmest quarter and maximum 
warmest month temperatures were considered extreme. Minimum coldest month and mean coldest 
quarter had error bars that reached into the extreme zone. 
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Figure 4.2-1. Annual mean temperature at Valley Forge National Historical Park (including areas within 
30 km of the park boundary). The blue line shows temperature for each year, the gray line shows 
temperature averaged over progressive 10-year moving windows, and the red asterisk is the average 
temperature of the most recent 10-year moving window as of 2012 (NPS 2014). 

 
Figure 4.2-2. Results for seven temperature variables (1901–2012) analyzed by Monahan and Fisichelli 
(2014) at Valley Forge National Historical Park. Results are considered "extreme" if the mean percentiles 
are <5th percentile or >95th percentile of the historical range of conditions (if the mean is within the upper 
or lower gray area). Black bars indicate the range of recent percentiles across 10, 20, and 30-year 
moving windows (larger bars indicate higher sensitivity to moving window size). (NPS 2014). 
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The climate change summary for VAFO by Fisichelli (2013) shows a statistically significant increase 
in mean annual temperature from 1893 to 2012 (p<0.0001, Figure 4.2-3). This increase in 
temperature has accelerated since 1960 (p<0.0001, Figure 4.2-3). 

 
Figure 4.2-3. Historical mean annual temperature for Valley Forge National Historical Park from 1893–
2012 and projected temperatures based on two emissions scenarios (Fisichelli 2013).  

Modeled Future Changes 
Climate models summarized by Fisichelli (2013) indicate that temperatures at VAFO will rise 
substantially under climate change (Figure 4.2-3). Depending on the emissions scenario, mean annual 
temperatures are expected to increase by approximately 1.7–2.2°C (3.0–4.0°F) by 2055, and by 
approximately 2.2–3.9°C (4.0–7.0°F) by 2085. 

Seasonally, the greatest increases in temperature will be during the summer, although all seasons are 
projected to become warmer by mid-century (Figure 4.2-4). In addition, the number of days with 
maximum temperatures above 95°F is projected to increase by 12–15 days/year by mid-century, and 
the number of days with minimum temperatures below freezing is projected to decrease by 21 days 
under the high (A2) emissions scenario (Kunkel et al. 2013). Modeling by Wolfe et al. (2018) also 
predicts a shortening of the frost-free season by three weeks under the RCP8.5 emissions scenario by 
the end of the century. 
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Figure 4.2-4. Projected annual and seasonal temperature change in the northeastern Unites States 
based on average surface air temperature from 2041–2070 relative to 1971–2000 (Kunkel et al. 2013). 
Note: patterns for Delaware differ slightly from those of VAFO, located in southeastern Pennsylvania. 
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Precipitation 
Historical Trends 

Monahan and Fisichelli (2014) analyzed historical data for seven of the most relevant precipitation 
variables at VAFO (Figure 4.2-5), using the same “moving window” approach described above in the 
Temperature section. Wettest month annual, and wettest quarter precipitation totals were considered 
extreme; driest quarter and driest month were close to the extreme range. 

 
Figure 4.2-5. Results for seven precipitation variables (1901–2012) analyzed by Monahan and Fisichelli 
(2014) at Valley Forge National Historical Park. Results are considered "extreme" if the mean percentiles 
are <5th percentile or >95th percentile of the historical range of conditions (if the mean is within the upper 
or lower gray area). 

The climate change summary for VAFO by Fisichelli (2013) shows high historical variability with 
no significant trend (p=0.40, Figure 4.2-6).  
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Figure 4.2-6. Historical mean annual precipitation for Valley Forge National Historical Park from 1893–
2012 and projected precipitation based on two emissions scenarios (Fisichelli 2013). 

In recent decades, there have been increases nationally in the annual amount of precipitation falling 
in very heavy events, defined as the heaviest 1% of all daily events from 1901 to 2012. The largest 
regional increases have been in the Midwest and Northeast when compared to the 1901–1960 
average (Walsh et al. 2014a). Results for the Northeast region including FRST indicate a substantial 
increase (71%) in the annual amount of precipitation falling in very heavy events over the past few 
decades (Figure 4.2-7). This is the largest regional increase in the United States (including Alaska 
and Hawaii) over this period. 
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Figure 4.2-7. Percent change in the annual amount of precipitation falling in very heavy events by decade 
compared to the 1901–1960 average for the Northeast region. A very heavy event is defined as the 
heaviest 1% of all daily events from 1901 to 2012. The far right bar is for 2001–2012 (Walsh et al. 2014a). 

Modeled Future Changes 
Models used in Fisichelli (2013) indicate that precipitation at the park may increase slightly by mid-
century (Figure 4.2-6); modeling by Kunkel et al. (2013) and Lynch et al. (2016) indicate that most 
of the increase may come during the winter (Figure 4.2-8). Walsh et al. (2014b) suggest more drastic 
increases in precipitation in the region, with most of the increase in precipitation coming in the 
winter and spring. There is greater uncertainty in precipitation than temperature projections; whether 
the increase is small or moderate, precipitation variability is likely to remain high over the next 
several decades (Kunkel et al. 2013). The number of days per year with heavy rainfall (>1”) is 
projected to increase by 10–15%, and the number of days between rain events is likely to increase by 
several days under the high (A2) emissions scenario (Kunkel et al. 2013). 
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Figure 4.2-8. Projected annual and seasonal precipitation change in the northeastern Unites States from 
2041–2070 relative to 1971–2000 (Kunkel et al. 2013). Note: patterns for Delaware differ slightly from 
those of Valley Forge National Historical Park, located in southeastern Pennsylvania. 

Aridity 
Aridity and moisture availability are examined using the Palmer Drought Severity Index (Palmer 
1965) for the 1895–2018 period. No modeled future changes are considered for aridity due to a lack 
of well-supported tools to examine this indicator’s potential for change. 

Historical Trends 
Palmer Drought Severity Index (PDSI) values were calculated for the period from 1895 to 2018 
(Figure 4.2-9). For the period of record, FRST PDSI data show periodic moderate drought lasting 2–
5 years occurring approximately every 30–35 years. 
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Figure 4.2-9. Palmer Drought Severity Index from 1895 –2018 for First State National Historical Park 
(Northern Division, Delaware; division code: 0701). Negative values represent dry conditions and positive 
values represent moist conditions (NCDC 2019). 

Frost-Free Period 
Historical Trends 

The last frost in the spring has been occurring earlier in the year, and the first frost in the fall has 
been happening later. In the Northeast region, the average frost-free season for 1991–2011 was about 
10 days longer than during 1901–1960 (Walsh et al. 2014a). A longer growing season can increase 
carbon sequestration in plants (Peñuelas et al. 2009) and increase the growth of both desirable and 
undesirable plants.  

Modeled Future Changes 
By the 2070–2099 period, the length of frost-free season for the area surrounding FRST is projected 
to increase substantially as heat-trapping gas emissions continue to grow, increasing by 20–30 days 
under the lower emissions (B1) scenario and 30–40 days under the higher (A2) emissions scenario 
compared to the 1971–2000 baseline period (Walsh et al. 2014a).  

