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Preface 
 

The goal of this report is to build awareness across the community of the important issues and opportunities relating to 

a changing climate.  The observed and projected changes in climate and environmental conditions have become an issue 

at the forefront of many scientific and political discussions.  Much like many environmental issues of the time, it can be 

challenging to decipher rhetoric from the state of the science.  This is not unusual as there have been past 

environmental concerns that were also controversial, including the thinning of the ozone layer and acid rain.  Though 

these concerns were well documented and researched, there was still much political debate as well as misinformation 

aimed at the public.   

The thinning of the ozone layer (also termed “ozone hole”) was documented in the 1970s, however, governments did 

not take action until 1987.  This is when the Montreal Protocol on Substances that Deplete Ozone Layer was signed as a 

global agreement to reduce ozone-depleting substances.  Since then, additional amendments have been ratified over 

the years to expand the original list of controlled substances.  The United States continues to be a leader, championing 

this effort.  In response, the ozone layer is now expected to recover by mid-century.  

By the late 1960s and early 1970s, scientists understood that precipitation was becoming more acidic in areas influenced 

by coal-fired power plants and other polluting agents.  Though controls on coal-fired power plants began with the 1970 

Clean Air Act Amendments to reduce air pollution that impacts human health, causing asthma and other respiratory 

conditions, there was added benefit as some of these pollutants were also responsible for acid rain.  However, the 

United States government at the time required a significant amount of scientific research to be conducted before taking 

action explicitly directed at combating acid rain.  After more than a decade of intensive research, in part, supported by 

the United States government, the 1990 Clean Air Act Amendments passed that included Title IV of the Acid Deposition 

Control Program.  Title IV required substantial decreases below the thresholds allowed in the 1970 Amendments, and 

expanded to include additional air pollutants.  These requirements have led to improving the stressed sensitive aquatic 

and terrestrial ecosystems, though there are scientists that remain concerned and recommend additional controls to 

ensure full recovery.   

Both of these broad environmental issues required substantial research along with effective communication to ensure 

the science was being understood and applied appropriately. Once that occurred, governments were able to take action 

with public support.  This led to large-scale changes in human behavior and business as usual practices that helped 

curtail additional damage and started recovery.  By reacting as quickly as possible once the threat is understood, the 

sustained damage, as well as the necessary time for recovery, can be reduced.   

This report is intended to serve as a preliminary vehicle that identifies potential impacts of a changing climate and builds 

momentum locally for future research and engagement towards a sustainable future for Baltimore County and the 

Valleys Planning Council territory. 



 

 
 

Contents 
Preface ................................................................................................................................................................................... iii 

Executive Summary ................................................................................................................................................................. 1 

Northwestern Baltimore County............................................................................................................................................. 4 

Baltimore County Climate:  Observed and Projected Changes .............................................................................................. 8 

Observed Climate ................................................................................................................................................................ 8 

Annual and Monthly Precipitation .................................................................................................................................. 9 

Annual and Monthly Maximum Temperatures .............................................................................................................. 9 

Annual and Monthly Minimum Temperatures ............................................................................................................. 10 

Recent Events in Baltimore County .................................................................................................................................. 12 

Future Climate .................................................................................................................................................................. 14 

Monthly Maximum Temperatures ................................................................................................................................ 14 

Monthly Minimum Temperatures ................................................................................................................................ 17 

Monthly Total Precipitation .......................................................................................................................................... 18 

Growing Degree Days .................................................................................................................................................... 19 

Frost .............................................................................................................................................................................. 19 

Warming Winters .......................................................................................................................................................... 20 

Extreme Summertime Heat .......................................................................................................................................... 20 

Extreme Precipitation Events ........................................................................................................................................ 21 

Streams, Water Table, and Flooding ..................................................................................................................................... 22 

Today’s Streamflow and Water Table ............................................................................................................................... 25 

Historic Trends of High Streamflow .............................................................................................................................. 25 

Factors Influencing Streamflow and the Water Table .................................................................................................. 29 

Impacts of a Changing Climate.......................................................................................................................................... 37 

Water Table ................................................................................................................................................................... 37 

Runoff and StreamFlow ................................................................................................................................................ 37 

Stormwater Management Strategies ............................................................................................................................... 39 

Recommendations ............................................................................................................................................................ 42 

Forests ................................................................................................................................................................................... 44 

Impacts on Today’s Forests ............................................................................................................................................... 46 

Impacts of a Changing Climate.......................................................................................................................................... 50 

Benefits of Rising Carbon Concentrations and Temperatures .......................................................................................... 53 



Preface 

v 
 

Forest Management Strategies ......................................................................................................................................... 53 

Recommendations ............................................................................................................................................................ 54 

Farmland and Soils ................................................................................................................................................................ 56 

Prime Farmland ................................................................................................................................................................. 57 

Impacts on Today’s Crops ................................................................................................................................................. 62 

Impacts of a Changing Climate.......................................................................................................................................... 63 

Crop Management Strategies and Climate ....................................................................................................................... 65 

Importance of Agriculture in Baltimore County ............................................................................................................... 67 

Recommendations ............................................................................................................................................................ 68 

Appendix A. Recent Events ................................................................................................................................................... 69 

Appendix B.  Future Climate Analysis ................................................................................................................................... 71 

Appendix C.  Stream and Runoff Analysis ............................................................................................................................. 82 

Stream gage characteristics .............................................................................................................................................. 82 

Peak-Flow Statistics........................................................................................................................................................... 82 

Appendix D.  Soybean and Corn Analysis .............................................................................................................................. 83 

Soybean ............................................................................................................................................................................. 83 

Corn ................................................................................................................................................................................... 84 

Endnotes ............................................................................................................................................................................... 86 

 

 

  



 

1 
 

Executive Summary 
Northwestern Baltimore County is located within the Greater Baltimore metropolitan region. The urban portion of 

Baltimore county comprises 1/3 of the county’s land, and surrounds Baltimore City on three sides. The urban area, 

referred to as the area “inside” the Urban Rural Demarcation Line (URDL) is where almost 90% of the population is 

housed. The area “outside” the URDL is zoned for resource conservation, with 

very low density in the agricultural preservation zone, which comprises much 

of the rural land area.  This report focuses on how changes in climate may 

impact the Northwestern portion of Baltimore County including the 83,200-

acre territory of The Valleys Planning Council (VPC) organization. 

The Northwestern portion of Baltimore County is largely comprised of pasture 

and cultivated lands with fragmented forests, gently rolling hills and some 

areas of relatively steep terrain.  The prime soil and pastoral resources within 

the County are considered foundational for the community’s economic 

vitality and well-being.  Decades ago, the community realized that how it 

decided to care for its land resources would have a direct impact on air 

quality, water quality, and terrestrial ecosystems.  The County undertook a number of measures to preserve land 

resources, including: the Urban Rural Demarcation Line (URDL), zoning classifications, land use regulations, and 

permanent conservation easements. Today, the County is considered a national leader with land preservation efforts 

protecting agricultural, forested, and pastoral lands.  Baltimore County’s successful growth management and abundant 

agricultural and resource lands can serve as a cornerstone for coping with and adapting to a changing climate. 

Future conditions for the Northwestern portion of Baltimore County suggests a wetter and warmer future. Favorable 

future projections (on average) include an increased number of growing degree days, maintaining current monthly 

rainfall levels, and reduction of frost.  While unfavorable future projections include increases in extreme summertime 

heat, minimum temperatures, and extreme precipitation events. Overall, the projections suggest that the year-to-year 

variability experienced in rain events, flooding, and extreme heat are likely to continue and potentially amplify in future 

years.    

Associated impacts over the coming decades include: (i) higher risk of runoff, flooding, and saturated fields; (ii) hot 

summer temperatures affecting crops and soil moisture; (iii) longer growing season for crops; (iv) enhanced carbon 

concentrations leading to increased crop growth and yield (too much, however, can be problematic); (iv) potential for 

stressed oak trees under a hot future scenario; and (v) risk of biodiversity being adversely affected if species’ cyclical 

biological events (e.g., flowering, nesting, and so on) become out of sync with the changing environmental conditions.  

In addition, invasive species, fungus, and pests may be at an advantage as conditions change. This is an area of active 

research. 

Stormwater Management.  Effective stormwater management practices reduce the volume of stormwater that flows 

into streams, protect the natural functions of floodplains, and reduce the damage to infrastructure and property. In 

addition, strategies may be considered that maintain water availability during periods of drought.  For riverine flooding, 

floodplain stream restoration offers a way to increase floodplain storage, increase infiltration rates and wetted surface 

area, and increase plant uptake and filtration. Conserving land in or around the floodplain is also important, with target 

areas including locations with water-absorbing soils.   Based on this analyses and discussions with stakeholders, the 

following recommendations should be considered to support local stormwater management: 

Figure 1.  The Valleys Planning Council (VPC) territory 
situated within predominantly rural Baltimore County. 
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 Identify redevelopment targets inside the URDL where stormwater management can be improved, green 
infrastructure enhanced, ecosystem functions restored, and communities revitalized; develop incentives to 
attract developers to these opportunities. 

 Identify stream segments that would deliver the most benefit from restoration, and target mitigation efforts to 
these areas; explore the NASA Carbon Monitoring System and associated work in Maryland with the University 
of Maryland and Nature Conservancy to determine how to use the detailed tree cover data to identify places 
where restoration can best intercept runoff or improve habitat areas.  

 Utilize new technology that can directly monitor and control stormwater infrastructure in real-time and improve 
the function of stormwater management systems.  

 Require monitoring of old and new methods of stormwater management to determine the effectiveness under 
today’s changing conditions. 

 Consider ways to better protect areas of low elevation that are increasingly flood-prone and build this into 
reviews, approvals, plans, policies and practices.  

 Review stormwater regulations to ensure they will result in facilities that can handle heavy rain events and avoid 
granting waivers, variances, and special exceptions in areas where problems are known to exist and could easily 
be exacerbated. This includes reviewing design standards provided by the County and considering how future 
change may impact these values. 

Sustainable Forest Health.  Forests and trees play a significant role in removing carbon dioxide from the air, absorbing 

air pollution such as ozone and particles, releasing oxygen for us to breathe, and helping absorb rainwater and reducing 

erosion.  Trees reduce hot summertime temperatures leading to reductions in energy demand for cooling houses, 

buildings, and motor vehicles. Forest management can play a critical role in establishing healthy, productive forests over 

the coming century even in the face of a changing climate.  Recommendations that should be considered for sustaining 

healthy forest include: 

 Provide continued support of existing programs that protect forest health. Forest management, either at the 

governmental level or for-profit private enterprises, will be critical for sustaining forest health.     

 Remove invasive tree species and foster a good selection of canopy trees.  This may be the best option for 

sustaining future forest health (recommended through communications with local forestry management).  

Diversification of tree stock, while managing for invasive tree species, may support forest health so that forests 

can sustain future impacts under a changing climate, including changes in pests and fungus.  

 Oaks are considered robust against future climate change under the low scenario, but could be compromised by 

mid-century under the high scenario.  Because of this, it is recommended to monitor oak health and trends over 

time, along with revisiting these findings as climate projections are updated. 

 Continue to keep up-to-date on carbon sequestration analyses in the region to identify tree species and 

elements within a tree’s life cycle that are optimum for absorbing carbon from the atmosphere. 

 Continue to monitor forest health, pests, and invasive species and consider ways to communicate with the 

public when/if events strike.  This includes identifying and communicating any new pests or fungus. 

 Develop a database that stores critical information, such as tree species, tree health, pests, and fungus, to 

support the assessment of long-term trends over time.  Providing a mechanism that also dates these entries will 

aid in identifying the weather conditions that led to or amplified impacts.  This can inform developing 

relationships between the weather stressors and the associated impacts, as well as be useful when developing 

long-term trends that may be influenced by changing climate conditions.  If the database was geoprocessed 

(possibly through crowd sourcing), then hot spot analyses and geographic trends could be developed. 

 Continue to foster relationships with the local universities and experts, provide a forum or link to their work to 

ensure up-to-date research and findings are being effectively integrated into VPC and county activities.  Provide 

suggested areas of research.  
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 Explore the NASA Carbon Monitoring System and associated work in Maryland with the University of Maryland 

and Nature Conservancy to determine how to use the detailed tree cover data to identify places where 

restoration can best intercept runoff or improve habitat areas.i  

Protecting Farmland and Soil Health.  Northwestern Baltimore County could be a “winner” compared to other 

agricultural communities across the country. Though hotter summer temperatures and increasing heavy rainfall events 

will likely require farmers in the County to consider management strategies, other agricultural hubs across the country 

may experience larger worsening conditions such as summertime drought, increased late winter/early spring 

precipitation, and hot summer temperatures.  Over the coming century, this may translate to higher prices for 

agricultural commodities, positively positioning those farmers that are located in areas with more favorable conditions.  

Recommendations for long-term sustainability include: 

 Provide incentives and continue support of existing easement programs that serve as a mechanism to protect 

prime farmland for future generations.  

 Provide programs that support both commodity and local food production.  A sustainable future includes 

providing food security for the local community.  

 Consider restrictions that curtail any uses of prime farmland that adversely impact or irreversibly affect soil 

health, reducing the ability to later convert back to farmland. 

 Engage local universities and other crop experts to keep informed regarding techniques and research that 

support crop diversity under a changing climate.  This includes extreme summer heat, reduced summertime soil 

moisture, crop hardiness to swings of dry and wet periods, reduction of wintertime dormancy, and 

soggy/flooded fields. 

 Incorporate sustainable agricultural techniques into farming practices. The County should continue to support 

the farming community by providing information, resources, and best practices regarding sustainable 

agriculture.  These techniques should also consider ways to improve and/or sustain soil health and carbon 

sequestration.  

 Investigate water management techniques that are appropriate for Baltimore County and effective for reducing 

flood conditions, particularly for fields that were flooded during 2018. Though this analysis did not suggest a 

notable decrease in monthly rainfall or days of precipitation per year, additional analyses should be conducted 

that focuses on projecting future change in drought conditions.    

 Continue to support controlled/limited growth in impervious surfaces and the built environment to preserve 

prime farmland and pastures, as well as the added benefits of water infiltration into the soils that reduces soggy 

fields and reduces summertime heat (compared to temperatures inside the URDL).   

This report details the technical analyses that support these recommendations based on modeling conducted, 

stakeholder input, and literature reviews.  The goal of this report is to build awareness across the community of the 

important issues and opportunities relating to a changing climate and to serve as a vehicle to build momentum for 

future research and engagement to a sustainable future for the VPC region. 
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Northwestern Baltimore County 
County’s Commitment to Land Preservation   

“The County is ranked in the top ten jurisdictions nationally in agricultural land preservation with preserved 

lands and parkland.”  [Baltimore County Maryland Government] 

 

Northwestern Baltimore County is located within the Greater Baltimore metropolitan region. The urban portion of 

Baltimore county comprises 1/3 of the county’s land, and surrounds Baltimore City on three sides. The urban area, 

referred to as the area “inside” the Urban Rural Demarcation Line (URDL) is where almost 90% of the population is 

housed. The area “outside” the URDL is zoned for resource conservation, with very low density in the agricultural 

preservation zone, which comprises much of the rural land area.   

Northwestern Baltimore County is largely composed of pasture and cultivated lands with fragmented forests, gently 

rolling hills and some areas of relatively steep terrain. (See Figure 2.)  The prime soil and pastoral resources within the 

County are considered foundational for the community’s economic vitality and well-being.ii  Decades ago, the 

community realized that how it decided to care for its land resources would have a direct impact on air quality, water 

quality, and terrestrial ecosystems.  The County undertook a number of measures to preserve land resources, including: 

the Urban Rural Demarcation Line (URDL), zoning classifications, land use regulations, and permanent conservation 

easements. Today, the County is considered a national leader with land preservation efforts protecting agricultural, 

forested, and pastoral lands. 