Overall Assessment 
Indications are that the climate in this region is already becoming hotter, possibly wetter, and is 
potentially more prone to more extreme weather events. Trends in the indicators are projected to 
continue or accelerate by the end of the century. Because these changes in the environment are 
beyond the control of park managers and climate is not a conventional resource to be managed, 
climate change is not evaluated using the condition status and trend framework applied in this 
condition assessment. Research and monitoring related to climate change, the anticipated 
vulnerability of specific resources vis-a-vis climate change, and its associated effects on resources 
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and interaction with other ecological processes can be informed by this broad overview of the 
magnitude of climate change in the region.  

4.2.5. Management and Ecological Implications 
Changing climate is anticipated to impact the mid-Atlantic and northeastern United States in a 
number of ways, and is likely to compound the effects of existing stressors and increase the 
vulnerability of forests and wetlands to pests, invasive species, altered fire regimes, and loss of native 
species (NFWPCAP 2012). Species ranges and ecological dynamics are already responding to recent 
climate shifts, and current natural areas including NPS units will likely be unable to support all 
species, communities and ecosystems currently present (Heller and Zavaleta 2009), some of which 
form the core of their NPS mission. Some of the key anticipated ecological impacts and potential 
management implications of climate change in the region and at FRST include: 

• Increased precipitation intensity and longer time intervals between storms (Fisichelli 2013, 
Mulholland et al. 1997). 

• Wetter winters coupled with warmer temperatures will likely cause increases in winter runoff 
and decreases in spring runoff as peak runoff shifts to earlier in the year (Loehman and 
Anderson 2009).  

• More frequent droughts, floods, and extension of the frost-free season (Fisichelli 2013). 

• Increasing temperatures will cause an increase in evaporation, potentially increasing the 
vulnerability of organisms in the region to drought and alteration of other ecosystem 
dynamics (Loehman and Anderson 2009). 

• Warmer temperatures may increase the negative effects of ozone pollution on forest growth 
and health and increase vulnerability to disease (USDA 2001). 

• An interruption in the timing of lifecycles between predators and prey may significantly 
impact wildlife (Parmesan 2006). 

• An increase in the transmission of zoonotic diseases to humans including hantavirus 
pulmonary syndrome, plague, and West Nile virus (Epstein 2001, Confalonieri et al. 2007). 

• Increases in invasive exotic plants (NFWPCAP 2012). 

• Higher temperatures could affect phenological events such as flowering, fruit set, and seed 
production (Loehman and Anderson 2009). 

• Staffing needs may change as the park is expected to have an increase in annual visitation, 
with the largest increase coming in shoulder season visitation. This has the potential to divert 
resources away from the management of species and habitats (NPS 2015). 

• Change bird communities by altering habitat quality, food abundance, and availability of 
microclimates (Schuurman and Wu 2018). 

• More frequent extreme events such as heat waves and heavy rains (Karl et al. 2009, Walsh 
2014a). 
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• Climate change is likely to exacerbate existing stressors related to anthropogenic 
disturbances at landscape scales including energy development and agriculture that fragment 
the landscape and hinder species adaptation (Bagne et al. 2013, Shaeffer et al. 2014). 

• Expansion of and increased susceptibility to non-native tree insects and diseases could lead to 
changes in forest composition, structure and function (Fisichelli et al. 2014). 

It is increasingly clear that given significant shifts in climatic variables, adaptation efforts will need 
to emphasize managing for inevitable ecological changes and concurrently adjusting some 
management objectives or targets (Stein et al. 2013). In a review of articles examining biodiversity 
conservation recommendations in response to climate change, Heller and Zavaleta (2009) 
synthesized conservation recommendations with regard to regional planning, site-scale management, 
and modification of existing conservation plans. They found that most recommendations offer 
general principles for climate change adaptation but lack specificity needed for implementation. 
Specific adaptation tools and approaches will undoubtedly help park managers with these challenges. 
Adaptation approaches need to be intentional, context-specific and based on a deliberative process, 
rather than selected from a generic menu of options (Stein et al. 2014). 

While climate change cannot be controlled by the park, managers can take steps to minimize the 
severity of exposure to these changes and help conserve sensitive resources as the transition 
continues. Existing condition analyses and data sets developed by this NRCA will be useful for 
subsequent park-level climate change studies and planning efforts.  

4.2.6. Uncertainty and Data Gaps 
Climate change projections have inherently high uncertainty. Confidence is higher in modeled 
temperature dynamics and lower for modeled precipitation totals and seasonal patterns. The largest 
uncertainty in projecting climate change beyond the next few decades is the level of heat-trapping 
gas emissions (Walsh et al. 2014b). Information gaps needing to be addressed to help manage 
resources and understand the repercussions of climate change to the park include: 1) more specific, 
applied examples of adaptation principles that are consistent with uncertainty about the future; 2) a 
practical adaptation planning process to guide selection and integration of recommendations into 
existing policies and programs; and 3) greater integration of social science and extension of 
adaptation approaches beyond park boundaries (Heller and Zavaleta 2009). 
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4.3. Night Skies 
4.3.1. Background and Importance 
National Park Service (NPS) units are known for preserving natural resources and ecosystem 
integrity, but they also function as refuges for the less evident resources like natural darkness and 
starry night skies. An NPS study found that night skies are rated as “extremely” or “very” important 
by 57% of visitor groups (Kulesza et al. 2013). The NPS recognizes the significance of natural night 
skies to humans and wildlife species and is bound to protect the natural night skies just like any other 
natural resource. For humans, there is cultural, scientific, economic, and recreational value associated 
with high-quality night skies. NPS Management Policies states that the NPS will “…preserve, to the 
greatest extent possible, the natural lightscapes of parks, which are natural resources and values that 
exist in the absence of human-caused light” (NPS 2006). NPS Management Policies also provides 
specific actions that the NPS will take to prevent the loss of dark conditions and natural night skies: 
restricting the use of artificial lighting where safety and resource requirements allow, using minimal-
impact lighting techniques, and providing shielding for artificial lighting (NPS 2006). The night sky 
in a natural condition regularly cycles between light and dark depending upon many factors including 
lunar cycle. 

The National Park Service defines a natural lightscape as the resources and values that exist in the 
absence of human-caused light at night. Natural lightscapes are critical for nighttime scenery and 
nocturnal habitat. There are many species that depend on natural patterns of light and dark for 
navigation, predation and other natural processes (Van Doren et al. 2017). Nearly half of all animal 
species are nocturnal and require naturally dark habitats; the presence of excessive artificial light can 
cause significant impacts to these species (Rich and Longcore 2005).  

Light pollution is the introduction of artificial light either directly or indirectly into the natural 
environment (Cinzano et al. 2000). Natural night skies unmarred by human light or with moderate 
semblance to such can contribute to a sense of solitude for visitors. Light pollution can reduce the 
enjoyment of park visitors by degrading the view of the night sky and reducing the contrast between 
faint extraterrestrial objects and the background of the luminous atmosphere. Some examples of light 
pollution are sky glow, sometimes referred to as artificial sky glow, light domes or fugitive light, 
which is the brightening of the night sky from human-caused light scattered into the atmosphere, and 
glare, which is the direct shining of light.  

It is important to document excessive artificial light pollution in NPS units by establishing baseline 
conditions and monitoring changes in conditions over time to support planning and management 
actions (Moore et al. 2013). Poor air quality, including haze, in combination with light pollution can 
dim the stars and other celestial objects, reducing the ability to see starry skies. Poor air quality also 
“scatters” artificial light, resulting in parks near cities and other significant light sources having a 
greater sky glow than if pollution were not present (Kulesza et al. 2013). The NPS has clearly 
declared its commitment to protecting night skies for the benefit of natural ecosystems and the 
enjoyment of current and future generations of park visitors (Peel 2000, NPS 2006).  
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The units comprising First State National Historical Park are located in a rural/agricultural, urban, 
industrial and residential matrix that includes multiple possible sources of artificial light contributing 
to light pollution. Old Swedes Church, Fort Christina, New Castle Courthouse and Green, and Dover 
Green are located within urban environments where local light pollution, skyglow from more distant 
urban centers, and other sources heavily degrade natural night skies. Old Swedes Church and Fort 
Christina are affected by light from railway, commercial and industrial sources adjacent to the 
properties. Of the units located in towns and cities, Ryves Holt House in Lewes is perhaps the least 
affected, although local light pollution may be significant. The two FRST units located in non-urban 
areas, Brandywine Valley and John Dickinson Plantation, are the focus of this section. John 
Dickinson Plantation conducts occasional evening programs but generally is closed to the public at 
night.  

Threats and Stressors 
At FRST, the relatively small size of the park units makes them more vulnerable to anthropogenic 
light sources on adjacent lands, which are predominantly private. Primary sources of light pollution 
include local residential and commercial sources, and sky glow from communities in and around the 
greater Wilmington and Philadelphia metropolitan areas. John Dickinson Plantation offers a few 
programs associated with night skies, and is otherwise closed at night. 

Anthropogenic light can be perceived many miles away from its source (Falchi et al. 2016). A 
comprehensive examination of landscape context related to landcover/landuse, population and 
housing, all of which are correlated with light pollution, was performed for the area surrounding the 
park and is presented in Land Cover and Land Use (Section 4.1). Changes in these factors can have 
significant impacts on the night sky of the non-urban park units.  

Indicators and Measures 
• All-Sky Light Pollution Ratio (ALR) 

4.3.2. Data and Methods 
The NPS Natural Sounds and Night Skies Division (NSNSD) recommends ALR as a metric to assess 
the condition of the night skies at NPS units (Moore et al. 2013). The NSNSD characterizes park unit 
photic environment by measuring both anthropogenic and natural light. In contrast to nightscapes or 
natural night skies, photic environments are a broader concept that encompasses the totality of the 
pattern of light at night at all wavelengths. The ALR is a relatively coarse measure using the ratio of 
actual/current light to natural light. An ALR value of zero indicates natural light, while an ALR value 
of one indicates that light levels are 100% brighter than natural light from night skies (Moore et al. 
2013). Researchers in collaboration with NPS developed U.S.-wide models that calculate estimated 
ALR values (Duriscoe et al. 2018). No park-specific night sky measurements or data have been 
recorded for FRST. 

4.3.3. Reference Conditions  
The reference condition for the night sky in rural FRST units is one in which the intrusion of 
artificial light into the night scene is minimized. Under this condition, natural sources of light (such 
as moonlight, starlight, and the Milky Way) will be more visible from the park than anthropogenic 
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sources, consistent with the pre-industrial-era and character of these units. As little outdoor lighting 
as is necessary to maintain a safe environment for park visitors and employees is prescribed.  

Impact thresholds have been developed for non-urban (Level 1) and urban (Level 2) park night sky 
resources (Table 4.3-1) (Moore et al. 2013). Parks outside of designated urban areas are considered 
more sensitive to the impact of anthropogenic light and are assessed using lower thresholds of 
impact. Parks within urban areas, as designated by the U.S. Census Bureau, are considered less 
sensitive to the impact of anthropogenic light and are assessed using higher thresholds of impact. 
According to the U.S. Census Bureau (2010), Brandywine Valley is categorized as a mixture of 
urban and non-urban (described as urban here); John Dickinson Plantation is classified as non-urban 
(U.S. Census Bureau 2010). 

Table 4.3-1. Reference condition rating framework for night sky indicators at Brandywine Valley and John 
Dickinson Plantation (Moore et al. 2013). 

Indicator Park Class 
Good 

Condition 
Warrants Moderate 

Concern 
Warrants Significant 

Concern 

Median All-Sky Light 
Pollution Ratio (ALR) 

Non-Urban ALR < 0.33 ALR = 0.33–2.0 ALR > 2.0 

Urban ALR < 2.0 ALR = 2.0–18.0 ALR > 18.0 

 

4.3.4. Condition and Trend 
The modeled ALR values for Brandywine Valley range from 20.5 to 40.0, averaging 24.2. This 
indicates significant management concern for an urban park (Table 4.3-1, Figure 4.3-1). At these 
light levels, anthropogenic light dominates natural celestial features such as the Milky Way, which 
will appear to have lost most of its detail and may only be visible directly overhead. Dark adaptation 
of eyesight is not possible, and substantial glare may be present with visible shadows (Moore et al. 
2013). Although the Brandywine Valley night sky is degraded due to high levels of light pollution 
from Philadelphia and relatively high levels along the Interstate 95 corridor including Wilmington, 
Delaware, the conditions at Brandywine Valley are better than surrounding residential areas and 
commercial corridors, providing an important yet threatened resource for the park locale. The night 
sky quality improves to the northwest to west into Pennsylvania and predominantly rural areas.  

The modeled ALR values for John Dickinson Plantation range from 5.1 to 10.2 and average 7.4, 
which warrants significant concern for a non-urban park (Table 4.3-1, Figure 4.3-1). John Dickinson 
Plantation is near the boundary of moderate light pollution from the Dover, Delaware, metropolitan 
area, and is affected by light from Dover Air Force Base and associated housing areas, as well as 
numerous suburban developments to the west and toward Dover.
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Figure 4.3-1. All-Sky Light Pollution Ratio (ALR) values for Brandywine Valley, John Dickinson Plantation and surrounding areas (Duriscoe et al. 
2018). 
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Housing densities in the region have increased over the past several decades. Recent and projected 
trends in housing development within the region and near Brandywine Valley and John Dickinson 
Plantation indicate that housing densities will continue to increase within 30 km of both park units 
(See Section 4.1, Land Cover and Land Use). Within 30 km of Brandywine Valley, between 2020 
and 2050 the percentage of acreage classified as either rural or exurban is projected to decline by 
approximately 8% while the acreage classified as suburban is projected to increase by approximately 
8%. In the 30 km area surrounding John Dickinson Plantation, between 2020 and 2050 the 
percentage of acreage classified as rural is projected to decline by approximately 8% while the 
acreage classified as exurban is projected to increase by approximately 8% (U.S. Census Bureau 
2010). These changes, with concomitant increases in population and associated development, will 
further degrade the night skies at these units. 