  

 

 

 

 

 

 

 

 

 

 

   
Figure 2.  (Left side) Aerial photography of the area. (Right side) Land Cover (LC) portion of the National Land 
Cover Database (NLCD) 2011 simplified for the study area (source: https://maryland-
statecms.umd.ourecosystem.com/interface/). 
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URDL.  The formal separation of urban to rural settings is defined by the 

Urban Rural Demarcation Line (URDL). (See Figure 3.)   The Planning Board 

established the Urban Rural Demarcation Line (URDL) in 1967, with the 

intent to preserve rural and agriculture lands.  The majority of the County’s 

population (about 90%) live in the more densely settled areas located 

“inside” the URDL. Those within the URDL have access to public water and 

sewer and other urban infrastructure. This also served to cluster the 

population and maximize the county revenues needed for urban 

infrastructure.iii  The majority of the County’s land (about 2/3), however, is 

located “outside” the URDL and supports farming and open spaces.  This 

intended control of development has helped shape the County into a 

sustainable community environment that further protects the waterways, 

drinking supplies, air quality and scenic beauty of the region and 

concentrates County services thereby reducing the overall cost burden.iv  

Zoning, along with concentrated land use planning and preservation 

programs, provides the means for facilitating development defined by the 

URDL. 

Easements.  In 1975, Baltimore County provided its first land 
preservation easement protecting 34 acres.v  In 1980, Baltimore County 
opted to enroll in the Maryland Agricultural Land Preservation 
Foundation program where the rights to develop existing farmland are 
purchased from the landowner while allowing the owner to use the land 
for agricultural purposes – in essence, preserving the farmland.vi  This is 
known as an agricultural easement.  Today, the County has successfully 
used available land preservation programs for agricultural and natural 
resources to protect more than 66,000 acres. vii  (See Figure 4.) A portion 
of these easements are agricultural easements that protect farmland in 
Northwestern Baltimore County. (See Figure 5.)   Ad hoc discussions with 
County residents suggest that farmers continue to demonstrate a strong 
interest in agricultural easements, as further evidenced by the growing 
number of applications to the County for preservation grants. (See Table 
1.)   
 

 

Table 1.  Baltimore County applicants for Maryland 
Agricultural Land Preservation Foundation (MALPF). 
(Source: Baltimore County Department of Planning, 
2019) 

MALPF Easement 
Cycle 

Number of 
Baltimore County 
Applications 

FY 20 31 

FY19 47 

FY17 28 

FY15 16 

FY13 14 

Total 136 
 

Planning/ Zoning.  Planning and zoning efforts have also played a significant role in restricting land use, thereby 

preserving agricultural and natural space.viii  As shown in Figure 4, the agricultural priority preservation area (APPA) is 

zoned for agriculture and assigned the RC2 classification (i.e., any lot between 2 to 100 acres can have 2 houses).  About 

36% of the County is zoned RC2.ix  An additional benefit is that the clustering of agricultural lands helps farming 

infrastructure be more centralized leading to a more viable and profitable industry (e.g., horse farms are located near 

corn and hay growers; suppliers of fencing and equipment are located locally). The remaining top zoning classifications 

by land area include: resource preservation (RC 7) at 9.3%, rural residential (RC 5) at 8.5%, and density residential (DR 

16, DR 5.5, DR3.5, DR 2, DR 1; where the number represents the maximum number of dwelling units allowed per acre) at 

24.32%.x   

Figure 3.  Urban Rural Demarcation Line 
(URDL).  Source: Baltimore County Maryland 
government. 
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Figure 4.  Conservation Easement Accomplishments up to 2019.  (Source: Baltimore County Maryland) 
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Figure 5.  Preserved Land in 2019 (Source: The Valleys Planning Council).
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Baltimore County Climate:  
Observed and Projected Changes 
 

Climate in this report is defined as 20 to 30 year averages.  This is not to be confused with weather, which is day-to-day 

changes or averages of what has occurred over a recent month or few years.  Climate may be warming, but a given 

winter could be unusually cold.  In fact, climate change has led to enhanced warming in the Arctic, which has influenced 

weather patterns in the mid-latitudes, including Maryland, leading to periods of extreme cold (even though the climate 

is becoming warmer).xi  Natural variability, that occurs in our climate system and may be in response to short term 

events such as El Nino, plays an important role in driving our weather patterns and can cause significant changes year-

to-year.  It is the long-term changes averaged over time and place, however, that are represented by climate.  Hence, 

the climate averages presented here smooth out these year-to-year fluctuations.  However, as these climate averages 

are a baseline, as climate averages increase, the year-to-year fluctuations around the baseline may also increase and 

amplify under a warming climate.   

Observed Climate 

Similar with most locations within the Mid-Atlantic and Southeast, Baltimore County climate is classified as temperate 

with hot, humid summers and cold, wet winters.xii  The county experiences the gamut from severe winter storms with 

strong winds and heavy precipitation to well-organized summertime thunderstorms.   

Key Findings: Observed Changes 

 Precipitation: Annual total precipitation has increased by more than 6 inches since 1900 (15% increase). Since 

1990, May and fall months have experienced the greatest increase of about 1 to 2 inches, while August has 

experienced the greatest reduction of less than 1 inch. 

 Temperatures: Annual average temperatures have increase by about 2.4F since 1900. All months have 

experienced an increase in monthly maximum temperatures with the greatest increase in November, 

December, and February. However, a slightly greater increase in minimum temperatures has been observed 

compared to maximum temperatures.  Since 1990, monthly variability is not particularly notable with months 

experiencing a rise in temperatures at a similar rate. 

Key Findings: Projected Changes 

 Temperatures:  Annual and monthly temperatures are projected to warm substantially over the coming 

century, particularly under the high scenario. 

 Precipitation: Annual and monthly precipitation is projected to increase slightly from today’s conditions, at a 

rate of increase close to that observed since 1900. 

 Favorable future projections for increased growing degree days and reduction of frost. 

 Unfavorable future projections for increases in extreme summertime heat and rainfall amounts of extreme 

precipitation events. 

 Year-to-year fluctuations may continue and amplify under a warming climate. 
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According to NOAA observations, the county has experienced an 

increase in both annual precipitation and temperatures over the past 

century.  There is some discrepancy across months, but in general, 

most months follow the same pattern as the annual trend.1     

Annual and Monthly Precipitation 
Annual total precipitation for the county has increased over the past 

few decades. (See Figure 6.) A high amount of precipitation is 

particularly notable in 2018, representing the highest on record since 

1900.  On closer inspection, these increases are largely driven by 

larger amounts of monthly precipitation in May and during the fall 

months (trend of 0.1” per decade to 0.13” per decade).  January and 

February experienced a slight drop in precipitation (about 0.015” per 

decade) and a larger drop in precipitation was observed for the 

month of August (0.06” per decade).  The remaining months 

experienced small increases ranging from 0.01” per decade to 

0.05”per decade.  Overall, the county has experienced an increase of annual precipitation of more than 6 inches since 

1900 (i.e., 15% increase), greater than the increase experienced nationwide.   

 

Figure 6.  Annual total precipitation for Baltimore County, Maryland from 1900 to 2018 (NOAA NCDC). 

Annual and Monthly Maximum Temperatures 
Since 1900, the county has also experienced an increase in annual maximum temperatures (that is, averaging the daily 

maximum temperatures for a given year), suggesting 0.2F increase per decade or about 2.5F since 1900. (See Figure 

7.)  Interestingly, November, December, and February were observed to experience the greatest increases in monthly 

                                                           
1 As the climate system is not stationary but is changing over time, the climate values presented in this report are dependent on 
location and time period.  For example, total annual precipitation averaged over 1980 to 2019 will have a slightly different value 
than total annual precipitation averaged over 1971 to 2000 for the same location.  In essence, though some precision is provided 
with much of the data presented, it’s important to interpret these numbers more as within the realm of climate experienced.  

Climate at a Glance 

Annual Precipitation  46.1 inches 
Annual Snowfall  21.9 inches 
Summer Temperature 74.2F 
Winter Temperature 34.3F 
Days Below Freezing  104 

Days Above 90F 35 

Days Above 100F 1 

Sources:  Annual total precipitation, summer temperatures 

(June/July/August), winter temperatures 

(December/January/February), and days where minimum daily 

temperatures fall below freezing are from NOAA County Data 

(averaged from 1980 to 2019); Annual snowfall is from Brief 

Economic Facts, Maryland Department of Commerce (NCDC, 

averaged over 1981 to 2010). 
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maximum temperatures (that is, averaging the daily maximum temperatures for a given month and year), ranging from 

0.3F per decade to 0.5F per decade.  The other months experienced increases between 0.1F per decade to 0.2F per 

decade – no month experienced a reduction. 

 

Figure 7. Annual maximum temperature for Baltimore County, Maryland from 1900 to 2018 (NOAA NCDC). 

Annual and Monthly Minimum Temperatures 
The annual minimum temperatures (that is, averaging the daily minimum temperatures for a given year) have increased 

at a slightly higher rate (0.3F per decade) than annual maximum temperatures. (See Figure 8.)  On average, most 

months have experienced a rise in minimum temperatures similar to the annual rise.  December and February 

experienced a slightly higher rate (0.4F per decade) and March, September, and October a slightly lower rate (0.2F per 

decade).  Overall, this suggests an increase of about 4F since 1900. 

 

Figure 8. Annual minimum temperature for Baltimore County, Maryland from 1900 to 2018 (NOAA NCDC). 
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Observed Changes Across the Country 

 

Annual Average Temperatures  
Over the past century, global annual average 

temperatures have increased by more than 1.2F (0.7C) 
for 1986-2016 compared to 1901-1960.  This warming, 
however, has not been consistent around the world or 
even within the United States.  Western and Northern 
United States have experienced greater increases in 
temperatures than the Southeast and Mid-Atlantic 
United States.     
 
 

 
Source: USGCRP 2017 

 

Annual Precipitation 
Annual precipitation has gotten wetter in most, but not 
all, of the country.  Comparing precipitation in 1991 to 
2012 relative to precipitation in 1901-1960, locations in 
the upper Midwest and Northeast have experienced the 
largest increases. Other regions of the country, including 
parts of the West and Southeast, have experienced a 
drying.  

 
Source: Peterson et al. 2013 

 

Heavy Precipitation 
The heaviest precipitation days (that is, the top 1% of 
daily events) has been increasing across almost all of the 
country from 1901 to 2016.  These trends are larger than 
natural variability for the Northeast, Midwest, Puerto 
Rico, Southeast, Great Plains, and Alaska.  This further 
suggests that locations in the Southeast that have 
experienced a reduction in annual precipitation may be 
receiving a greater amount of their rain through heavy 
rain events.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: USGCRP Indicators (2018) 
 

 

Changes in Annual Precipitation 
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Recent Events in Baltimore County 

Maryland experiences several extreme weather types including tropical storms, hurricanes, severe thunderstorms, 

nor’easters, blizzards, ice storms, flooding, drought, heat waves, and cold waves.xiii  Some of these events are driven by 

the mid-latitude jet stream which affects Maryland’s weather patterns in late fall, winter, and spring.  During the winter, 

cold waves can occur as continental cold air masses travel down from the northern interior of the country and Canada. 

Nor’easters can be produced if this cold air mass combines with warmer moister air from the western Atlantic Ocean.  

During late spring and summer, warm moist air from the south can travel northward leading to intensified storm events 

and humid summers.   

There have been 1,434 storm events recorded for Baltimore County in NOAA’s Storm Events Database since January 1, 

1999. (See Figure 9.)  The most recorded event includes winds from thunderstorms, followed by winter weather and 

flash floods.  The greatest number of recorded events per year occurred in 2018 (145 events).  There were a greater 

number of damaging flood and flash flood events recorded over the past decade (2009-2018) than the decade prior 

(1999-2008).  Time will tell whether this is an artifact of climate change.   From 1999 to 2018, flash floods and high wind 

from thunderstorms were the most costly events representing 80% of the total $27M in costs, while heat caused the 

greatest number of reported injuries (200 injuries), followed by 18 injuries attributed to winter weather. 

 

Figure 9. Number of events from January 1999 to December 2018 for Baltimore County (source: data compiled from NOAA Storm Events Databased) 

Assuming 1999 to 2018 (20-year period) is a representative sample for events that occur with some regularity, 

thunderstorm winds, flash floods, winter weather, and floods have a higher probability of occurring in any given year. 

(See Table 2.)  Comparing the 1999 to 2018 probabilities to just the last five years (2014-2018), the last five years have 

experienced a greater number of winter weather, frost/freeze, flood, flash flood, and thunderstorm winds.   
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Table 2. Frequency of occurrence by event per year for Baltimore County based on data from 1999 to 2018 and 2014-2018 (Source: data compiled 
from NOAA Storm Events Database). 

 

 

Wettest Year on Record 
 
For Baltimore County, 2018 was the wettest year 
on record, due to some unusual atmospheric 
circumstances.  High pressure systems are 
associated with fair weather while low pressure 
systems produce stormy weather. In 2018, a strong 
high pressure system set up off the coast of New 
England.  This high pressure system acted like a 
blocking mechanism, keeping the low pressure 
systems, that normally move through the area 
quickly, stuck over Baltimore County.  This led to a 
significantly high amount of rainfall. 
 
Baltimore County had spots that received more 
than 80 inches of rain.  In response, the water table 
was abnormally high by the end of 2018 and at the 
start of 2019, reaching a record of 29.89 feet below 
land surface.  
 
The question is whether under a changing climate 
these atmospheric conditions will begin to repeat in 
coming years or if this was just an anomaly. 
 
 
Sources: NOAA, USGS 
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Future Climate 

Annual averages are projected to become slightly wetter and warmer over the coming 

century. (See Figure 10.)  The projected increases in annual temperatures for both the 

low and high scenarios are greater than the observed warming trend over the past 

century, while the projected increases in annual precipitation follow relatively closely 

with the observed trend.   

 

Figure 10.  Projected changes in average annual temperature and total annual precipitation over the 
coming century (based on this analysis; see Appendix B for more details). 

Monthly Maximum Temperatures  
Maximum daily temperatures are projected to increase over the coming century for 

both the low and high scenarios.  This will also likely increase water demand for 

agriculture and livestock.   During any future years of drought conditions, higher 

summer temperatures will likely exacerbate stress on water resources and reduce soil 

moisture for vegetation and crops. 

July is the hottest month of the year and is projected to increase between 3.6F and 

4.1F in the near-term, increase between 5.1F and 7.1F around mid-century, and increase between 5.4F and 10.3F 

by end-of-century, for the low and high scenarios, respectively. (See Figure 11.)  These projections suggest a notable 

increase in the number of days at or above 90F from an increase of about 30 days in the next few decades to a range of 

more than 30 days (low scenario) to 90 days (high scenario) by end of century.   

 

 

 

 

 

Processing of Climate 

Data for this Report 

This analysis processed localized 

projections for Northwestern 

Baltimore County from 25 

climate models run under a low 

scenario (“optimistic”) and a 

high scenario (“business as 

usual”) for three future time 

periods.  The low scenario 

assumes some mitigation of 

greenhouse gas emissions will 

occur over the coming century, 

while the high scenario is more 

aligned with business as usual 

continuing under a worst-case 

future of how global society may 

evolve over the coming century 

(aka, the worst of the worst).  

The high scenario currently 

corresponds to our current 

global trajectory. The analysis 

identified key climate factors 

that collectively help inform how 

forests, agriculture, and water 

resources may be impacted over 

the coming century.  (See 

Appendix B for details.) 
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Figure 11.  Monthly maximum temperatures for the low scenario (top figure) and the high scenario (bottom figure) for near-term, mid-century, and 
end-of-century projections.  The bars represent the average across climate models and the error bars represent the 10- to 90-percentiles across the 
models (the larger the spread of the error bars, the greater the range of model results).   
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  Projected Changes for the Country 

 
Annual Average Temperatures 
The entire country is projected to 
experience increases in annual average 
temperatures over the coming century.  By 
mid-century (2036-2065 relative to 1976-
2005), annual average temperatures in the 
lower 48 states are projected to rise about 

2-6F (low scenario) to about 2-8F (high 
scenario).  By end of century (2070-2099 
relative to 1976-2005), the increase is about 

2-8F (low scenario) to 6-12F (high 
scenario).  Overall, more northern and 
interior locations are projected to warm at 
a faster rate. 
 