Based on these results, the condition of natural night skies at FRST warrants significant concern with 
a deteriorating trend due to development and increased housing density within the region and near 
the park (Table 4.3-2). Confidence in the assessment is high. 

Table 4.3-2. Condition and trend summary for night skies at the Brandywine Valley and John Dickinson 
Plantation units, First State National Historical Park. 

Indicator 
Condition 

Status/Trend Rationale 

Brandywine Valley 
– All-Sky Light 
Pollution Ratio 
(ALR) 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment. 

ALR for this unit had a median value between 20.5 and 40.0, which 
warrants significant concern for an urban park. Housing and population 
densities have been increasing and are projected to continue to increase 
between 2020 and 2050. 

John Dickinson 
Plantation –  
All-Sky Light 
Pollution Ratio 
(ALR) 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment. 

ALR for this unit had a median value between 5.1 and 10.2, which warrants 
significant concern for a non-urban park. Housing and population densities 
have been increasing and are projected to continue to increase between 
2020 and 2050. 

Overall 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment. 

Night skies warrant significant concern with a deteriorating trend. 
Confidence in the assessment is high. 

 

4.3.5. Uncertainty and Data Gaps 
There is a high level of certainty in the assessment due to the site-specific concerns voiced by park 
staff and the regional impacts documented by modeled data. No on-site night sky monitoring studies 
have been conducted by the NPS at FRST. Additional measures for night skies could include Bortle 
Dark Sky Scale assessments, assessment of sky brightness using a charged couple device (CCD), and 
Unihedron Sky Quality Meter (SQM).  

4.3.6. Sources of Expertise 
• Sharolyn Anderson, NPS Natural Sounds and Night Skies Division, provided data. 
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• Emma Brown, NPS Natural Sounds and Night Skies Division, reviewed the draft manuscript 
and provided helpful comments.  
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4.4. Natural Sounds  
4.4.1. Background and Importance 
The acoustic environment includes all sounds present in the environment, and not just those audible 
to humans. All the natural sounds that occur within the boundaries of the National Park System units, 
the physical capacity for transmitting those natural sounds, and their interrelationships with other 
sounds comprise the natural acoustic environment of a park (NPS 2006). Visitors to national parks 
are often highly motivated to experience natural tranquility, sounds of nature, and solitude 
(McDonald et al. 1995, Krog et al. 2010, Mace et al. 2013). National Park Service management 
policies include directives related to soundscapes, including the affirmation that “The Service will 
preserve, to the greatest extent possible, the natural soundscapes of parks. The Service will restore to 
the natural condition wherever possible those park soundscapes that have become degraded by 
unnatural sounds (noise), and will protect the acoustic environment from unacceptable impacts” 
(NPS 2006). Excessive noise in NPS units threatens to adversely impact natural and cultural 
resources and the quality of visitor experiences. FRST units have their own cultural soundscape that 
is both unique and appropriate to their particular place and period. Loud or inappropriate sound 
levels from sources such as aircraft, vehicles, and the modern era can detract from the visitor 
experience (NPS 2019a). The NPS has clearly declared its commitment to protect intrinsic 
soundscapes for the enjoyment of current and future generations of park visitors. 

Anthropogenic noise increasingly degrades, disturbs, and reduces visitor enjoyment (Mace et al. 
2013, Rapoza et al. 2015, Weinzimmer et al. 2014). Most visitors prefer to hear sounds intrinsic to 
the natural and cultural settings of the park units they are visiting. Sounds are important because they 
can have a strong effect on people’s perception and enjoyment of a landscape (Benfield et al. 2010). 
A growing body of research also documents the biological and behavioral impacts of unnatural and 
unusual noise on a variety of wildlife (Barber et al. 2009, Shannon et al. 2016). Many species depend 
on natural soundscape conditions – free from anthropogenic noise intrusions – to successfully 
reproduce and survive (Rabin et al. 2006, Habib et al. 2007, Shannon et al. 2016). In 2000 the NPS 
issued the Director’s Order #47: Soundscape Preservation and Noise Management “to articulate 
National Park Service operational policies that will require, to the fullest extent practicable, the 
protection, maintenance, or restoration of the natural soundscape resource in a condition unimpaired 
by inappropriate or excessive noise sources” (NPS 2000). The order established guidelines for 
monitoring and planning to preserve park soundscapes. 

The NPS Natural Sounds and Night Skies Division (NSNSD) has used acoustic modeling to estimate 
the anthropogenic impact to the ambient sound level in FRST units, which is the existing sound level 
minus the estimated natural sound level (Mennitt et al. 2013). Mean impact thus provides a measure 
of how much anthropogenic noise is increasing the existing sound level above the natural sound 
level, on average, in the park. For reference, for human visitors and resident wildlife, an increase in 
background sound level of 3 dB produces an approximate decrease in listening area of 50%. In other 
words, raising the sound level by 3 dB reduces the ability of listeners to hear the sounds around them 
by half. Furthermore, an increase of 7 dB leads to an approximate decrease in listening area of 80%, 
and an increase of 10 dB decreases listening area by approximately 90%. 
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Threats and Stressors 
Primary threats to the acoustic environment include noise originating from modern transportation 
(automobiles and aircraft), development, and commercial or industrial activities. Aircraft and road 
transportation noise are typically the most pervasive threats to natural sounds in NPS units (Buxton et 
al. 2017, 2019). At Brandywine Valley, there is relatively little noise associated with park 
management activities outside of agricultural and residential leases and maintenance of picnic and 
parking areas near Brandywine Creek. Agricultural noise is primarily from seasonal tilling, planting 
and harvesting activities. The sound of gunshots from hunting on adjacent lands can also be heard. At 
John Dickinson Plantation, noise generated by the park is limited to landscaping and maintenance 
activities. General and specific sources of noise for FRST units are listed below. 

Rural Units 
Brandywine Valley: 

• Road noise from primary routes bisecting and adjacent to the unit. 

• Noise from commercial activities along the Concord Pike corridor east of the unit. 

• Aircraft noise from travel associated with numerous regional air hubs along the eastern 
seaboard. 

John Dickinson Plantation 
• Loud, low-flying crop dusters used by leaseholders impact interpretive programming, 

especially during July and August (NPS 2019b). 

• Although planes are prohibited from flying over the house, noise and vibration from Dover 
Air Force Base aircraft and the nearby firing range can impact the visitor experience (NPS 
2019b; pers. comm., Gloria Henry, January 2018). 

• Road noise, especially from State Highway Hwy 1 (Bay Road) to the east. 

Urban Units 
Old Swedes Church and Fort Christina 

• Noise and vibration from nearby passenger rail corridor (NPS 2019b; pers. comm., Rebecca 
Wilson, December 2017). 

• Urban background noise from transportation, commercial activities, and numerous 
heating/cooling units on site and on adjacent properties. 

• Industrial noise associated with adjacent Noramco factory, including rooftop and 
heating/cooling machinery. 

New Castle Courthouse and Green, Dover Green and Ryves Holt House 
• Urban background noise from transportation and commercial activities. 

A comprehensive examination of landscape context related to land cover/land use and population and 
housing, all of which can degrade natural and historic soundscapes, was performed for the area 
surrounding the park and is presented in Section 4.1. Changes in these factors can have significant 
impacts on the soundscape of the park. 
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Indicators and Measures 
• Anthropogenic sources of noise (i.e., noise) – presence/absence and relative noise level  

• Road traffic volumes (Brandywine Valley and John Dickinson Plantation) to inform trend 

• Noise impacts (modeled) – median and maximum LA50 impact in dB 

All three indicators were examined at the FRST units having the most rural and natural/semi-natural 
settings, i.e., Brandywine Valley and John Dickinson Plantation. The remaining units are located in 
small towns (e.g., Ryves Holt House in Lewes) to large urban areas (e.g., Fort Christina in 
Wilmington), with some having notable commercial or industrial elements. For Old Swedes Church, 
Fort Christina, New Castle Green, Dover Green and Ryves Holt House, we evaluate only the sources 
and relative magnitudes of anthropogenic noise observed by the authors or noted by NPS or park unit 
staff or volunteers as a simple qualitative index of the sounds present relative to the historic 
soundscape. 

4.4.2. Data and Methods 
The condition of the soundscape at FRST was evaluated using input from park documents and staff, 
and results from nation-wide modeling of ambient sound levels (Mennitt et al. 2013, NPS 2015) 
provided by the NPS Natural Sounds and Night Skies Division (NSNSD). The sound map reports 
LA50 sound pressure level (in dB). This metric is a median sound level, meaning that sound levels are 
predicted to be greater than this level 50% of the time, and less than this level 50% of the time. The 
model predicts conditions during a typical summer day with calm weather conditions. Sound levels 
are often lower at night and during the winter (NPS 2018). The spatial resolution of the modeled 
sound is 270 m x 270 m. This analysis permitted estimation of the impact of anthropogenic noise on 
natural sound levels in the park. Observations and opinions from FRST staff are also incorporated in 
this assessment with respect to desired soundscape conditions as well as sources of anthropogenic 
noise intrinsic and extrinsic to the park units. 

Because vehicle traffic is a primary source of noise, vehicle count data from the Delaware 
Department of Transportation provides a snapshot of road traffic volumes and trends for the past 5 
years (DelDOT 2019). The breakdown of car vs. truck traffic and projections for future traffic 
volumes were not available. The primary transportation routes in or adjacent to Brandywine Valley 
include Brandywine Valley Road, Ramsey Road, Woodlawn Road, Smith Bridge Road, Thompson 
Bridge Road, and US Highway 202 (Concord Pike). At John Dickinson Plantation, State Road 1/Bay 
Road is the busiest nearby transportation route in addition to Kitts Hummock Road and Bayside 
Drive. 

Decibel Scale 
Sound pressure levels are often represented in the logarithmic decibel (dB) scale. In this scale, 0 dB 
is equivalent to the lower threshold of human hearing at a frequency of 1 kHz. This scale can be 
adjusted to account for human sensitivity to different frequencies of sound, a correction known as A-
weighting. Examples of common sound sources (both within and outside of park unit environments) 
and their approximate sound levels are shown in Table 4.4-1 (Lynch 2009). 
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Table 4.4-1. Sound pressure level examples from NPS and other settings (Lynch 2009). 

Park Sound Sources Common Sound Sources 
Sound 

Level (dB) * 

Volcano crater (Haleakala National Park) Human breathing at 3m 10 

Leaves rustling (Canyonlands National Park) Whispering 20 

Crickets at 5m (Zion National Park) Residential area at night 40 

Conversation at 5m (Whitman Mission National Historic Site) Busy restaurant 60 

Snowcoach at 30m (Yellowstone National Park) Curbside of busy street 80 

Thunder (Arches National Park) Jackhammer at 2m 100 

Military jet at 100m AGL (Yukon-Charley Rivers National Preserve) Train horn at 1m 120 

* dB re 20 µPa A-weighted broadband (12.5 Hz—20 kHz) sound level over varied measurement durations and at 
the distances indicated 

4.4.3. Reference Conditions  
Park managers have not yet identified specific reference conditions for the soundscape for FRST 
units. The reference condition for the soundscape in FRST is dominated by natural and cultural 
sounds that are intrinsic to the park period of significance. Natural sounds could include birds, wind, 
rain, running water, and insects. Cultural sounds might include those related to agricultural, rural and 
small town and urban transportation, commercial or industrial activities. A condition rating system 
for the anthropogenic sources of noise and sound level impacts was based on widely-used thresholds 
and communication with NSNSD (Table 4.4-2).  

Table 4.4-2. Reference condition rating framework for soundscape indicators at FRST. Anthropogenic 
sound level impact thresholds provided by NPS Natural Sounds and Night Skies Division. 

Indicator Good Condition 
Warrants Moderate 

Concern 
Warrants Significant 

Concern 

Anthropogenic Sources of 
Noise 

Infrequent, low, or 
inaudible levels of 

anthropogenic noise. 
Annoyance level of visitors 
perceived as low. Natural 

sounds heard 
continuously. 

Moderately frequent and 
audible anthropogenic 

noise. Annoyance level of 
visitors perceived as 

moderate. 

Frequent and highly 
audible anthropogenic 

noise. Annoyance level of 
visitors perceived as high. 

Anthropogenic LA50 Sound 
Level Impacts 

Median impact ≤ 3 dB 3 dB < Median impact < 5 
dB Median impact ≥ 5 dB 

Maximum impact ≤ 7.5 dB 7.5 dB < Maximum impact 
< 10 dB Maximum impact ≥ 10 dB 

 

4.4.4. Condition and Trend 

Anthropogenic Sources of Noise 
For the rural units examined, the most prominent noise sources are roads/traffic, commercial activity 
and aircraft noise (pers. comm., Alan Mcloughlin, July 2019). Most anthropogenic noise originates 
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outside the park. There is some noise within Brandywine Valley and John Dickinson Plantation from 
agricultural operations and park maintenance. Fort Christina and Old Swedes Church are highly 
impacted by commercial, industrial, train, and traffic noise. Based on input from park staff and 
observations by the authors, the condition of this indicator warrants moderate to significant concern 
for the rural units and significant concern for the urban units, with an unknown trend and a medium 
level of confidence due to lack of visitor survey data.  

Anthropogenic Impacts on Ambient Sound Level (Modeled) 
At Brandywine Valley, the median modeled LA50 sound level impact was 11.2 dB and the maximum 
impact value was 13.9 dB (NPS 2015). The areas within Brandywine Valley with the lowest 
anthropogenic sound level impacts are on the western and northern sides closer to rural areas; areas 
with higher sound impacts are on the eastern side closer to the Concord Pike corridor (Figure 4.4-1). 
At John Dickinson Plantation, the median modeled impact was 9.7 dB and the maximum impact 
value was 10.5 dB (Figure 4.4-1). A single modeled pixel represents each of the urban/historical 
units: Fort Christina (13.6 dB), Old Swedes Church (14.3 dB); New Castle Courthouse and Green 
(11.6 dB); Dover Green (18.2 dB); and Ryves Holt House (13.0 dB). Based on these modeled results, 
all rural and urban units have median anthropogenic sound impacts exceeding 5.0 dB and maximum 
sound impact levels exceeding 10 dB, and therefore warrant significant concern. Confidence is high 
since the impact levels for all units are more than double the threshold developed by NSNSD. No 
trend data are available.  