 

Seasonal Total Precipitation 
By end of century (2071-2099 relative to 
1970-1999), seasonal precipitation under 
the high scenario suggests on average that 
most of the country will be getting wetter in 
winter and spring, drier in summer, and 
experiencing little change in the fall.  Note 
that this suggests the heavy winter and 
spring precipitation that has been 
experienced recently in the middle and 
upper Midwest is projected to continue, 
while the summers for this region will be 
particularly dry.  These seasonal projections 
suggest that Maryland will see more rain in 
winter and spring, and about normal to a 
little wetter in summer and fall.  Note that 
these projections are averaged for three 
month intervals and do not illustrate any 
changes in the intensity and frequency of 
day-to-day rainfall events.  The United 
States National Climate Assessment Report 
(2014) suggests that under the high 
scenario, the precipitation event that occurs 
on average once every 20 years (based on 
1981-2000 data) is projected to become five 
times more likely to occur by the end of the 
century (2081-2100). 
 
Source: USGS NCA 2014; NCA 2017 

 

 
 

 
Source: NOAA NCDC / CICS-NC 
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Monthly Minimum Temperatures 
Winter-time minimum temperatures are projected to 

increase between 3.1F and 3.5F around 2037, increase 

between 4.4F and 6.2F around 2062, and increase 

between 5.0F and 9.0F around 2087, for the low and 

high scenarios, respectively. (See Figure 12.) This may 

impact crops that require dormancy during the winter, 

pest populations that will be able to survive the warmer 

winter temperatures, and provide weeds more time to 

grow.   

During hot summers, there can be health concerns if 

vulnerable populations, such as the elderly, are in areas 

where nighttime summer temperatures do not 

sufficiently cool and allow the body to recover from 

scorching hot days (e.g., nighttime temperatures do not 

dip below 80F).  The projections 

do not suggest nighttime 

temperatures rising to that degree 

– at least at the monthly scale.  If, 

however, humidity levels increase 

substantially, then health concerns 

may arise.  Warmer nighttime 

temperatures may also dry out 

some crops through increased 

transpiration. 

This region averages about 160 to 

180 frost-free days a year. (See 

“Maryland Growing Season.”) The 

projections suggest that there will 

be an increase in frost-free days 

leading to a longer growing season.   

  

 

 

  

Figure 12. Monthly minimum temperatures for the low scenario (top figure) and the high scenario (bottom 
figure) for near-term, mid-century, and end-of-century projections.  The bars represent the average across 
climate models and the error bars represent the 10- to 90-percentiles across the models (the larger the spread of 
the error bars, the greater the range of model results). 
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Monthly Total Precipitation 
Monthly total precipitation is projected to either remain close to current conditions or to increase by less than 20%. (See 

Figure 13.)  Under both future scenarios, winter precipitation (averaged for December, January, February) may 

experience the greatest increase of about 15% (low) to 20% (high) by end of century.  Spring is projected to continue to 

be the wettest season; however, variability is not large month-to-month. 

As shown by the percentile error bars on the figure (the error bars tend to include today’s averages), there is less overall 

confidence in precipitation projections than temperature projections.  These precipitation projections only provide 

monthly averages and cannot be used to suggest how precipitation events may change. 

 

 

Figure 13. Monthly total precipitation for the low scenario (top figure) and the high scenario (bottom figure) for near-term, mid-century, and end-of-
century projections.  The bars represent the average across climate models and the error bars represent the 10- to 90-percentiles across the models 
(the larger the spread of the error bars, the greater the range of model results). 
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Growing Degree Days  
Growing degree days (GDD) is a metric used to assess growth and development of plants and insects 
during the growing season. For Northwestern Baltimore County, GDD is projected to increase over 
time, suggesting either growing conditions expand into more days of the year or temperatures 
improve during the normal growing time. xiv (See Figure 14.) Note, that GDD does not consider if daily 
temperatures become 
“too hot” or “too cold” 
for a crop’s optimum 
growth or survival.  In 
other words, GDD may 
be favorable for future 
conditions but, in fact, 
only tell part of the 
future story. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Favorable 
Outlook 

Frost  
Based on global, hemispheric, and national-scale studies, frost-free seasons have lengthened by 10 to 
20 days compared to the last 50 to 110 years, primarily due to the early onset of spring.xv  There is 
also evidence that deciduous forests in the eastern United States are losing their leaves later in the 
fall season. This is associated with a reduction of cold days after summer maximum temperature.xvi 
The average number of frost days per year is projected to decrease, lengthening the growing season. 
(See Figure 15.)  Over the coming century, this may introduce the opportunity to add more crops 
within the same season.  However, there remains the concern of the possibility of a late unexpected 
frost occurring, suggesting any early season crops be ones that are resistant to frost damage. This may 
impact crops that require dormancy during the winter, pest populations will have a better chance of 
survival through the warmer winter temperatures, and weeds will have more time to grow.   
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mixed O 
utlook 

Figure 15. Average number of frost days per year for the for the low scenario 
to high scenario for Northwestern Baltimore County.  See Appendix B for more 
details. 

 

Figure 14.  Projected changes in growing degree days for Northwestern Baltimore County.  
See Appendix B for more details. 
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Warming Winters 
Average winter temperatures are projected to increase over the coming century from about 3F in 

the near-term to more than 5F (low) to 7F (high) by end of century. (See Table 3.)  Benefits of a 
warming winter may be the reduction of the need to salt frozen roadways, and farmers may be 
inclined to plant hardier crops earlier in the year.  However, if winter temperatures get too warm, 
fruit crops may not experience enough wintertime chill hours, and some insects may have an 
increased survival rate through the winter.   
 
Table 3.  Future changes in average winter temperatures (December, January, February) for the low scenario to high scenario 
for Northwestern Baltimore County.  Values provided are averaged across a collection of climate models. 

Today Near-term Mid-Century End-of-Century 

34.1F 37.3F to 37.5F 38.6F to 40.2F 39.3F to 43.0F 

 
 

 
 
 
 
 

Mixed 
Outlook 

Extreme Summertime Heat 
Summertime heat is projected to get hotter over the coming century.  By 2040, the number of days 

above 90F could range between 51 days (low scenario) to 54 days (high scenario). (See Figure 16.)  By 
2080, these hot days are projected to last from 2 months (low scenario) to 3 months (high scenario) 
during the summer.  Days may also begin to reach hotter temperatures, with 33 days (low scenario) 

to more than 60 days (high scenario) per year surpassing 95F by end of century, compared to 10 days 
observed today.   Extreme summer heat can stress crop growth, human health, energy demand, and 
water availability. 
 
 

 
 
 
 
 
 
 
 
 
 
Unfavorable 

Outlook 

 

 

 

Figure 15.  Number of days per year above 90F for Northwestern Baltimore County. 
Shading represents the 10th to 90th percentile of the climate models under each 
scenario providing an indication of the model-to-model range in estimating the 

number of days above 90F. 
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Extreme Precipitation Events 
Across the country, heavy precipitation events are projected to increase in frequency and magnitude 
which raises a concern as floods can lead to delayed planting, washout fields or lead to 
contamination, stunt or kill crops, increase disease, cause problems during harvest, and impair 
machinery movement.xvii  Over the last 30 to 50 years, the Midwest and Northeast have experienced 
the greatest increase in heavy precipitation.xviii The concern amongst scientists is that it is well-
understood that warmer air can contain more water vapor than cooler air, which has been linked to 
increasing precipitation associated with fronts that move across the country, steered in part by the jet 
steam and high pressure systems.  Recent analysis has also suggested that climate change may 
increase the year-to-year variability of precipitation across the Midwest and Northeast.xix  
 
In Northwestern Baltimore County, precipitation occurs about 224 days per year on average.  Though 
future conditions suggest similar number of precipitation days per year (low scenario) to a few days 
less (high scenario), projections suggest an increase in the amount of precipitation that will occur with 
extreme events. This suggests an area that currently experiences ponding or flooding is unlikely to 
find relief in the future, and in fact, may experience worsening conditions.   
 
The figures below suggest precipitation events with a 50% chance of happening today (that is, an 
event that has the probability to occur every other year) to 1% chance of occurring (the “100 year” 
event) will become heavier. (See Figure 17.)  For example, today a 100-year event is about 8.4 inches 
of rain or snow falling in 1 day, future events are projected to increase by an additional 1 to 2 inches.  
In no scenario or time period are these events projected to become lighter.   
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Unfavorable 

Outlook 

Figure 16.  Precipitation events for 24-hr return periods of 2-year, 10-year, 25-year, 50-year, and 100-year.  The 
return periods suggest the probability of the event occurring in any given year (e.g., 2-year event has a 50% 
chance of occurring in any given year while a 100-year event has a 1% chance.  These results were developed by 
applying a Generalized Extreme Value Distribution (appropriate techniques for climate projections is an area of 
active research).  There is less confidence in the results of the 50-year and 100-year than the more common 
events. 
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Streams, Water Table, and Flooding 

Maryland receives precipitation year-round, falling directly into 

streams and other surface water bodies, falling onto land and 

being taken up by vegetation, running over land as stormwater 

and flowing into streams and other water bodies, and infiltrating 

into the ground to provide well water. The amount of 

precipitation that infiltrates into the subsurface is dependent on 

land cover, geology, and soil, as well as the intensity and 

seasonality of the precipitation. Some of this groundwater will 

eventually flow back to the land surface as a spring or simply seep 

into streams or other surface water bodies. The remaining 

precipitation runs along the ground as runoff, following the 

topography and eventually becoming part of streamflow.xx   

 Topography, Soils, Bedrock.  The Piedmont province consists 

of gently rolling hills and ridges with elevation generally less 

than 800 feet above sea level.xxi This region has streams and 

rivers at rather steep gradients draining into relatively deep, 

narrow valleys.  It is understood that areas with steep and 

narrow terrain are more prone to flash flooding of the smaller 

rivers, streams, and tributaries.xxii The elevation helps to 

determine how water will flow with ridges and hills helping 

to define these drainage basins (also termed watersheds).  

Northwest Baltimore County has parts of 5 large watersheds 

within its boundaries. These watersheds are known as: 

Prettyboy Reservoir, Loch Raven Reservoir, Liberty Reservoir, 

Jones Falls, and Gwynns Falls. (See Figure 18.)  The higher 

elevations of ridges and plateaus tend to remain drier with 

Figure 17.  Watersheds for Baltimore County.  (Source: Baltimore County 
Maryland government (2010), Master Plan 2020) 

Key Findings 
 Monthly average streamflow is typically higher in late winter and early spring. Streamflow levels have been 

increasing over the past few decades. Streamflow and the water table are well correlated with precipitation. 

 Heavier rainfall events could lead to increased runoff in regions with high runoff potential and increased 

streamflow that could further enhance stream bank erosion potentially changing the shape of the channel and 

carrying toxins, nutrients, sediment and debris downstream.   

 Locations in lower relative elevations are anticipated to be at greater risk to the combined increases of 

groundwater and streamflow. The more urban or built environment within the county could experience an 

increase in streamflow temperatures when runoff is exposed to and flows over heated pavement. 

 Locations in higher elevations or on steep slopes will require stronger stormwater management to contain 

runoff on the site. 

 Regions at high risk for flooding and high runoff should be carefully managed (for example, important 

infrastructure and construction should be kept away from these zones when possible) and prioritized for 

mitigation of runoff effects. 
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soils that allow water to infiltrate. These high elevation areas tend to be situated on top of bedrock of Loch Raven 

Schist and Piney Run.  Many of the valleys in the region tend to have higher clay soils which are less porous than the 

loamy soils leading to wetter/saturated conditions. (See Figure 27.)   

 Water table. Northwestern Baltimore County is located in the Piedmont Physiographic Province that is underlain by 

metamorphic and igneous rocks.  Groundwater in the Piedmont is largely stored in the saprolite (the weathered 

material above the bedrock) and to a lesser extent in the fractures and joints in the crystalline bedrock beneath the 

saprolite. (See Figure 19.)  These aquifers are “unconfined,” meaning the water table defines the upper surface of the 

saturated zone and the lower boundary is the vertical extent of fracturing.  The most productive wells in the Piedmont 

province generally occur at depths between 100 and 400 feet below ground surface, although some wells have been 

successfully completed to cover over 1,000 feet in certain areas. These fractures tend to decrease in size and number 

with depth. (See Figure 20 for description of bedrock geology 

for Baltimore County; note that the Cockeysville Marble is 

represented as “marble”.)xxiii The soils and saprolite overlying 

the groundwater table generally act as a natural filter for the 

groundwater, removing bacteria, viruses and many other 

harmful chemicals from percolating surface waters.  However, 

where surface soils are missing, thin, or highly permeable, the 

underlying groundwater may easily be contaminated.  

Particularly susceptible to contamination are the carbonate 

aquifers compromised of marble and limestone rocks where 

enlarged fractures and voids called “solution channels” may 

form in the subsurface and allow the relatively quick migration 

of surface water into the aquifer. Commonly found 

contaminants of concern include nitrates (from farms and 

septic systems), volatile organic compounds (from leaking fuel tanks) and chlorides (from road salting).  Groundwater 

near the surface can create ponding conditions of wet and flooded soils.  Groundwater will ultimately make its way to 

streams and other surface water bodies. 

 Streamflow. Streamflow is influenced by three main factors: precipitation, land cover, and topography. There is a 

direct correlation of significant precipitation events to stream overflow. Over time, streamflow levels and changes to 

streambed channels may have been modified by changes in land cover. Streamflow and land use are closely 

interrelated, through such factors as irrigation, flooding, runoff, and nutrient loading.xxiv   

Figure 21 presents a conceptual diagram that qualitatively illustrates these relationships. Streams are diverse 

ecosystems.  Sources of contamination can include regional and local sources such as runoff, erosion, and septic 

systems.  In Baltimore County, there is some sensitivity of shallow aquifers to groundwater contamination, influenced by 

climate, watershed characteristics, geology, water temperature, and naturally occurring contaminates.xxv  These 

contaminates as well as changes in stream conditions can affect aquatic and land-based life within and along the 

streams, as well as well water.  Changes in precipitation, land cover, and temperature can affect streamflow levels and 

localized flooding. This section considers past conditions and factors that caused high streamflows, how changes in 

climate may impact future streamflow, and considers management strategies for coping with floods from overflows 

along stream beds and rising water tables.  

 

Figure 18.  Block diagram showing the location of the groundwater 
in fractured-rock terrane (modified from Heath, 1983); (Source: Fact 
Sheet 19, Ground Water and Wells in the Maryland Piedmont).  
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Figure 19.  Bedrock Geology of Map of Baltimore County.  (Source: 
https://mde.state.md.us/programs/water/water_supply/Source_Water_Assessment_Program/Documents/www.mde.state.md.us/assets/documen
t/watersupply/SWAPS/Baltimore/Small%20Nontransient%20Noncommunity%20Public%20Water%20Systems%20in%20Balt%20CoFINAL.pdf) 
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Figure 20.  Conceptual diagram of streamflow developed by WSP through discussions with local stakeholders and informed by literature review. 

 

Today’s Streamflow and Water Table 

Historic Trends of High Streamflow  
High streamflow levels can develop slowly in response to a rising water 

table or quickly under significant rainfall events.xxvi  From 1860 to 2004, 

Maryland experienced 57 major floods with at least 13 of these floods 

associated with hurricanes.xxvii In recent decades, larger flood events have 

led to increased damage.xxviii   

Three stream gages were used to analyze the historic trends of streamflow 

for Northwestern Baltimore County (using USGS National Water 

Information System (NWIS), see Figure 22).xxix  Table 4 identifies each of the 

stream gages.  Stream data includes: (1) daily average stream discharge for 

the time available (ft3/s); (2) monthly average stream discharge for the 

time available (ft3/s); and (3) annual peak flow date and discharge (ft3/s), 

where stream discharge describes the amount of water carried by a stream 
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Figure 21. Location of the three gages. 
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per second at the gage site (measured in volume of water per second).  The higher the stream discharge, the faster the 

water is flowing. 