Traffic Volume 
We examined average annual daily traffic volumes for 2014–2018 for transportation routes in and/or 
near Brandywine Valley and John Dickinson Plantation (DelDOT 2019) (Table 4.4-3). The slope of 
the regression line is positive and statistically significant for roads with the highest volumes in or 
near the units. With respect to changes in traffic volumes affecting park noise levels, Thompson 
Bridge Road and Concord Pike had increases of 25% and 50.8%, respectively at Brandywine Valley 
between 2014 and 2018. At John Dickinson Plantation, State Road 1 daily traffic increased by 10% 
between 2014 and 2018. 
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Figure 4.4-1. Modeled sound level impacts for Brandywine Valley, John Dickinson Plantation and surrounding areas (NPS 2015). 
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Table 4.4-3. Annual average daily traffic volume, measured as vehicle counts, percent daily volume 
change (2014–2018) and regression p values for selected road segments in or adjacent to the 
Brandywine Valley and John Dickinson (J.D.) Plantation units (DelDOT 2019). 

Park Unit Road Name 2014 2015 2016 2017 2018 

% change 
2014–

2018 
Regression 

p value 

Brandywine 
Valley Beaver Valley Road 2473 2701 2633 2255 2265 −8.4 0.220 

Brandywine 
Valley Woodlawn Road 1170 1170 1170 1178 1434 22.6 0.170 

Brandywine 
Valley 

Thompson Bridge 
Road 8423 9198 8967 9369 10528 25.0 0.041 

Brandywine 
Valley Smith Bridge Road 2592 2851 3008 3259 3275 26.4 0.005 

Brandywine 
Valley 

US Highway 202 
Concord Pike 29641 30162 30394 41129 44686 50.8 0.033 

J.D. Plantation SR1 Bay Road 33953 35854 36481 37094 37327 9.9 0.020 

J.D. Plantation Kitts Hummock 
Road 1283 1410 1488 1491 1498 16.8 0.048 

J.D. Plantation Bayside Drive 2477 3473 3386 3403 2579 4.1 0.950 

 

Overall Condition 
The condition of the soundscape at FRST varies among park units. Not surprisingly, those units 
located in urbanized or commercial areas have less natural soundscapes relative to more rural units. 
Median LA50 sound level impacts are more than 10 dB for all units. Overall, condition of the units 
warrants significant concern (Table 4.4-4). The trend in the natural sounds environment is estimated 
to be deteriorating based on trends in traffic volumes in and near the units and projected 
population/housing trends for the area (see section 4.1, Land Cover and Land Use). Noise from 
aircraft is prevalent in the region and a NPS management concern, especially at John Dickinson 
Plantation, but no data have been collected at FRST units. Overall confidence associated with the 
assessment is medium. 
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Table 4.4-4. Condition and trend summary for natural sounds at First State National Historical Park. 

Indicator 
Condition 

Status/Trend Rationale 

Noise 

 

 

Conditi on of resource warrants  significant concer n; trend in condition is  unknow n or not applicable; m edi um confidence in the 
assessm ent. 

Vehicles, aircraft traffic and noise from commercial and industrial plants 
impact FRST units to varying degrees. Condition warrants significant 
concern. 

Road traffic 
volumes – 
Brandywine Valley 
and John Dickinson 
Plantation. 

 

Curren 

t condition is  unknow n or i ndeterminate due to i nadequate data, lack of r eference val ue(s) for com parative purposes, and/or 
insufficient expert knowledge to reach a mor e specific conditi on determinati on; tr end i n conditi on is assumed to be deteri orati ng; 

low confidence i n the assessm ent 

Traffic volumes on primary transportation routes near Brandywine Valley 
and John Dickinson Plantation have increased over the past five years, and 
are major sources of noise. 

Modeled LA50 
Sound Level 
Impacts 

 

 

Conditi on of resource warrants  significant concer n; trend in condition is  unknow n or not applicable; high confidence in the 
assessm ent. 

Anthropogenic noise significantly impacts sound levels above the natural 
ambient sound level. This affects both the natural environment and the 
visitor’s experience. Both rural and urban units have median sound level 
impacts above 10 dB, more than double the threshold used for significant 
impacts. Ground and air traffic are the primary sources of noise at most 
units. 

Overall 

 

 

Conditi on of resource warrants  significant concer n; condition is deteriorating; high confi dence i n the assessment. 

Condition warrants significant concern with an anticipated 
deteriorating trend. Confidence in the assessment is high. 

 

4.4.5. Uncertainty and Data Gaps 
No evaluative data to determine the impacts of existing soundscape conditions on visitor experiences 
have been collected on-site at FRST. 

4.4.6. Sources of Expertise 
• Emma Brown, Acoustical Resource Specialist, NPS Night Skies and Natural Sounds 

Division, provided data and helpful reviews for the section template. 
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4.5. Visual Resources 
4.5.1. Background and Importance 
Visual resources have important value in terms of historic and cultural context, aesthetics, tourism, 
and health. Scenery encompasses the visible physical features on a landscape including the land, 
water, vegetation, structures, animals, and other features, and is linked to air quality-related values 
such as haze and natural night skies. The National Park Service Organic Act of 1916 specifies that 
the NPS shall “conserve the scenery and the natural and historic objects and the wild life therein and 
to provide for the enjoyment of the same in such manner and by such means as will leave them 
unimpaired for the enjoyment of future generations.” Protection and conservation of scenic resources 
is also required under other legislation and policies such as the National Environmental Policy Act, 
Federal Land Policy and Management Act, National Historic Preservation Act, the Clean Air Act, 
and NPS guidance. In surveys conducted throughout the national park system, 94% of NPS visitors 
responded that scenic views are extremely important or very important (Kulesza et al. 2013). Current 
NPS management policies (NPS 2006) do not provide guidance regarding service-wide policies or 
practices for scenery conservation. 

First State National Historical Park (FRST) consists of seven natural, cultural or historical sites 
throughout Delaware. These include Brandywine Valley, Old Swedes Church, Fort Christina, 
Historic New Castle, Dover Green, John Dickinson Plantation, and Ryves Holt House. FRST was 
originally established as a National Monument in 2013 and became a National Historical Park in 
2014. While Brandywine Valley is owned by the NPS, with the exception of the Sheriff’s House in 
New Castle, the other six units are owned and operated by other state, local or nonprofit 
organizations in partnership with the NPS.  

Threats and Stressors 
• Increased visitation at each site has the potential to negatively impact visual resources (NPS 

2017a). Increased visitation at Brandywine Valley can diminish natural resources and strain 
park staff as they try to manage and clean up after users on trails and picnic areas. At the six 
historical sites, increased visitation has the potential to damage the sites’ historical character. 

• Increased development and traffic surrounding the sites (NPS 2017b) has the potential to 
impact resources. Commercial and residential development on the edges and on private and 
leased land within Brandywine Valley impacts views within the park. The park’s historic 
units are within urban environments; several are adjacent to commercial and industrial 
development.  

• Historic sites need constant upkeep to maintain their aesthetic and structural integrity. 
Limited funding could prevent or defer maintenance on historic structures (NPS 2017a).  

• Degraded air quality. The visibility haze index in the FRST area on mid-range days was 6.9 
deciviews above the estimated natural condition of 7.7 deciviews (see Section 4.6 Air Quality 
for details). Haze reduces the distance and clarity experienced by the viewer and changes the 
color, contrast, and vividness associated with a view.  
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Indicators and Measures 
• Scenic quality rating for assessed views  

4.5.2. Data and Methods 
No previous inventory of visual resources has been completed at FRST. Scenery evaluation and 
incorporation of results in the NRCA follows unpublished guidance provided by the NPS Air 
Resources Division (Meyer et al. 2018, National Park Service Air Resources Division [ARD] 2018). 
Important views were identified based on the FRST website, the FRST Brandywine Valley park map, 
and park staff input. In collaboration with park staff, 14 views representing a cross-section of visitor 
experiences were selected for the inventory (Figure 4.5-1). These 14 views are distributed across the 
seven sites that make up FRST and exemplify a variety of landscapes that may include natural, 
cultural, or historical significance. 

Most viewpoints are accessible by car or are on a hiking trail. Field data were collected for both the 
viewpoint (where the observer is located) and the viewed landscape seen by the observer. Key 
characteristics for each viewpoint and viewed landscape included the GPS location, right and left 
limits of the view, the type of view, weather, observer position, photography, associated records, and 
the landscape description, which included landscape character type, extent of distance zones, 
landscape elements, and landscape design elements.  

A CSU visual resources team conducted the scenic quality inventory in July 2019 using NPS 
guidance and methods developed specifically for visual resource inventory (Meyer et al. 2018). 
Fourteen views from 12 viewpoints were inventoried throughout the park (Figure 4.5-1). Each 
observer rated the scenic quality based on landscape character integrity, vividness, and visual 
harmony and panoramic photos were taken of each viewed landscape. Five landscape character types 
occurred within the park: natural/natural appearing, agricultural, rural, urban, and industrial. Each 
landscape character type is associated with a list of elements that are expected to occur in that type 
(below). These features are specific to FRST and vary by park location. Observers recorded 
individual ratings and then the group discussed and assigned a single scenic quality rating to each 
view on a scale of A (highest scenic quality) to E (lowest scenic quality).  

Natural/Natural Appearing Landscape  

This landscape character type is dominated by natural features. There may be evidence of human 
changes to the landscape, but they are minimal and do not detract from the natural landscape 
character. Typical elements include: 

• Streams/Rivers 

• Valleys 

• Forests 
• Grasslands 

• Rolling hills 

• Wetlands/Marshes 
• Rock outcroppings 
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Figure 4.5-1. Locations of viewpoints from which 14 views were assessed during July 2019 at First State National Historical Park. 
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Agricultural Landscape  
This landscape character type can include planted fields of row crops, orchards, and livestock pasture 
or confined feeding operations. The topography is typically flat to rolling and generally does not 
occur on steep terrain. These landscapes sometimes have clustered farm buildings and structures. 
Typical elements include: 

• Planted crops and/or fields 

• Fencing  

• Farm buildings/equipment 

• Gravel or paved local roads 

Urban  
This landscape contains more densely populated and developed areas where infrastructure and 
circulation patterns dominate the visual setting. Typical elements may include: 

• Populated/developed areas dominated by infrastructure and circulation patterns 

• Buildings – various sizes used for residential, office, retail/commercial 

• Highways, roads, bridges, railroads 

Rural  
This landscape character type generally consists of isolated non-farmhouses, or small settlements 
with low populations, often located away from larger cities, suburbs, and towns; recreational areas 
may be present. Typical elements may include:  

• Single family homes 

• Gravel or local paved roads 

• Forests 

• Grasslands/open fields 

• Community infrastructure 

• Parks/recreation areas 

• Local-scale roads and bridges 

Industrial  
This landscape character type may be integrated into an urban area or found on the edge of town/city 
centers. Regardless, industrial facilities are considered the dominant feature of this type. Typical 
elements include:  

• Light or heavy industrial buildings or infrastructure, factories, or warehouse-appearing 
buildings 

• Conventional energy generation or transmission facilities/infrastructure 

• Shipyards/railyards  
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View importance, which considers viewpoint importance, viewed landscape importance, and viewer 
concern, is rated on a scale of 1 (highest) to 5 (lowest). Assessing view importance requires 
knowledge of the historic or cultural significance and designated status of both the viewpoint and 
viewed landscape. View importance was not evaluated in the 2019 inventory and hopefully can be 
completed by park staff at a later date. As per the NPS visual resources guidance (NPS ARD 2018), 
the overall scenic inventory value (SIV) for a view is based on a combination of the scenic quality 
and the view importance scores (Table 4.5-1). The SIV ratings are: very high (VH), high (H), 
medium (M), low (L), or very low (VL). Final visual resource inventory data are entered into the 
Enjoy the View (ETV) web-enabled database: https://irma.nps.gov/ETV/ (accessible when connected 
to a Department of Interior network). This database can produce summary inventory reports on a 
view-by-view basis, summarizing scenic quality and view importance, location and extent of the 
view, the overall scenic inventory value, and any additional field notes.  

Table 4.5-1. Scenic Inventory Value (SIV) rating matrix for combinations of scenic quality and view 
importance (NPS ARD 2018). VL = very low, L = low, M = medium, H = high, VH = very high. 

Scenic Quality 

View Importance Rating 

1 2 3 4 5 

A VH VH VH H M 

B VH VH H M L 

C H H M L L 

D H M L VL VL 

E M L VL VL VL 

 

4.5.3. Reference Conditions/Values 
First State National Historical Park holds significant value for the state of Delaware. Each of the 
seven sites represents a time in history, spanning from the first European settlers landing in Delaware 
through the American Revolution and later. Visitors experience the social context, architecture, 
culture, and historic events as they travel between park units. The Brandywine Valley unit contains 
the historical and cultural context of the eighteenth-century Quaker settlement. Throughout the 
valley, old structures, homesteads, mills, and roads demonstrate the original settlements. The park 
works to maintain these historically and culturally significant resources to conserve and interpret the 
natural and cultural landscape for the benefit of the public (NPS 2017b). However, elements 
inconsistent with the cultural and historic context are increasingly present at these sites. For example, 
modern agricultural buildings and equipment, paved roads, trails, and picnic areas occur within 
Brandywine Valley on inholdings and leases. Many of the other units are in urban centers surrounded 
by modern development that can distract or detract from the historic features. The park also has 
limited resources to keep up with the maintenance of historical structures on NPS-owned lands. 