Table 4. Basic information of the three gages (See Appendix C for more detail)  
Station 

ID 
Elevation  HUC12 Sub-Watershed Name HUC12 ID Start year 

Piney Run 01583100 375.16 feet Piney Run – Western Run 020600030403 1982 

Western Run 01583500 262.08 feet Blackrock Run – Western Run 020600030404 1944 

Jones Falls 01589440 229.04 feet Jones Falls 020600031201 1966 

 

 

Figure 22.  Photos of stream gage sties: Piney Run (left), Western Run (middle), Jones Fall (right).  Source: USGS 

Monthly streamflow.  The average monthly streamflow suggests that streamflow levels are generally highest during 
spring (February to April) and lowest in summer (July to September). (See Figure 24.) Though precipitation is relatively  

 

 Figure 23. Monthly streamflow at the three stream gages (bars: mean discharge at each month; tails: ranges of monthly discharge)  
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consistent throughout the year, higher streamflow in the spring is not unexpected as rainfall that occurs in late 

winter/early spring tends to fall on harder ground with dormant vegetation, leading to a greater amount of runoff 

traveling into the streams.  Summer streamflow levels tend to be lower than the rest of the year, even though 

precipitation is not significantly less than in other times of year.  There may be a number of reasons for this including: 

greater evaporation during hot temperatures, higher water uptake by growing vegetation, and decrease in the water 

table if well water demand increases. 

 

High streamflow events.  Summer months (June to September) also tend to exhibit a higher year-to-year change 

compared to other months of the year. This is notable on Figure 24 by the long grey tails.  Part of this variability may be 

caused by peak flows in response to tropical storms, where peak flows are very high streamflow events. (See Table 5.)   

The rainfall amounts associated largely with these past tropical storms ranged from 5” to more than 10” per event, and 

tend to occur in late August and early September. These amounts are associated with streamflow events that have a 

10% to less than 1% probability of occurring in any given year (or the “10-year” to “200-year” streamflow event).   

Table 5. Past events that suggested high streamflow across stream gages 

Date Recorded Stream Peakflow (ft3/s) Flood Event Environmental Conditions 

Piney Run Western 
Run 

Jones 
Falls 

Jun. 22, 1972 NA 38,000^^ 13,800*** Tropical Storm Agnes Maryland’s worst flooding in 36 years; 24-
hr rainfall above 10’’xxx  

Sep. 26, 1975 NA 7,990* 3,280 (Remnants of) Hurricane 
Eloise 

Total 9.08’’ rainfall in Washington D.C. 

Sep. 06, 1979 NA 8,800* 11,700*** Tropical Storm David Up to 9.4’’ of rainfall; seven tornadoes 

Aug. 10, 1984 Not peak Not peak 5,810*   

Sep. 08, 1987 3,220* 3,500 Not peak Tropical Depression Nine Up to 5’’ of rainfall 

Sep. 07, 2011 2,730* 9,890* 7,490** Tropical Storm Lee Over 20’’ rainfall in Prince George’s 
County 

Aug. 26, 2012 1,230 6,710* 3,390* (remnants of) Hurricane 
Isaac 

Light rainfall 

Apr. 30, 2014 Not peak 3,780 6,400*   

* 10-year event; ** 25-year event; *** 50-year event; ^ 100-year event; ^^ 200-year event 

 

 

Changes in streamflow over time.  Over the period of record, each of the 3 stream gages trended towards an increase in 

flows. (see Figure 25.)  The gage historical record was analyzed to obtain a historical average flow and the more unusual 

high flow events such as a flow that occurs less than 10% of the time, 5% of the time, and 1% of time.  Each stream gage 

has a different historical record so the number of events that have reached these thresholds in the past varies by gage.    

Given the year-to-year variability, ten-year averages are presented (data is used that is available for each ten-year 

increment).  Overall, all three gages show an increasing number of days when high streamflow has been observed.  It is 

likely that increases in extreme precipitation events are playing a role. 
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Figure 24. Number of days on average when stream discharge exceeds the average value for the historic record and days that exceed 
the top 10% of the historic record per year, the top 5% of the historic record per year, and the top 1% of the historic record per year.   
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Factors Influencing Streamflow and the Water Table 
This section considers three factors that have been widely recognized as influencing streamflow: precipitation, 

topography, and land cover and soil.  

Water cycle.  The water table and stream discharge rise when seasons are wetter. (See Figure 26.)   The illustration is more 

qualitative in nature for capturing regional patterns, as the observations of stream discharge, precipitation, and water 

table are not perfectly aligned geographically to quantitatively capture these relationships.  Inspection of the stream 

discharge data suggests that the last decade has seen a substantial number of flow events compared to the 15 years prior, 

where the streamflow levels were particularly high compared to the average streamflow level of 15 cubic feet per second 

since 1999.  Also notable, the water table reached a significant high level towards the end of 2018 and beginning of 2019 

corresponding to the peak stream discharge.    

There are impacts on the community when precipitation leads to excessive streamflow levels and increased water table.  

Some locations may not be designed to handle excessive stormwater or do not have adequate stormwater management 

practices to cope with events.  Properties and infrastructure located in steep valley locations or in areas where soils do 

not drain well, may experience saturated ground.   

 
Figure 25. Seasonal average water table level (depth of feet below surface), seasonal total precipitation (inches), and seasonal 

average stream discharge (cubic feet per second); stream discharge is based on the Jones Fall stream gage (data source: USGS NWIS 

(Source: https://nwis.waterdata.usgs.gov/nwis;  NWS) 

As shown in Figure 26, the water table can vary throughout the year and year-to-year.  The 2018 year was found to be 

particularly problematic with groundwater reaching the surface in some locations. xxxi (See Textbox entitled, “Wettest 

Year on Record.”) There are concerns when the groundwater rises too close to the surface: 

 Pollution from septic tanks can leak into the surrounding area; 

 Agricultural fields can become overly saturated or flooded impacting crops and potentially carrying chemicals 

into nearby streams; and 

 Groundwater can seep into nearby stream beds, adding to the water volume during what may also be higher 

than average streamflow.xxxii 

Potential for runoff. Whether precipitation infiltrates into the soils and adds to the underlying water table or simply 

runs along the surface as runoff into streambeds or valley depressions, depends, in part on soil type and land cover.xxxiii  

This study used the County’s data on soil type (Figure 27) and land cover (Figure 28) to analyze the locations in 

Northwestern Baltimore County that have a greater potential for runoff to occur (Figure 29): 

https://nwis.waterdata.usgs.gov/nwis
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- Soil types in Northwestern Baltimore County.  Soils of Type A and Type B have low to moderately low runoff 

potential where the soil type allows precipitation to infiltrate into the soils, while soils of Type C and Type D 

have moderately high to high runoff potential.  Northwestern Baltimore County is predominantly Type B 

(moderately low runoff potential) and Type C (moderately high runoff potential).  Soils of Type B/C describes 

locations that have a Type B soils with a moderately low runoff potential but realized runoff could increase if the 

water table reaches 24 inches of the surface.   

- Land Cover in Northwestern Baltimore County.   Land cover is largely composed of cultivated crops, 

pasture/hays, deciduous forests, and low-intensity development.   

 

Using the Soil Conservation Services (SCS) Curve Number method, a curve number is identified based on soil types and 

land cover and then used to estimate the amount of direct runoff associated with a given amount of rainfall.xxxiv  For 

example, Type B soil used for agriculture has a curve number of 75, Type B soil with forests has a curve number of 55, 

and Type C soil used for agriculture has a curve number of 82.  The higher the curve number, the larger the direct runoff 

associated with a rainfall event.  Using this method, we estimated the runoff potential across the area and noted higher 

runoff potential in the Northwest portion. (See Figure 29.) 

 

Next, we applied a 10-year 24-hour rainfall amount to estimate the amount of runoff (adjusted by area) in each drainage 

unit in the area. xxxv (See Figure 30.) Based on this analysis, the drainage basins along the Northwest Expressway as well 

as along the northern areas of this region yield significantly higher amounts of surface runoff than the rest of the region.  

However, this type of analysis – though a helpful guide in areas that may be more prone to higher runoff potential based 

on soil and land cover - does not account for topography (See next section for topography influences on runoff).  These 

areas may benefit from mitigation strategies of the adverse effects of surface runoff. 
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Figure 26.  Soils hydrologic groups for Northwestern Baltimore County.  (Baltimore County Government) 



Streams, Water Table, and Flooding 

32 
 

 

Figure 27.  Land cover types for Northwestern Baltimore County (Baltimore County Government) 
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Figure 28.  This figure presents the calculated runoff potential based on applying the USDS Soil Conservation Services (SCS) Curve 
method.  This simplified method suggests the degree of runoff that could occur if a rainfall event occurred. The higher the value, the 
greater the potential for runoff.  The method assigns values for the potential maximum retention after runoff begins based on the 
land use type (e.g., agriculture, high density residential) and the hydrologic soil group. 
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Figure 29.  Estimate runoff in watersheds within Northwestern Baltimore County for a 10-year 24-hour precipitation event based on the calculated 
runoff potential.   
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Potential for Flooding 

A topographic analysis was also performed to identify areas within Northwestern Baltimore County that are at a higher 

risk of flooding from precipitation events.  When an intense precipitation event occurs, rainwater will accumulate in the 

streams, flow through the drainage points (termed “pour points”) defined by the topography, and, if unable to drain, will 

begin to flood the land in each drainage unit.   The figure below identifies drainage areas as denoted by the black lines. 

For example, note the top portion of the watershed is 

separated by 2 black lines, with a red circle where the two 

black lines meet.  When precipitation falls into a drainage 

area, the topography channels the water into the streams, 

and ultimately the flowing water leaves the drainage area 

at the pour point denoted by the red circle.  If the 

precipitation event is heavy, the water table is high, or the 

stream is blocked, flooding may occur.  This analysis looks 

at areas that – based on topography and drainage – are at 

potential risk to flooding. 

We used the 2.5 feet Digital Elevation Model (DEM) provided by the State of Maryland, where a digital elevation model 

is a 3-D representation of terrain elevation, and the flow direction and flow accumulation tools in ArcMap 10.5.xxxvi The 

flow direction tool calculates the direction the water will flow for each given modeled cell, where a modeled cell is a unit 

of land area in the valley.  The flow accumulation tool estimates the number of surrounding cells where water flows into 

a modeled cell. The value is high for stream beds and low for ridges.  This process identifies the spatial areas where 

rainfall drains into individual stream segments. Next, the locations of the pour points were identified.  Based on this 

analysis, a relative elevation map that identifies the elevation of a location to its corresponding pour point was 

produced.  The greater the relative elevation for a given location, the less apt the location is to flooding. (See Figure 31)  

When intense precipitation events occur, flooding within each drainage unit may occur starting at the lower relative 

elevation and then expand to higher elevations. Therefore, a low relative elevation (areas marked in light blue) indicates 

a higher risk of flooding.   Some of these particularly low relative elevation areas are flat-bottom valleys situated on 

marble bedrock – a rock that has low permeability (unless a fracture has occurred in the rock). (See Figure 21 for 

locations of marble bedrock.) 

Combining the areas of high runoff potential with areas at flood risk can provide useful information.  For example, the 

northwest section of the region has high runoff potential based on the soil type and land cover.  This would suggest the 

flood risk areas defined by low relative elevation in the northwest section are at greater risk during a rain event as more 

precipitation is accumulating in the streams than being absorbed into the soils.  Further, regions that are located 

downstream may also be more vulnerable.   

Ideally, critical and essential infrastructure and construction should be avoided in these flood potential areas when 

possible.  For agricultural land, owners may want to consider stormwater management options to reduce potential 

flooded and/or saturated soils.  Additionally, and more importantly, floodplain stream restoration should be highly 

considered in high risk areas to mitigate flooding and restore the historic hydrology and topography. 

 

 

Figure 30. The components of the watershed (Source ERSI) 
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Figure 31.  Relative elevation between a point to its pour point.  
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Impacts of a Changing Climate 

A changing climate, including changes in the average precipitation, temperatures, and precipitation events, comes into 

play when considering how streams and the water table may be impacted.  Over the past several decades, streams in the 

eastern United States, including in the Mid-Atlantic Region, have experienced higher discharges attributed to climate 

change.xxxvii This is driven, in part, by increased storm frequency and precipitation, as well as changes in land cover and 

land use.xxxviii  

Future changes in land use could exacerbate stressors related to changes in climate.  Increases in impervious surfaces has 

been linked to a number of detrimental effects, such as: (1) adverse environments for aquatic ecosystems; (2) streambank 

erosion and changing hydrologic regime; (3) increasing concentrations of metals and other pollutants; and (4) increasing 

water temperatures.xxxix Trout are particularly sensitive to these impacts. (See Textbox entitled, “Brook Trout.”) This 

analysis focuses on potential impacts of changing precipitation and does not consider how land use, water demand, 

changes in population, changes in vegetation, and impervious surfaces may change in the coming decades. Land use and 

land cover changes can have substantial positive or negative effects on land and resources impacted by climate change.  

Water Table 
The water table may rise above today’s conditions in response to slightly higher amounts of monthly and annual 

precipitation.  In the coming decades, month-to-month variability in the water table could increase in response to 

intensified precipitation events, overall increases in wetness, and extreme summertime temperatures.  

Runoff and StreamFlow 
As experienced over recent years, there has been large year-to-year variability in annual precipitation and in extreme 

rainfall events.  The natural variability that occurs year-to-year and day-to-day that can lead to significantly higher or lower 

rainfall amounts may not be adequately captured by the climate analysis. This study applied a generalized extreme value 

distribution to project future change in extreme rainfall events and found that these events are projected to become 

heavier over the coming century.  Heavier rainfall events could lead to increased runoff in regions with high runoff 

potential. (See Figure 29.) Heavier rainfall events will also lead to increased streamflow that could contribute to stream 

bank erosion (i.e., with increasing water velocity/force) potentially changing the shape of the channel and carrying 

nutrients, toxins, sediment and debris downstream.  Those locations in lower relative elevations are anticipated to be at 

greater risk to the combination of increased groundwater and streamflow. (See Figure 32.) Potential increases in water 

temperatures is a concern in areas where additional heated water from stormwater facilities or runoff from pavement or 

other heated surfaces may negatively affect streams, particularly those classified as trout habitat.  

This finding is consistent with recent research that has suggested the atmosphere can hold an additional 7% of water 

vapor for every 1.8F (1C) rise of global annual temperaturexl - where higher amounts of water vapor in the atmosphere 

can lead to more intense precipitation events.xli  Projecting how extreme precipitation events may change under future 

climate conditions remains an area of active research.   

Overall, the Mid-Atlantic is projected to experience greater annual variations in streamflow, with potential increases in 

both lower and higher flow events throughout the year.xlii Recently, streams have experienced an increasing number of 

heavy streamflow days.  This trend is projected to continue – one study suggested heavy streamflow days in the Mid-

Atlantic may increase by 19 days from 2028 to 2082 under a high scenario.xliii   
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Table 6.  Future conditions that may lead to changes in streamflow 

Factors leading to increased streamflow Factors leading to decreased streamflow 

- Heavier extreme precipitation events lead to 
increases in peak streamflow and potential 
erosion.  

- Increased water table with increased seasonal 
precipitation may increase the occurrence of 
springs and seepage into streams.  

- Runoff may be reduced in late winter/early spring 
if temperatures warm sufficiently to allow 
vegetation to begin growth earlier in the year. 

- Summer temperatures are projected to increase 
which will increase evaporation of water bodies 
and evapotranspiration from vegetation.   

 

Brook Trout 

Maryland provides special protections to waters that serve as natural trout waters (assigned Use-III) and 

recreational trout waters (assigned Use-IV).  The relationship between streamflow characteristics and biological 

taxa is not well understood.  However, it is understood that trout are sensitive to water temperatures and prefer 

cooler streams.  Brook trout will not occupy streams with summer temperatures that go above 75F (24C). 

Maryland’s Brook Management Plan (2006) suggests that survival is affected if water temperatures exceed 68F.   

Maryland has experienced declines in brook trout 
distribution and abundance largely attributed to 
stream degradation from human activities such as 
development, forest clearing and agriculture.  
Further, increases in impervious land cover has 
been correlated to increases in stream 
temperatures, sediment, and habitat instability, 
where trout are particularly threatened if total 
impervious cover is more than 10 to 15% (though 
even less can have adverse effects).   
 
Maryland’s Brook Management Plan suggests that 
the groundwater temperature, which is a good 
indicator of brook trout’s range in streams, is 
typically equal to the annual average air 
temperature.  Based on the analysis summarized 
earlier in this report, this suggests that 
temperatures will be too high for trout survival in 
Maryland by end-of-century under the high 
scenario, unless steps are taken to ameliorate. 
Actions to limit the rise in air temperature and to 
enhance the cooling of surface waters and water 
that feeds or is discharged to streams are needed 
to preserve these high-quality streams. 
 
Source: Stranko et al., 2008.  Brook Trout Declines with Land 
Cover and Temperature Changes in Maryland. North 
American Journal of Fisheries Management 28:1223–1232; 
Maryland Department of Natural Resources Fisheries Service 
Inland Fisheries Management Division, 2006. Maryland Brook 
Trout Fisheries Management Plan; USGS, 2012.  A Science 
Plan for a Comprehensive Assessment of Water Supply in the 
Region Underlain by Fractured Rick in Maryland. 

 

 
Figure 32.  Tier II Waters and Trout Distribution.  Where yellow icon 
identifies brook trout, green icon identifies brown and brook trout, and 
blue icon identifies brown trout.  Black hatched areas are Tier II 
watersheds and the blue lines denote Tier II streams. (Source: Baltimore 
County Master Plan 2020 (2010)) 
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Stormwater Management Strategies  

Managing stormwater will be a major component of resiliency moving forward. Much of Baltimore County was 

developed before stormwater management regulations were in place.  Even those facilities built in recent decades may 

be inadequate for the heavy rain events that are now occurring and predicted to continue. Most of the county, the area 

outside the URDL, has no drainage pipe system and must absorb rainwater. Areas inside the URDL, served by 

stormwater and sewer systems, are currently experiencing major problems during rain events, with stormwater 

infiltrating old sewer pipes and causing substantial overflows of contaminated water into streams and the Chesapeake 

Bay. These intense storms are expected to increase in frequency and intensity.  

To adequately deal with future extreme precipitation events, existing systems must be evaluated and improved where 

needed. In addition, some facilities may need expanded capacity or to be updated or replaced; areas may need to add 

rain gardens, rain barrels, green roofs and other environmental design features that help offset heavy flows; new 

technology that provides real-time monitoring to better manage water during major events should be employed; and an 

effort to increase open space and vegetation and reduce impervious surfaces in flood-prone areas should be made. 

Regulations governing stormwater should be reconsidered to ensure that runoff from heavier rain events can be 

properly monitored and managed. Baltimore County’s design manual was adopted in 2010 and provides guidelines for 

designing stormwater assets.xliv  These guidelines should be reviewed to ensure projected changes in design standards 

are considered (for example, an asset with a long enough life span that is designed to accommodate the 10-year 

precipitation event).  

Wetlands 
 
Wetlands include marshes, swamps, bogs, and fens, and 
provide important habitats as well as absorb and slow 
runoff and flood waters.  Wetlands provide numerous 
ecosystem services including:xlv 
- Absorb  excess nutrients, sediment and other 

pollutants as flood water travels through wetlands to 
streams and other water bodies. As water moves 
around plants in the wetland environment, sediment 
in the water may drop out and settle onto the 
wetland floor.  Plant roots and soil microorganisms 
may absorb nutrients dissolved in the flood water (in 
fact, artificial wetlands have been used to treat 
stormwater and wastewater).   

- Serve as natural sponges by storing water thereby 
slowing water flow and allowing for groundwater 
recharge.    

- Provide outdoor recreation. 
Both the Maryland’s Nontidal Wetlands Act and the 
Chesapeake Bay Agreement have requirements to 
achieve a “no net loss” of wetland acreage and function.  

Forest buffers along streams 
 
According to Baltimore County legislation, forest buffers 
along streams provide the following services:xlvi 

- Restore and maintain the chemical, physical, and 
biological integrity of the water resources; 

- Filter nutrients and toxics; 
- Reduce erosion and control sedimentation; 
- Stabilize stream banks; 
- Provide infiltration of stormwater runoff; 
- Maintain base flow of streams; 
- Provide the organic matter that is the source of 

food and energy for the aquatic ecosystem; 
- Provide tree canopy to shade streams and 

encourage trout and other desirable aquatic 
species; 

- Provide riparian wildlife habitat; 
- Provide scenic value and recreational 

opportunity; and 
- Minimize public investment in waterway 

restoration, stormwater management, and other 
water resource expenditures. 

 
 

For riverine flooding, floodplain stream restoration offers a way to increase floodplain storage, infiltration rates and 

wetted surface area, and plant uptake and filtration. Targeted stream restoration can guide restoration to areas that will 
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provide the most benefit for water quality and water quantity. Conserving land in or around the floodplain is also 

important. 

Terms such as “bomb cyclone” sound extreme, but they are illustrative of what is happening with regard to today’s 

storm events. As temperatures rise, 100-year storms are becoming more frequent, and how frequent and how heavy 

they are will ultimately determine the realized costs and degree of damage. When the ground is saturated and streams 

are overflowing, additional stormwater can be catastrophic. It needs to be contained, slowed, managed, and distributed 

in a time and manner that helps alleviate flooding and avoids overwhelming infrastructure and neighborhoods. Care 

must also be taken not to add to the problem by increasing the percentage of impervious surfaces in a given watershed 

or installing/approving stormwater management facilities that are inadequate for the now more frequent heavy storms. 

Resilient, sustainable communities will be those that planned ahead for managing runoff in heavy or extreme rain 

events. 

Designing to Handle Storm Events 
 
Using observations, NOAA calculates the average 24-hour 
rainfall for storms with varying frequency.  A storm that has a 
50% chance of occurring in any given year – also known as a 
storm with a 2-year return period – has a rainfall rate of 3.02” 
at Westminster, Maryland.  Different locations around the 
country have different precipitation amounts for this storm 
event, so the value for the storm event varies by location.  It’s 
important to note that a 2-year storm does not mean this 
event will happen every two years nor that a 100-year storm 
will happen every hundred years.  It indicates the probability 
of storm events occurring based on long-term 
observations.  It’s plausible for a 100-year storm to occur one 
year after another.  Under a changing climate, the rainfall 
amounts of stronger storms have largely increased around 
much of the country.  The concern is that this trend will 
continue over the coming decades.  This would translate to 
rainfall rates associated with the 100-year event (e.g., 7.93” in 
Westminster, Maryland) becoming more likely to occur in the 
future (e.g., 7.93” rainfall could become more representative 
of a 75-year or 50-year event).  
 
This raises the question whether the current design standards 
will be adequate to handle future conditions.  However, the 
analysis is more complicated as there are a lot of factors to 
consider when translating the future changes in rainfall to 
changes in streamflow and flooding, such as the geographic 
pattern of rainfall intensity and duration across the watershed 
during a storm event, soil saturation, land surface, and 
watershed characteristics.  The current state of practice is to 
run a hydrologic model that inputs future rainfall scenarios 
and outputs changes in streamflow.  The future change in 
streamflow can then be used to inform whether the current 
design values warrant revisions.  
 

 

 

 

Storm’s 

Return 

Period 

Probability the storm 

could happen this 

year 

Rainfall 

amount over 

24-hour period 

2-year This storm has a 50% 

chance of occurring 

this year 

3.02” 

5-year This storm has a 20% 

chance of occurring 

this year 

3.87” 

10-year This storm has a 10% 

chance of occurring 

this year 

4.61” 

100-year This storm has a 1% 

chance of occurring 

this year 

7.93” 

500-year This storm has a 0.2% 

chance of occurring 

this year 

11.3” 

*Precipitation frequency estimates for Westminster, Maryland are 
from NOAA Atlas-14, Volume 2, Version 3.  
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Example of Local Floodplain Restoration.  A recent LandStudies’ project in Lancaster County found multiple benefits 

from a floodplain restoration effort.xlvii  The objective of the restoration was to reduce stormwater runoff peaks and 

volumes to below pre-development levels; provide water quality treatment to stormwater runoff prior to entering 

surface waters; and increase stream channel stability while decreasing bank erosion.  Measures undertaken include: 

floodplain grading/legacy sediment removal, channel relocation, 300 feet of new stream channel, installation of in-

stream structures, and creation of over 5 acres of wetland.  A co-benefit that resulted from this effort was decreasing 

exposure to solar radiation thereby reducing stream temperature, leading to improved stream health.  This project 

demonstrates how stream restoration and careful application of best management practices can lead to significant 

improvements across a range of issues.   

Protecting Drinking Water.  Baltimore County has three reservoirs that provide drinking water for 1.8 million people. 

Overall, the World Resource Institute has shown that green infrastructure can support optimal service delivery and lead 

to realized cost savings for water suppliers and customers.  Green infrastructure uses soils, vegetation and other natural 

elements to restore natural processes that help manage water and create healthier urban environments.  Components 

may include forest conservation, restoration, or forest/agricultural best practices. Additional benefits for water suppliers 

of protecting, managing, and restoring natural systems within the watershed include:xlviii 

 “Better moderate sediment and nutrient fluxes and improve downstream water quality, thereby helping water 

suppliers meet water quality standards; 

 Lower costs for water suppliers compared to gray infrastructure options and recover investment costs; 

 Help mitigate the impacts of climate change and natural hazards (e.g., droughts and floods) to avoid service 

disruptions and failures; and 

 Generate numerous co-benefits for the local communities and society such as recreation, public health 

improvement, and carbon sequestration.” 

Environmental design elements, such as rain gardens and green streets, also have important co-benefits including 

replenishing local groundwater reserves.  Infiltration-based practices in parking lots and near building allow rainwater to 

soak slowly into the ground.  These additional benefits may be important if summer months become hotter in the 

coming decades, but need to be balanced if the water table begins to trend upward over time.  

Stormwater Management Facilities in Baltimore County.xlix Stormwater management includes efforts that reduce 

runoff during heavy periods of precipitation such as detention ponds, wetlands, and underground storage. Through June 

30, 2018, a total of 4,757 stormwater management facilities have been approved in Baltimore County serving 42,233 

acres of land, of which 3,594 have been built and have approved built-ins.  More than half of these approved facilities 

are private facilities.  Of the 3,847 facilities built (this includes with and without approved as-builts), extended detention 

ponds represent the greatest number of facilities (~30%) and coverage of drainage areas. (See Table 7.)  Inspection of 

these facilities is currently on a three-year cycle. In years with above average rainfall, additional inspections and 

evaluations may be warranted.   
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Table 7.  Total Facilities Built by Watershed and Ownership through Fiscal Year 2018 (Source: Baltimore County’s NPDES 2018 Annual Report) 

Facility Type Responsible Party Number of Facilities Drainage Area 
(Acreage)*  

Detention Ponds, Underground Storage, 
Oil and Grit Separators 

Private 355 3,626 

Public 222 6,439 

Extended Detention Ponds Private 659 5,126 

Public 515 6,998 

Wet Ponds and Wetlands Private 132 4,511 

Public 194 5,084 

Infiltration Practices Private 238 731 

Public 133 826 

Sand Filters, Bioretention, Filter Strips, 
Swales 

Private 456 1,469 

Public 362 2,369 

Environmental Site Design Private 465 406 

Public 112 165 

Totals Private 2,305 15,870 

Public 1,538 21,881 

Total 3,843 37,751 
*Drainage areas are rounded to the nearest acre.  (Note the number of facilities total 3,488 when summed by facility type.  This difference is 

between the total private facilities of 2,305 and the 1,900 private facilities listed by facility type (i.e., 355 private facilities are not included in the 

facility type data but are included in the totals).)   

Structural measures to reduce runoff.  There are also measures property owners and communities can take to reduce 

runoff and ponding.  These include: 

 Green roofs in place of conventional roofs which also provide aesthetic value; 

 Reinforced turf as an open load-bearing material with a vegetated or gravel surface with runoff characteristics 

similar to open spaces; 

 Disconnection of rooftop runoff where water flows from roof downspouts onto permeable vegetated areas or 

into rain barrels, 

 Disconnection of driveways and small parking lots where runoff is directed from impervious surfaces onto 

permeable vegetated areas; and 

 Conservation buffers such as grassed waterways, contour grass strips, field borders, filter strips, riparian 

buffers, or ponds used to slow runoff, trap fertilizers and pesticides, reduce soil erosion and protect wildlife and 

provides aesthetic and recreational value as well as protects wildlife. 

Recommendations 

Based on this analyses and discussions with stakeholder, the following recommendations should be considered to 

support stormwater management: 

 Identify redevelopment targets inside the URDL where stormwater management can be improved, green 
infrastructure enhanced, ecosystem functions restored, and communities revitalized; develop incentives to 
attract developers to these opportunities. 

 Identify stream segments that would deliver the most benefit from restoration, and target mitigation efforts to 
these areas; explore the NASA Carbon Monitoring System and associated work in Maryland with the University 
of Maryland and Nature Conservancy to determine how to use the detailed tree cover data to identify places 
where restoration can best intercept runoff or improve habitat areas.l  
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 Utilize new technology that can directly monitor and control stormwater infrastructure in real-time and improve 
the function of stormwater management systemsli  

 Require monitoring of old and new methods of stormwater management to determine the effectiveness under 
today’s changing conditions. 

 Consider ways to better protect areas of low elevation that are increasingly flood-prone and build this into 
reviews, approvals, plans, policies and practices.  

 Review stormwater regulations to ensure they will result in facilities that can handle heavy rain events and avoid 
granting waivers, variances, and special exceptions in areas where problems are known to exist and could easily 
be exacerbated. This includes reviewing design standards provided by the County and considering how future 
change may impact these values. 
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Forests 

 

Forests and trees play a critical role in removing carbon dioxide from the air, absorbing air pollution such as ozone and 

particles, releasing oxygen for us to breathe, and absorbing rainwater and reducing erosion.  Trees reduce hot 

summertime temperatures through shade and cooling from evapotranspiration, reducing energy demand for cooling 

houses, buildings, and motor vehicles.  Forest management can play a critical role in establishing healthy, productive 

forests over the coming century even in the face of a changing climate.lii  

Historically, Baltimore County was mostly forested land with 95% under forest cover at the onset of the European 

settlement.  Available observations suggest about 34% of the County is forested based on 1995 to 1997 digitized aerial 

photography of leaf off conditions.liii  Using the 2016 land cover dataset from the Chesapeake Conservancy, the County’s 

tree canopy is at 43.4%.  Tree canopy is the area that is covered by trees when viewed from above.  The forests are 

highly fragmented both by ownership, with an estimated 50,000 owners, and by geography, covering more than 9,000 

patches of forest with an average forest area being 14.6 acres. liv  (See Figure 34.) As would be expected, there is a 

greater portion of forested land outside the URDL (~73% of the entire forested land in the County is located outside the 

URDL or 137,128 acres) than inside the URDL (~26.8% of the County’s entire forested land is inside the URDL or 50,168 

acres). lv  Though trees play a significant role in watershed stabilization, none of the 14 major watersheds in Baltimore 

County has more than 50% forest cover. 

Over the past few decades, the County has enacted regulations and provided incentive programs to protect the existing 

forested land including the State Forest Conservation Act.  This act is responsible for about 65% of the forests being 

retained on development sites. lvi  Since the mid-1970s, the Resource Conservation zoning has been instrumental in 

protecting about two-thirds of the County’s agricultural and environmentally sensitive lands from intensive 

development.  These efforts have protected more than 66,716 acres in the County, moving towards the goal of 80,000 

acres by 2020. lvii Though, even with these acts and programs in place, forests have continued to be lost at approximately 

245 acres of forest per year to land development.lviii  A 2007 report suggests that 26% of the forest cover in the County is 

not protected by public ownership, conservation easements, or protected stream buffers.lix    

Key Findings 

 Two forest health assessments conducted in Northwest Baltimore County suggest overcrowding of 

trees, dense canopy closure, invasive species, and deer have compromised forest health.  Forest 

fragmentation was also noted as an obstacle.   