The condition rating framework for visual resources follows guidance from NPS Air Resources 
Division (ARD) (2018) and is based on scenic inventory values that combine scenic quality and view 
importance ratings. The ARD guidance of five categories (very good, good, fair, poor, and very poor) 
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was consolidated to fit into three categories to be consistent with the NRCA program guidance 
(Table 4.5-2).  

Table 4.5-2. Condition rating framework for scenic quality ratings (modified from NPS ARD 2018). 

Condition Rating Criteria 

Good Condition 75% or more views have a Scenic Quality rating of A or B 

Moderate Concern 50% to 74% of views have a Scenic Quality rating of A or B 

Significant Concern 51% to 75% or more views have a Scenic Quality rating of C or lower 

 

4.5.4. Condition and Trend 
The scenic quality ratings were high. Eleven views received a B rating, two received a C, and one 
received an A (Table 4.5-3). View importance ratings that require knowledge of historical, cultural, 
and landscape designations within the park, necessitate the participation of FRST staff, and have not 
yet been completed. Once the view importance assessment is complete, the scenic inventory value 
will be determined for each viewpoint. Overall, the scenic quality ratings were in good condition for 
FRST. This assessment is a baseline inventory.  

The level of confidence in this assessment of visual resources is high because almost all of the views 
identified as important by the park staff were inventoried, the views inventoried represent each unit 
within the park, and view assessments were done in the field (NPS ARD 2018). The primary threat to 
visual resources at FRST is the encroachment of new development at each of the sites, as well as 
limited funding for the maintenance and upkeep of historical structures.  

Table 4.5-3. Scenic quality, view importance and scenic inventory values for viewpoints/landscape views 
assessed at First State National Historical Park. 

View/Viewpoint Number Viewpoint/View Name 
Scenic 
Quality 

001 Brandywine Valley, Ramsey Farm North C 

002 Brandywine Valley, Smith Bridge Picnic Area B 

003 Brandywine Valley, Homestead Ruins B 

004 Brandywine Valley, Brandywine Creek Trail 
Bridge B 

005 New Castle Green B 

006 New Castle Court House B 

007 Old Swedes Church B 

008 Fort Christina River C 

009 Fort Christina Monument B 

010 Fort Christina Pathway B 

011 Dover Green B 

012 Ryves Holt House B 
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Table 4.5-3 (continued). Scenic quality, view importance and scenic inventory values for 
viewpoints/landscape views assessed at First State National Historical Park. 

View/Viewpoint Number Viewpoint/View Name 
Scenic 
Quality 

013 John Dickinson Plantation, South View B 

014 John Dickinson Plantation, Mansion A 

 

Brandywine Valley 
Landscape characteristics identified within Brandywine Valley include natural systems and features, 
land uses, spatial organization, topography, vegetation, buildings and structures, views and vistas, 
and small-scale features. Many characteristics have associated features that contribute to the site’s 
overall significance and integrity, as well as features that do not contribute. The features that 
contribute were present during the period of significance, 1681 to 1928. Considered as a whole, the 
contributing characteristics and features convey the cultural landscape that was identified and 
preserved by William Bancroft in his progressive community planning efforts for Wilmington at the 
turn of the twentieth century.  

Brandywine Valley retains historic landscape characteristics that evoke the feeling of the early 
twentieth-century Brandywine Valley, with limited contemporary intrusion. The historic feeling is 
generated by the pastoral agricultural hilltops and beautiful views of creek valleys that inspired 
William Bancroft to initially consider Brandywine Valley as park land. The feeling of an industrial 
landscape within the Beaver Creek corridor has been substantially lost, although ruins of this past use 
remain through stone foundations and traces of waterways and quarries.  

Adjacent lands beyond the cultural landscape boundary, either inside or outside of the park 
boundaries, contribute to the integrity and significance of the Brandywine Valley cultural landscape. 
The Brandywine Valley unit is set within a landscape characteristic of the Brandywine Creek 
watershed. Views from within the park encompass the early twentieth-century Granogue Estate, 
representative of the “Chateau Country” era. To the south, the cultural landscape of Brandywine 
Creek State Park, once agricultural lands of the du Pont family, is similar to that of Brandywine 
Valley. The landscape north and east of Brandywine Valley also reflects eighteenth and nineteenth-
century Brandywine Valley history.  

Bancroft believed strongly in the importance of protecting parkland as part of his more broadly based 
community improvement efforts, specifically in conserving the beauty of the Brandywine Creek 
valley for public enjoyment. According to the records of the Woodlawn Trustees, Bancroft would 
take guests to a rock high above the east side of a bend in the Brandywine, likely Peter's Rock, where 
he would show them the view both upstream and down. His concern was the protection of the 
pastoral beauty of the river valley and its protection from the abuse of over-use. Indeed Bancroft "felt 
rather a special debt or obligation to the people of Wilmington and vicinity, all of whom he 
considered his neighbors. This feeling was partly due to his love of the Brandywine Creek Valley 
which had been despoiled in the Kentmere Rockford area, south of Brandywine Valley, by the 
Bancroft Mills" (letter from Ayers to Bancroft, 1920 (cited in NPS 2019).  
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View descriptions 
All view photos were taken by CSU as described in section 4.5.2. 

Viewpoint 1, Ramsey Farm, North: Ramsey Farm is located at 405 Ramsey Road. The view is 
looking southwest from the dirt road behind the farmhouse, on the top of the hill. The Granogue 
Estate is seen on the ridge across the Brandywine Valley to the west. This viewpoint scored 29.5 or a 
C. Evidence of modern development, including hoop houses/structures, cell phone towers and 
transmission lines, detracted from the view. The Ramsey House, although largely obscured by 
foliage in summer from this viewpoint, appears to need maintenance and repairs (Figure 4.5-2).  

Viewpoint 2, Smith Bridge Picnic Area: Smith Bridge Picnic Area is located on the western side of 
Brandywine Valley along Brandywine Creek Road. The view was assessed standing on the eastern 
bank with a 180-degree view of the river. This view scored 34.5, a B. There were no inconsistent 
elements visible and the view had strong visual interest with the moving water and the forest on the 
opposite bank (Figure 4.5-3).  

Viewpoint 3, Homestead Ruins: Homestead ruins are located east of 601 Beaver Valley Road, 
approximately 1,000 feet south of the property at 140 Beaver Valley Road. The inventoried view 
consisted of the remains of a structure, most likely used as either a home or a mill, surrounded by 
hilly terrain and forests. The view scored 38, a B, due to a few elements missing for a 
Natural/Natural Appearing landscape (Figure 4.5-4). 

Viewpoint 4, Brandywine Creek Trail Bridge: This viewpoint is located along the Brandywine Creek 
Trail south of the parking lot on Ramsey Road, where Palmer Run crosses the old road, close to the 
border with Brandywine Creek State Park. The view was assessed standing south of the bridge 
looking north following the dirt road across the bridge. The Brandywine Creek Bridge scored 34, a 
B, due to multiple missing elements expected for a natural/natural appearing landscape and a limited 
range of colors (Figure 4.5-5).