 Diversification of tree stock, while managing for invasive tree species, may support forest health so 

that forests can sustain future impacts under a changing climate, including changes in pests and 

fungus. Continued implementation of forest management strategies and practices, such as prescriptive 

thinning, should be conducted. 

 Oaks are considered robust against future climate change under the low scenario, but could be 

compromised by mid-century under the high scenario.  Because of this, it is recommended to monitor 

oak health and trends over time, along with revisiting these findings as climate projections are 

updated. 

 Understanding how pests and fungus may change in response to a changing climate is an area of active 

research.  Based on current understandings, pests and fungus may benefit from warming 

temperatures and will require additional management and resources.   
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According to the 2016 US Forest Service Inventory and Analysis Annual Summary of Permanent Plots in Maryland, oak-

hickory is the dominant forest type in Maryland, covering more than 50% of the forested land across Baltimore County.lx  

This is consistent with findings of the 2002 Mid-Atlantic Analysis Project that suggested mixed oak is the dominant forest 

type in Baltimore County, specifically red oak, white oak, and chestnut oak representing 69% of the forested land.lxi  

These trees are noted for ground stability and resilience to flooding, and historically represent the dominant tree species 

in the area.   

This section explores the impact of climate on forest health by describing the current and projected forest conditions, 

and identifies management strategies that may be beneficial for the community to consider. 

 

Figure 33.  Land Cover for Baltimore County (Source: Chesapeake Conservancy High resolution land cover dataset for years 2013/2014). 
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Impacts on Today’s Forests 

Baltimore County Department of Environmental Protection and 

Sustainability conducted forest health assessments for two forest patches 

located in Northwestern Baltimore County, specifically Forest Patch 178 (a 

341-acre forested block owned by multiple landowners in the Butler-

Glyndon area of Baltimore County) and Oregon Ridge Park (Baltimore 

County Department of Recreation and Parks park with 900 acres of 

contiguous forest). (See Figure 35.)   

Major findings of the Forest Patch 178 report (2012) include: 

 Oak dominance or co-dominance accounts for 77% or 263 acres 

and are considered a “keystone species” in supporting hatchlings 

of songbirds, including forest interior dwelling bird species, and 

caterpillars (the larval form of forest moths).   Caterpillars of more 

than 534 moth species prefer to eat oak foliage rather than any 

other tree species in the forest; these caterpillars are a key food 

source for hatchlings with caterpillar populations peaking during 

springtime bird nesting activities.  Any loss of oak trees is 

particularly problematic as this species of trees is effective at 

absorbing nitrogen, limiting the concentrations that reach the  

 

Forest Ecosystem Services 

Within Baltimore County, forests provide a number of important ecosystem services to the community including: 

 Reduce of flooding and soil erosion during storms, 

 Stabilize watersheds, 

 Clean water flowing into streams through nitrogen absorption (denitrification of the water),  

 Provide critical habitat for wildlife, 

 Provide venue for nature-based recreation, 

 Provide aesthetic enhancements to the landscape, 

 Cool surrounding areas, and 

 Reduce greenhouse gases through carbon sequestration (trees absorbing carbon dioxide from the surrounding 

air). 

The region outside the URDL plays a stronger role regarding carbon sequestration as forested areas in a rural setting 

tend to be in environments that increases a tree’s ability to store carbon.  These trees tend to have more above-ground 

biomass than trees in a maintained urban setting.    

Sources: Protection of Natural Resources Working Group Draft Final Report; The State of Our Forests –2007 report; Baltimore County’s 

environment webpage on forests and trees.  

 
 

Figure 34.  Locations of two forest patches studied 
by the Baltimore County Department of 
Environmental Protection and Sustainability. 
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Chesapeake Bay. Management is strongly encouraged to maintain and enhance oak dominance within the forest 

ecosystem 

 The study area was divided into 19 forest stands. The most dominant overstory tree species across 7 to 11 forest 

stands include: chestnut oak, black oak, tuliptree, and red maple.  Additional tree species noted in significant 

numbers at 1 to 3 of the forest stands include: black gum, northern oak, white oak, virginia pine, black cherry, 

scarlet oak, black walnut, ash, hickory, and sassafras.  

 All of the forest stands have a significant amount of unhealthy trees ranging from 23% to almost 69% (averaging 

about 47% across stands), demonstrated by growth deformities or other characteristics such as damage or 

disease that prevent the trees from reaching optimal growth.  Overcrowding of trees was also noted in a 

number of the forest stands. 

 Dominant species for regeneration, defined by stems per acre, include oak at 45%, black cherry at 40%, other at 

9%, blackgum at 5%, and red maple at 2%. Regeneration of oaks and tuliptrees are being compromised by the 

dense canopy closure and deer.   

The Oregon Ridge report (2007) also found that oak species dominated 80% of the 895 forested acres.  Of the 22 forest 

stands studied, 20 forest stands were more than 100 years old.  Overcrowding was a concern for 14 forest stands.  

Overcrowding leads to stressed trees, increasing vulnerabilities to gypsy moth infestations (such as the 2006 

infestation).  Overcrowding can also create a closed canopy condition that supports the growth of shade tolerant trees, 

such as the black gum and red maple, and compromise oak; however, these species do not provide the same ecosystem 

services as the oak. Deer browsing was identified to be responsible for the 54% of the field stands sampled that lacked 

oak regeneration.   The stream assessment found that almost 98% of the stream length ranged from fair to excellent 

stability conditions, and 88% of the stream system supported fair to excellent habitat conditions.  

Recently, across the larger Piedmont region, there has been a shift in forest composition to greater numbers of loblolly, 

sycamore, sweetgum, and poplar trees, but these species remain at significantly lower numbers representing under 13% 

of the forested land and are not necessarily significant in Northwest Baltimore County.lxii  In part, the Mid-Atlantic 

Analysis Project attributed the shift across the Piedmont region to the reduction in the health of oak trees through the 

introduction of non-native invasive species such as the gypsy moth that attacks oak trees, as well as the increase in the 

deer population that eats the oak saplings and ground cover.  Another study, The State of the Chesapeake Forest report 

(2006), suggests that changes in forest composition in the Chesapeake forest has been particularly favorable for black 

cherry and red maple.  The report further suggests that red maple is replacing other tree species that have greater 

habitat value.lxiii  Ad hoc discussions with local stakeholders based on observations suggest that yellow poplar (tuliptree) 

and ash are growing in numbers as well as juniper and maple.   

This analysis developed a first-order conceptual diagram to capture these and other important relationships that affect 

forest health (Figure 36).  Note that this diagram was developed for the study area and does not include additional 

factors important for other parts of the country (e.g., wildfire, landslides). 
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Figure 35. First-order conceptual diagram of key factors when considering forest health in Baltimore County (developed by WSP through discussions 
with local stakeholders and informed by literature review). 

A healthy forest is one that exhibits diversity in species, age, size, and overall structure, and provides an adequate 

setting for regeneration.  Stepping through key elements in the diagram: 

 Changes in Climate (threat/opportunity).  Trees, in general, can sustain a range of future changes in 

temperature and precipitation.  However, long-term changes in temperature can affect water availability, 

survival of species, and strongly influence tree migration. If the projected summer heat is compounded with 

drought conditions, then tree health may be compromised and become more susceptible to pests and diseases.  

Older trees that have a well-developed root system will fare better than younger saplings or seedlings.lxiv 

Stressed trees may exhibit: yellowing of leaves (followed by leaf loss), reduced leaf size, and early leaf drop in the 

fall.  Over the coming century, trees in the county may be influenced through changes in ground saturation, 

extreme precipitation events, and wind events impacting the stability of trees; these conditions are generally 

projected to increase across the country.2   

 Tree Species Viability. Tree species viability describes trees that are self-sustaining by being sufficiently 

abundant with a diversity in age and size.lxv Individual trees can be damaged by wind, drought, flooding, insect 

outbreaks, and pathogens, while forests can be damaged by tornadoes, hurricanes, wildfires, large-scale river 

flooding, and catastrophic insect and pathogen outbreaks.lxvi  Though these disturbances can have positive 

effects such as creating conditions ripe for forest regeneration, they can also lead to unhealthy forests.  Changes 

in precipitation and temperature can also affect the overall viability of varying tree species in the region, leading 

                                                           
2 Note that drought is not a focus of this section as the climate analysis did not suggest significant future increases in drought 
conditions (that is, climate projections for this region suggest monthly precipitation and the total number of days of rain per year are 
projected to keep within the range of current conditions).  Future work could include running a drought model (or assessing a 
drought indicator) using future climate simulations. 
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to dieback of certain species and migration of others. Invasive tree species that have been noted in Maryland 

include: black locust, Bradford pear, Norway maple, princess tree, and tree of heaven.lxvii  Additional factors that 

can affect forest health include overcrowding of trees leading to a reduction in light breaking through the tree 

canopy.  Overcrowding can stress trees, making trees more vulnerable to extreme conditions and pests, and 

encourage growth of shade tolerant trees.  Finally, a healthy forest includes trees of varying levels of maturity 

while an aging forest will be more susceptible to mortality. 

 Pests (threat).  A pest is any species, strain, or biotype that can injure trees including plants, animals, or 

pathogenic agent.  Climate conditions can affect the prevalence of pests, which have a variety of effects on 

different tree species and directly impact tree viability.  The gypsy moth has been prolific and detrimental to the 

health of oak trees. Other parts of the country have experienced an increase in nonnative pests as minimum 

winter temperatures have increased.lxviii  Ash trees have been threatened by the emerald ash borer (EAB), a 

small green beetle, which is an invasive pest that has killed ash trees across the MidWest and Eastern United 

States.lxix Fungal pathogens (fungus) are expected to benefit from the rising temperatures, particularly in areas 

with stressed trees, with specific varieties being further dependent on how precipitation changes.lxx  Though not 

currently observed in Baltimore County, new forms of fungus may be introduced over time.  For example, the 

oak wilt is a disease that occurs when oaks are exposed to a fungus (Bretziella fagacearum) spread tree-to-tree 

by insects causing leaf discoloration, wilt, defoliation, and death.  Oak wilt began in the Midwest and has spread 

to Maryland counties (currently pushing against the county next to Baltimore County).  How pests and fungus 

may change under a changing climate is an area of active and growing research. 

 Biodiversity.  Biodiversity of a forest refers to all life forms within the forested area, realizing a biologically 

diverse forest tends to support a system that can adapt to changing environmental conditions while maintaining 

ecosystem functions.lxxi Biodiversity is affected by pests, as they limit survival rates and decrease species 

diversity. In particular, fungus on oaks is a major problem in Baltimore County, as is bacterial leaf scourge. As 

noted by the forest health assessments, there has been a reduction in oak regeneration due, in part, to deer 

eating the saplings and closed canopy conditions. There is concern that oaks are being replaced by tree types 

that do not provide the same ecosystem services (e.g., absorbing nitrogen). Birds are considered an excellent 

indicator of environmental health and ecosystem integrity. Since the 1970s, there has been a reduction of 

temperate and boreal breeding songbirds across eastern forests.lxxii  North America has experienced an 

estimated loss of 3 billion birds (representing 29% of the bird population in 1970), and eastern forests have 

experienced an estimated loss of 26 million birds. Continued reductions in birds could lead to an increase in 

moth populations. It is unclear the underlying causes of these dramatic reductions in songbirds, and remains an 

area of active research.   

 Forestry Practices (opportunity).  Forestry practices, such as monitoring the growth of species, ensuring older 

growth remains, controlling rate of deforestation, managing deer population, and managing undergrowth, all 

affect the forest health through limiting fragmentation, enhancing biodiversity, and controlling invasive species.  

Forest practices also include thinning of trees to reduce overcrowding and increase forest health. 
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Impacts of a Changing Climate 

Overall, across Eastern United States, a shift of forest species to more southern varieties is expected over the coming 

century.lxxiii Eastern forests are projected to experience gradual changes with pockets of rapid change driven by small-

scale disturbances.lxxiv  A challenge is that not all species can adjust to the changing conditions, leading to a loss of 

biodiversity associated with Maryland’s forests.lxxv  Forests may be further compromised if additional climate-induced 

stressors such as drought, wind events, or insect outbreaks occur. The challenge with such impacts is that it can take 

decades for a forest to re-establish after such events. 

Reviewing the literature, we developed a small set of climate indicators to assess forest health. (See table below.)   

Table 8.  Forest health climate indicators 

 
Temperature Indicators Precipitation Indicators 

Oak  Average yearly temperature of 40 to 60F  Ideal growing precipitation at 40 
inches/year 

 White oak prefers moist well drained 
soils 

Trees  Extreme summer temperatures compounded with 
drought 

 Heavy precipitation events can lead to 
tree damage due to flooding 

 Trees can be stressed by flood exposure 

Gypsy moth  Gypsy moth eggs survive down to -20F  Increased rain may limit the spread of 
larvae of gypsy moths, constraining an 
outbreak 

 Drought conditions may increase 
populations 

Emerald ash 
borer 

 Survive winters when temperatures remain above 

about -30F 

 Thrive during summer days that are warm and 
sunny 

 

 

Oak trees.  Oak trees thrive when annual average temperatures are between 40F to 60 F.  Under future conditions, 

the low scenario suggests future climate will remain within this ideal range. (See Figure 10.)  This is consistent with a 

previous national study that suggested under a low scenario, end-of-century temperatures remain within the range 

Importance of Continued Management of the White-tailed Deer Population under a Changing Climate 

The white-tailed deer has had a large impact on Mid-Atlantic forests, leading to a reduction in forest diversity with 

limited tree regeneration and an increase in deer-resistant tree species. Deer population is relatively high, estimated 

recently at over 200,000 in Maryland, compared to near-extirpation in the 1700s.  United States Department of 

Agriculture (USDA) has estimated deer were responsible for 80% of the more than $9 million in Maryland wildlife-

related crop damage in 2008.  Ad hoc information from local residents suggest deer are eating oak saplings, leading to 

favorable conditions for invasive species.  It is not understood how the white-tailed deer population may be affected by 

future changes in climate; however, it is understood that if the deer population is not well-managed, it will amplify any 

forest health stresses caused by climate change.  

Source: USDA 2018, Mid-Atlantic Forest Ecosystem Vulnerability Assessment and Synthesis; Maryland’s White-tailed Deer Plan 2009-2018. 
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favored by oak-hickory.lxxvi  The high scenario, however, suggests annual temperatures could exceed these averages by 

mid-century (2050-2074).  These rising temperatures could cause significant stress on oak trees and may also amplify 

the existing concerns for oak regeneration. 

Tree vulnerabilities to future conditions. Future changes in flooding, heavy precipitation events, and extreme heat were 

considered in assessing overall tree vulnerabilities: 

 Flooding can cause direct damage to trees by changing soil conditions and introducing other stressors that may 

weaken trees and make them susceptible to insects and diseases.  Floods during the tree growing season, 

particularly later spring and during warmer weather, are more likely to damage trees than during winter 

months.  The degree of impact varies by tree species, as some species are flood tolerant.  Projections suggest 

that heavy rainfall events could amplify under a changing climate potentially leading to heavier flood events in 

flood prone areas.  This may impact trees along the stream bank if increased water velocity is particularly strong, 

leading to stream bank erosion.   

 Heavy precipitation events may increase the risk of falling trees.  Heavy precipitation events are likely to become 

more intense under a changing climate. 

 Tree health may be compromised and become more susceptible to pests and diseases when summer heat is 

compounded with drought conditions.  Older trees that have a well-developed root system will fare better than 

younger saplings or seedlings.lxxvii  For this location, projections suggest summer heat will become more extreme 

in temperature and increase in the number of hot days.  The projections do not indicate that drought conditions 

will become an increased concern based on monthly precipitation and total number of rainy days.  

Gypsy moth.  It is unclear how gypsy moths may be impacted under future conditions.  This region does not experience 

the very cold temperatures of below -20F that is required to kill gypsy moth eggs.  Extreme precipitation events are 

projected to increase which – if timed well with the larvae cycle – could reduce the spread of gypsy moths.  Drought 

conditions may stress trees, increasing a gypsy moth infestation.lxxviii  In addition, a Michigan study found that drought 

conditions reduced a specific fungus that killed caterpillars leading to a gypsy moth infestation.lxxix  Conversely, this study 

found the fungus levels increased in response to steady rains leading to a massive die-off of gypsy moth caterpillars.  

Additional analysis is required to understand these relationships in Northwestern Baltimore County as well as to assess 

how drought conditions may change in the future. Overall, for this location, future total monthly precipitation and 

average total number of days with rain are not projected to significantly change; however, it is understood year-to-year 

variability will continue to be a concern. 

Emerald ash borer (EAB). Though the ash population does not dominate this location, there was concern voiced 

amongst the local stakeholders regarding EAB populations that warranted further investigation. Unfortunately, the 

greatest danger to emerald ash borer are significant cold winter temperatures (less than -30F, though some mortality 

may occur above this threshold), much lower than what Northwestern Baltimore County currently experiences.  In 

Minnesota, where ash trees have suffered significant loss due to the emerald ash borer, forestry management is 

considering adding yellow birch and red maple to diversify the tree population.lxxx  Currently, there is not a well-

understood link between EAB populations and climate change, though warmer and sunnier summer days will likely be 

beneficial for the EAB populations. 
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USDA study on Tree Species Viability in Mid-Atlantic Under a Changing Climate 

 

Recently, the United Stated Department of Agriculture (USDA) conducted an assessment to evaluate key 

vulnerabilities for forest ecosystems in the Mid-Atlantic region under a future climate.lxxxi  Two climate futures were 

considered: (1) a low warming simulationlxxxii, and (2) a high warming simulationlxxxiii.  Table 9 presents the projected 

change in potential growth by 2100 for 30 tree species relative to 1980-2009.  Under the low warming simulation, 20 

tree species are projected to experience relatively no change in growth, 8 species to experience a decline in growth 

and 2 species to experience favorable growth conditions.  This is compared to the high warming simulation which 

suggests 7 tree species are projected to experience relatively no change in growth, 18 species to experience a decline 

in growth, 4 species at significant risk, and 1 species to experience favorable growth conditions.  Overall, loblolly pine 

is projected to experience favorable growth under both scenarios.  Balsam fir, black spruce, eastern hemlock, eastern 

white pine, pitch pine, quaking aspen, red spruce, Virginia pine, and yellow birch are all projected to experience 

reductions in growth to no longer existing in the region.   

Table 9.  Projected change for growth potential for 30 tree species in the Piedmont region in 2100 relative to 1980 to 2009. (provided in 
alphabetical order and for all tree species considered, regardless of populations within Northwestern Baltimore County to provide a fuller 
understanding of impacts of a changing climate; Source: USDA 2018, Mid-Atlantic Forest Ecosystem Vulnerability Assessment and Synthesis) 

Tree Species Low Warming Future High Warming Future Positive (green) or 
Negative (red) Outcome 
under both Futures 

American beech No change Large decrease  

Balsam fir Large decrease  Extirpated  

Black cherry No change Small decrease  

Black oak No change Large decrease   

Black spruce Large decrease Extirpated  

Black tupelo No change No change  

Chestnut oak No change Large decrease  

Eastern hemlock Small decrease Large decrease   

Eastern red cedar  No change No change  

Eastern white pine Small decrease Large decrease   

Flowering dogwood No change No change  

Loblolly pine Large increase Large increase  

Northern red oak No change Large decrease  

Northern white-cedar No change Large decrease   

Pignut hickory No change Large decrease  

Pitch pine Small decrease Large decrease  

Post oak No change No change  

Quaking aspen Small decrease Extirpated  

Red maple No change Small decrease  

Red spruce Large decrease Extirpated  

Scarlet oak No change Large decrease  

Shagbark hickory No change Large decrease  

Shortleaf pine No change No change  

Southern red oak No change No change  

Sugar maple No change Large decrease   

Tulip tree No change Small decrease  

Virginia pine Small increase Large decrease  

White ash No change Small decrease  

White oak No change No change  

Yellow birch Small decrease Large decrease  
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Benefits of Rising Carbon Concentrations and Temperatures  

Tree growth may benefit from increases in atmospheric carbon dioxide, if the soils have adequate nutrients of nitrogen 

and phosphorous.  These nutrients can be provided through healthy soil microbes and fungi.  A recent 2019 study 

suggests that, overall, carbon dioxide levels at the end of century could increase biomass by 12%, with the Baltimore 

County region estimated to increase biomass by about 5%.lxxxiv  (See Figure 37.) If trees are not affected by pests, are 

within appropriate temperature and precipitation regimes, and are situated in healthy soils, tree growth will benefit 

from the projected future carbon concentrations. 

 

Figure 36. Potential increase in plant biomass in the U.S. for carbon dioxide levels expected in 2100. (Source: César Terrer) 

Worldwide and regionally, there is also evidence that warming temperatures over the past century have increased the 

growing season leading to increases in forest growth and carbon sequestration.lxxxv   Significant modeling efforts using 

new forest carbon monitoring across the state of Maryland estimates above-ground carbon stock to be 110.8 teragrams 

of carbon (Tg C).  However, the estimated potential of carbon sequestration for the state was nearly twice this amount, 

suggesting significant potential from reforestation and afforestation (that is, planting trees where trees did not 

historically exist).lxxxvi   

 

Forest Management Strategies  

Reforesting.  Reforesting can re-introduce the tree canopy where leaves will intercept some rain that can evaporate 

before reaching the ground, as well as reduce the velocity of falling rain before hitting the surface below.  In the fall, 

when trees lose their leaves, the leaves help build up the humus-rich soil.  Tree roots at the surface can intercept rain 

water as it flows over the land and sub-surface roots deep in the soil can help the soil dry out and increase its 

In the United States, forest and croplands currently sequester the equivalent of 12 percent of U.S. 

carbon dioxide emissions from the energy, transportation and industrial sectors (US EPA). 
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permeability.  That said, it is still uncertain the role reforesting can play in rural areas to prevent flooding.  A recent study 

found that extensive planting of trees on floodplains along with river restoration could reduce peak flood depth 

downstream by 20%.  Over time, reductions in peak floods are projected to increase as the trees mature.lxxxvii 

Introducing trees in urban environments.  Urban environments – such as found inside the URDL – also benefit from 

introducing trees and other vegetation into the urban landscape beyond just their role in stormwater management.  

Beyond the aesthetic benefits of trees, trees play a critical role in reducing environmental pollution and water 

contamination, absorbing carbon dioxide and toxic gases like methane. Trees provide shade and reduce the percent of 

impervious surfaces – this helps to reduce the heat island effect (where urban environments experience hotter 

temperatures compared to nearby rural areas).   

Forest Stewardship.  Both the State of Maryland and Baltimore County are engaging in a number of efforts to support 

forest health, including: County reforestation and forest management, Maryland Department of Agriculture (MDA) 

Cooperative Gypsy Moth Suppression Program, invasive species suppression, selective harvests to reduce overcrowding 

of trees, and deer herd management.lxxxviii  

The Maryland Forest Service also suggests a variety of strategies for supporting healthy forest stewardship:lxxxix  

 Thin forests to maintain reasonable densities for a mix of species and ages focusing first on unhealthy trees and 

areas of overcrowding, while diversifying species when planting.  Consider drought-resistant species and 

consider using vented planting tubes to minimize heat stress to seedlings.  Avoid planting if severe drought has 

been predicted. 

 Introduce connectivity across woodland parcels to allow tree species and wildlife the ability to migrate over 

time, while conversely managing against wildfire through fuel breaks such as roadway or thinned area. 

 Control invasive species, invasive vines, deer, while monitoring against disease and insects. 

 Identify programs available to help pay for needed forest management activities. 

Recommendations 

From this analysis, the following recommendations could benefit the Northwest Baltimore County community: 

 Provide continued support of existing programs that protect forest health. Forest management, either at the 

governmental level or for-profit private enterprises, will be critical for sustaining forest health.     

 Remove invasive tree species and foster a good selection of canopy trees.  This may be the best option for 

sustaining future forest health (recommended through communications with local forestry management).  

Diversification of tree stock, while managing for invasive tree species, may support forest health so that forests 

can sustain future impacts under a changing climate, including changes in pests and fungus.  

 Oaks are considered robust against future climate change under the low scenario, but could be compromised by 

mid-century under the high scenario.  Because of this, it is recommended to monitor oak health and trends over 

time, along with revisiting these findings as climate projections are updated. 

 Continue to keep up-to-date on carbon sequestration analyses in the region to identify tree species and 

elements within a tree’s life cycle that are optimum for absorbing carbon from the atmosphere. 

 Continue to monitor forest health, pests, and invasive species and consider ways to communicate with the 

public when/if events strike.  This includes identifying and communicating any new pests or fungus. 

 Develop a database that stores critical information, such as tree species, tree health, pests, and fungus, to 

support the assessment of long-term trends over time.  Providing a mechanism that also dates these entries will 

aid in identifying the weather conditions that led to or amplified impacts.  This can inform developing 

relationships between the weather stressors and the associated impacts, as well as be useful when developing 
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long-term trends that may be influenced by changing climate conditions.  If the database was geoprocessed 

(possibly through crowd sourcing), then hot spot analyses and geographic trends could be developed. 

 Continue to foster relationships with the local universities and experts, provide a forum or link to their work to 

ensure up-to-date research and findings are being effectively integrated into VPC and county activities.  Provide 

suggested areas of research.  

 Explore the NASA Carbon Monitoring System and associated work in Maryland with the University of Maryland 

and Nature Conservancy to determine how to use the detailed tree cover data to identify places where 

restoration can best intercept runoff or improve habitat areas.xc  
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Farmland and Soils 

Historically, farming has played an essential role in Maryland settlements and its corresponding growth. Today, more 

than 80% of Maryland farms are owned by individuals or families, with the remaining farms owned through 

partnerships, corporations, or other.xci  According to the USDA agricultural census of 2017, Maryland has 12,429 farms 

covering 1,990,122 acres, with approximately 72% of this farmland dedicated to crops. Within Baltimore County, 708 

farms cover 76,123 acres, of which cropland covers 50,468 acres across 468 farms.xcii  This translates to 66% of the 

farmland being used for crops, 13% is used for pastureland, and 11% is wooded (the remaining 9% is classified as 

“other”). Approximately 1% of farmland is irrigated.   

According to the USDA agricultural census of 2017, a smaller portion of these farms grow the majority of the County’s 

corn and soybean bushels. In 2017, 83 farms, representing approximately 36% of the County’s cropland, grew corn for 

grain, and 76 farms, about 27% of the County’s cropland, grew soybean.  In 2017, corn sales (about $12.6M) were 

almost double soybean sales (about $7M), though sales of both crops decreased - about 29% for corn and 9% for 

soybean since 2012. 

Much of Northwestern Baltimore County has land located in agricultural priority preservation areas. (See Figure 38.)  To 

that end, the County has successfully used a variety of land preservation programs for agricultural and natural resources 

to protect more than 66,000 acres under easement programs. (See Section entitled, Northwestern Baltimore County.) 

 

Northwestern Baltimore County is abundant with prime, productive soils  
suitable for agriculture. 

 

Key Findings 
 Agriculture is an important economic driver in the region and is part of the fabric of the County’s culture and 

identity.  Sustainable agriculture has a strong future in Baltimore County with its prime farmland and 

favorable weather conditions.  Sustainable agriculture includes such methods as minimizing soil disturbance 

and maximizing plant diversity which can also help offset the future changes in climate by increasing carbon 

sequestration and aid in local food production. 

 Baltimore county has been actively engaged in protecting farmland through agricultural and environmental 

easements, a practice that provides a sustainable future for its residents and local food security.   

 Under future climate conditions, crops may require some adaptive practices to ensure farmers can continue 

to produce strong crop yields and support the sequestration of greenhouse gases.  Specifically, practices 

should address water management during periods of too much or too little rain along with reducing the 

impacts of hot summer temperatures. 

 Baltimore County may be further incentivized over the coming decades to continue farming and provide 

incentives to protect agricultural lands given its productive soils and more favorable future changes in 

climate compared to other farming communities across the country.   

 Farmers may be well-positioned to balance commodity production that supports economic vitality with local 

food production that supports community sustainability. 
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Prime Farmland   

Baltimore County hosts significant swaths of prime farmland.  As 

defined by the U.S. Department of Agriculture, prime farmland is well 

suited for food, feed, forage, fiber, and oilseed crops with favorable soil 

qualities, growing season, and ample moisture supply, thereby 

requiring minimal resources and, in turn, causing minimal 

environmental damage. (See textbox.)   Much of the Northwestern 

Baltimore County includes prime farmland or farmland of statewide 

importance. (See Figure 39.)  Most of the soils in Northwestern 

Baltimore County have moderately low runoff potential as defined by 

Group B (Figure 27) and good drainage soils (Figure 40), lending well to 

farming.  

 

 

 

Prime Farmland Description 

 Minimum amount of surface rocks 

 Low susceptibility to erosion  

 Favorable pH 

 Acceptable level of content of salt 

and sodium 

 Water and air permeability 

 Not subject to prolonged saturation 

 Nearly level to gently sloping 

topography 

 Rarely or never flood during the 

growing season 

Source: USDA, Natural Resources Conservation 

Service, Maryland  

Figure 37.  (Figure on left) Land that is an agricultural priority preservation area (stripped). (Figure on right) Land that is 
covered by a land preservation easement. (Source: Baltimore County Land Preservation GIS portal). 



Farmland and Soils 

58 
 

 

Figure 38.  Map of Farmland Classes for Baltimore County. Source:  USDA Natural Resources Conservation Service, Maryland 
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/md/soils/surveys/).  Developed in 2012 from a June 2011 Soil Survey Geographic Database Dataset. 

 

https://www.nrcs.usda.gov/wps/portal/nrcs/main/md/soils/surveys/
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Figure 39.  Drainage Class Map for Baltimore County.  Source:  USDA Natural Resources Conservation Service, Maryland 
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/md/soils/surveys/).  Developed in 2012 from a June 2011 Soil Survey Geographic Database 
Dataset.  Data provided in tabular form obtained from the U.S. Department of Agriculture definition of Hydrological Soil Groups (HSG).  Part 630 
Hydrology National Engineering Handbook; Chapter 7. Hydrology Soil Groups. 

  

https://www.nrcs.usda.gov/wps/portal/nrcs/main/md/soils/surveys/
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The USDA further organizes the 2011 soil-survey results into like soil categories primarily to identify soils that are well 

suited (or not) for agriculture. (See Table 10.)  The Mason-Dixon region of Maryland has the greatest combined amount 

of Class 2 and Class 3 soils (~61%).  The biggest limitation for soils in the area is the susceptibility to erosion. 

Soils for Northwestern Baltimore county fall under the range of Classes defined in Table 10.  Hillier areas in the region 

are classified by the higher Classes and, as such, are not suitable for crop cultivation. (See Figure 41.) Much of the region 

falls under the lower numbered classes, that range from ideal conditions for crop cultivation to requiring some level of 

management practices or have less of a selection of suitable crops that can be grown. 

 

 

 

 

Table 10.  Description of Soil Classifications for agricultural purposes. (Data provided in tabular form obtained 
Land-Capability Classification, Agriculture Handbook No. 2010; Soil Conservation Service USDA (1973).) 
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Figure 40.  Map of Land Capability Classes for Baltimore County.  Source:  USDA Natural Resources Conservation Service, Maryland 
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/md/soils/surveys/).  Developed in 2012 from a June 2011 Soil Survey Geographic Database 
Dataset.  Data provided in tabular form obtained Land-Capability Classification, Agriculture Handbook No. 2010; Soil Conservation Service USDA 
(1973). 

https://www.nrcs.usda.gov/wps/portal/nrcs/main/md/soils/surveys/
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Impacts on Today’s Crops 

A number of factors, including changes in climate, affect crop efficiency.  The conceptual diagram shown below captures 

many of these first-order factors relevant to farmers in Northwestern Baltimore County.  Though this report primarily 

focuses on the impacts of a changing climate, it is important to understand the other primary stressors, particularly if 

these stressors are equal to or greater than that posed by climate. 

 

Figure 41.  First-order conceptual diagram of key factors when considering crop efficiency in Baltimore County (developed by WSP through 
discussions with local stakeholders and informed by literature review). 

Stepping through a few of the main factors illustrated in the diagram: 

 Changes in climate (threat/opportunity):  Changes in temperature and precipitation can shift harvesting and 

planting dates, affect soil moisture and crop viability.  Crop types generally have optimum temperature and 

rainfall conditions for growth as well as survival.  Another important metric for crops is the growing season, 

which generally starts after the last spring freeze.  If farmers decide to begin crop activity earlier in late 

winter/early spring because temperatures are warmer than normal, there is a greater chance of exposing crops 

to a possible freeze that might still occur even with warming temperatures, having significant impacts on the 

crop yield. Precipitation can initially improve crop efficiency, but increased precipitation increases flood events, 

which can cause damage to crops; note that cover crops are an exception.  Working the fields can also be 

problematic if the ground remains wet for longer periods of time.  Later summer dry spells can also make 

working the fields challenging for farmers.  

 Land ownership and leasing (threat):  In Baltimore County, a large portion of active farming occurs on leased 

land.  Owners that lease the land to farmers may also be interested in utilizing the land for other financial 

opportunities that are allowable under zoning and regulations, such as installing solar power.  Residents are 

increasingly demanding protection of prime and productive soil from these commercial uses when other land 

exists that is suitable. Baltimore County allows solar facilities on agricultural land while a number of Maryland 

counties do not. Though these activities may help the state reach renewable energy goals, there are tradeoffs 

involved when prime farmland is converted to these nonfarming activities that may degrade the soil reducing its 
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capacity to ever return to crop-use.  Once land is removed from agricultural production it rarely returns to that 

use. 

 Pests (threat):  Pests such as deer, insects, and microorganisms affect crop efficiency by destroying crops.  Ad 

hoc discussions with local farmers suggest that farmland adjacent to public lands are more susceptible to deer 

and weeds.  Changes in temperature and precipitation can affect the viability of these pests as well as the 

environment they require for survival.  Rising minimum temperatures and reductions in the length of dormancy 

may increase the survivability and number of pests and weeds. 

 Technological advances and best practices (opportunity):  Implementing technological advances and best 

practices, such as a shift away from monoculture, can provide additional benefits such as less pesticides and 

improved soil moisture. Some farmers in Baltimore County are already using no-till practices, computer 

technologies, and cover crops like clover and radishes.  Increasing these numbers should be encouraged by the 

County. 

 Soil health (threat/opportunity): Increasing the frequency and intensity of severe downpours under a changing 

climate can lead to runoff and erosion, stripping healthy soils of key nutrients as well as exposing farmland to 

pollutants in ponding areas.  Droughts and enhanced evaporation can lead to soil stress by killing vital living soil 

ecosystems. Some Maryland farmers are already participating in anti-pollution programs to protect Chesapeake 

Bay waters by reducing nitrogen and phosphorous runoff (subsidized by the State’s cover crop program).   Cover 

crops are being used to protect fields from erosion, suppress weeds and pests, and improve soil health, 

supported for some farmland through grants from the Chesapeake Bay Restoration Fund and the Chesapeake 

and Atlantic Coastal Bays Trust Fund.xciii   

Impacts of a Changing Climate  

To consider how climate may affect a diversity of crops, we selected a range of climate indicators to provide insight 

regarding future viability.  This analysis focused on 6 generalized crop climate indicators to consider how changes in 

temperature and precipitation may affect crop yield. (See Table below and Section entitled, “Future Climate.”)    

Table 11.  Crop climate indicators in this analysis 

Crop Climate 
Indicator 

Benefits Threats Future Conditions 

Growing Degree 
Days (GDD) 

The higher 
GDD may 
indicate 
better 
conditions for 
growing 
crops 

Migration of weeds Favorable:  Higher GDD 

Frost Days  Occurring after planting may damage crops and 
reduce harvest 

Favorable:  Increase in frost free 
season 

Monthly rainfall 
during growing 
season 

Adequate 
monthly 
rainfall in 
non-irrigated 
farmland  

Inadequate monthly rainfall in non-irrigated 
farmland 

Mixed:  Similar/increase rainfall 

Warming 
Winters 

May allow for 
earlier sowing  

May increase pests and potential for disease 
Required for dormancy for some crops 

Mixed:  Warmer winter 
temperatures 
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Extreme 
summertime 
heat 

 Extreme heat may impact crop growth and 
survival 
Reduce soil moisture and increase 
evapotranspiration 

Unfavorable: Increase in hot 
days 

Flooding  Flooded farmland can damage crops Unfavorable: Potential increase 
in heavy rainfall events 

 

Favorable future conditions include an increase in growing degree days and a decrease in the annual number of frost 

days.  However, timing of frosts will be important as budding that occurs too early can increase the risk of spring frost 

damage.  Some studies suggest that such spring frost events may remain the same or increase due to the increasing 

variability in daily temperature.xciv  

Unfavorable conditions include hotter summers and an increase in heavier rainfall events.  Though precipitation is 

projected to remain steady or slightly increase, temperature increases may lead to reductions in soil water storage.  The 

evaporative deficit is the difference between potential evapotranspiration (i.e., the amount of evapotranspiration that 

would occur if unlimited water was available) and actual evapotranspiration (i.e., what does occur though recognizing 

water may be limited).  In response to rising temperatures and limited increases in precipitation, the projections suggest 

an increase in evaporative deficit from May through October under both scenarios.  This further suggests that there may 

be some years where soil health is compromised through drying summertime soil moisture.  Overall, the projections 

suggest that the year-to-year variability experienced in rain events, flooding, and extreme heat are likely to continue and 

potentially amplify in future years.   A warming winter may suggest the implementation of cover crops or other 

management practices to reduce the potential increase of pests, disease, and weeds.   

Soybean and corn are two crops that are grown within Northwestern Baltimore County.  Though conditions in the near-

term may be favorable for these crops, intervention may be needed to support growing these crops later this century.  

Soybeans are projected to be exposed to increasingly hot summertime temperatures (beyond their optimum 

temperature range) and flood events, but are projected to see benefits from the reductions in early frost days.  Corn 

may also become challenging to grow under the projected hot summertime temperatures and increased frequency of 

flooded fields. (See Appendix D.)  It is not clear, without localized watershed analyses, whether more fields will be at risk 

to flooding or if flooding will continue to be isolated to those fields experiencing flooding today. Soil moisture is another 

consideration that maintains plant function and mediates microbial activity.  Changes in soil moisture can occur in 

response to changes in temperature, precipitation, runoff, and evapotranspiration, with moisture stress occurring if 

precipitation is not keeping up with evaporation and rising temperatures.xcv 
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Crop Management Strategies and Climate  

Crop management can act as both a source and sink of carbon 

in the atmosphere.  Sources of carbon emissions include the 

production of nitrogen-based fertilizers, machinery that 

depends on the combustion of fossil fuels, residue burning, and 

waste management. Conversely, through photosynthesis, crops 

can remove carbon dioxide from the atmosphere and convert 

the gas into organic carbon.  However, this can be temporary 

storage as when organic carbon decomposes, carbon dioxide is 

released back into the atmosphere through respiration.  

Increasing carbon concentrations in our atmosphere can lead to 

enhanced crop growth and increased crop yields, depending on 

the type of crop, soil type, environmental conditions, and 

management practices.  However, if carbon dioxide levels 

become too high, crops may become bigger but at a loss of 

nutritional value.xcvi   

Of all the mechanisms that store carbon on land thereby 

removing carbon from the Earth’s atmosphere, soils are the 

largest carbon sink serving a critical role in long-term benefits 

against climate change.  However, natural and human 

disturbance can be one factor that reduces the soil’s carbon storage.  Farming practices and technologies can reduce 

carbon emissions by preserving or enhancing carbon storage in soils. Management techniques such as conservation 

tillage, organic production, cover cropping and crop rotations can drastically increase the amount of carbon stored in 

soils:xcvii 

 Conservation tillage: When soil is tilled or plowed, soil is exposed to the air allowing soil organic matter to 

combine with oxygen creating carbon dioxide that is then released into the atmosphere.  Conservation tillage 

purposely leaves residue from a previous crop on the soil surface, thereby reducing tillage that disturbs the soils 

and thereby reducing the release of soil carbon into the atmosphere.  This approach also increases the soil’s 

capacity to serve as a carbon sink.  Other benefits include: improved water conservation, reduced soil erosion, 

reduced fuel consumption, reduced compaction, increased planting and harvesting flexibility, reduced labor 

requirements and improved soil tilth.  

 Organic production:   Soil organic matter is increased by using composted animal manures and cover crops.  By 

using this approach, carbon emissions may also be reduced through less production and transportation of 

synthetic fertilizers.  In addition, soil organic matter helps store carbon in the soils and may maintain nutrient 

levels in the soils for a longer period of time.xcviii   

 Cover crops:  Cover crops are generally short-term crops that will reduce soil erosion, increase soil fertility, 

support water management, reduce weeds, pests, and/or diseases.  Dense cover crops can reduce the impact of 

heavy rain on soil erosion, as well as water runoff from the fields.  Through the cover crops root system, water 

can infiltrate into the soils to enhance soil water storage as well as recharge aquifers. Crops that grow in spring 

may require farmers to kill these crops through mowing or other techniques, leaving the cover crop to serve as 

mulch for the cash crop.  Cover crops may also be planted in rows beside cash crops to serve as mulch for the 

following year and to improve soil health.  Examples of cover crops include rye, wheat, barley, and oats.xcix  In 

Maryland, wheat or barley may serve as a later summer and fall cover crop. 

Figure 42.  Flowchart describing some of the benefits of 
healthier soils.  (Source: developed by WSP based on the 
literature and stakeholder discussions) 
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 Crop rotation:  Crop rotation is the process of growing different crops throughout the year.  Each crop is 

selected based on nutrient needs – so the crops are rotating which nutrients will be drawn from or added to the 

soil.  This process reduces soil erosion and increases soil fertility.  Given the length of the growing season in 

Maryland, farmers may have the opportunity for crop rotation, including double-crop soybeans immediately 

following a midsummer small grain harvest.c   

These land use practices are already in use across some farms in Baltimore County.  Many forms of these conservation 

practices not only support healthy soils but also conserve moisture, increase crop yields, reduce soil erosion, increase 

the carbon retained by the soil, and reduce carbon emissions.3 (See Table 12.) Local farmers can apply for grants to 

implement these conservation practices, such as those from the Chesapeake Bay Program that support no till and cover 

crops.   An added benefit of cover crops is the reduction of nitrogen, phosphorous, and sediments entering the Bay, 

decreasing pollutants that create water quality problems.  There may also be opportunities to work with private 

investment companies that are encouraging and investing in sustainable farming practices within the United States and 

worldwide.  Finally, as converting crop lands to pasture or prairies will increase carbon sequestration, there has been a 

movement that recommends paying farmers to implement such practices as a way to combat increasing concentrations 

of carbon dioxide in the atmosphere.ci   

Table 12.  Agricultural practices and benefits (Source: NRCS.  http://soils.usda.gov/survey/global_climate_change.html) 

 

In addition to agricultural management of crops, there are also new crop varieties that are more tolerant to heat, 

drought, or pests and disease.  These new varieties may help farmers adapt to a changing climate.cii  In addition, 

Maryland farmers may shift over time to crop varieties that are more in line with plant hardiness zones of Southern 

neighbors. Baltimore County should engage with the Maryland Department of Agriculture or Extension service in testing 

and developing crops which are bred to deal with expected changes; for example, Antietem Blush apples which ripen 

later in the season and can withstand hotter conditions.ciii  

                                                           
3 For additional resources on improving soil health see: http://www.soilhealthinstitute.org/Home/Search 

Other Agricultural Commodities: Importance of the Equine Industry 

In addition to strong agricultural production, Baltimore County has a thriving horse industry.  In fact, the 

American Horse Council’s 2018 Economic Impact Study suggests the horse industry brings more than $1.3 

billion to Maryland’s economy.  According to the 2017 Census of Agriculture Profile for Baltimore County, 13% 

of the county farmland is pastureland.  Similar to cultivated lands, pastures can also be an asset for resiliency in 

the face of climate change.  Management plays an important role and can result in better grazing areas and 

environmental benefits.  Keeping the number of animals to an optimal size for the pasture is a critical part of 

pasture management, and methods like rotational grazing and periodic dragging can help enrich the soil, keep 

the ground covered in healthy grass, and soak up rain and carbon.   
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To also help reduce dependency and emissions from fossil-fuel combustion, some farms and agricultural businesses 

have considered solar power.  However, the process of installing and maintaining solar panels reduces the use of 

farmland for crops by damaging prime soils and reducing crop land acreage.  To protect prime soils, it is beneficial to 

consider the following guidance from the American Farmland Trust in identifying smart solar siting: (1) use marginal 

lands for solar installation away from the best agricultural lands; (2) engage stakeholders from agriculture, conservation, 

and clean energy to identify solar siting policies; and (3) create a clearinghouse of information with best practices and 

policies to support local and state policymakers.civ   

Importance of Agriculture in Baltimore County 

Northwestern Baltimore County could be a “winner” for crops compared to other agricultural communities across the 

country. Though hotter summer temperatures and increasing heavy rainfall events will likely require farmers in the 

County to consider management strategies, other parts of the country may experience larger worsening conditions 

under climate change.  Over the coming century, this may translate to higher prices for agricultural commodities, 

positioning those farmers that are located in more favorable conditions to flourish.  

Over the coming decades, farmland and crop production in the Western United States, the Midwest, and the Southeast 

are projected to be increasingly vulnerable to the changing climate: cv 

 Irrigated farmland in the western United States, northern Midwest, and Southeast may become problematic 

with declining water resources including surface and groundwater reservoirs.  For example, one of the most 

productive farm belts in the world is the Ogallala Aquifer region in the Midwest – however, major portions of 

this aquifer are now considered a nonrenewable resource with reduced well output in response to excessive 

pumping coupled with drought conditions. For this region, drought conditions are projected to increase in 

duration and intensity over the next 50 years.  

 The Midwest and Western part of the country are projected to experience reduction in summer rainfall that will 

amplify the impact of hotter summer temperatures on crop growth and development.  The upper Midwest is 

also projected to continue to experience heavy precipitation during winter and spring months, which may lead 

to flooding of farmlands and soil erosion.  

 There is also concern of enhanced disease and pest outbreaks and wildfires. 

 Summer temperatures for the Southeast and Southern Central United States have average summer 

temperatures that are projected to exceed temperature thresholds for optimum crop growth, particularly under 

the high scenario. 

 

  “Climate change is also expected to lead to large-scale shifts in the availability and prices of many 

agricultural products across the world, with corresponding impacts on U.S. agricultural producers and 

the U.S. economy. These changes threaten future gains in commodity crop production and put rural 

livelihoods at risk.”  [U.S. Global Change Research Program Fourth National Climate Assessment Report 

(2018)] 
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Recommendations  

Based on this analyses and discussions with stakeholders, the following recommendations should be considered to 

support a sustainable future: 

 Provide incentives and continue support of existing easement programs that serve as a mechanism to protect 

prime farmland for future generations.  

 Provide programs that support both commodity and local food production.  A sustainable future includes 

providing food security for the local community.  

 Consider restrictions that curtail any uses of prime farmland that adversely impact or irreversibly affect soil 

health, reducing the ability to later convert back to farmland. 

 Engage local universities and other crop experts to keep informed regarding techniques and research that 

support crop diversity under a changing climate.  This includes extreme summer heat, reduced summertime soil 

moisture, crop hardiness to swings of dry and wet periods, reduction of wintertime dormancy, and 

soggy/flooded fields. 

 Incorporate sustainable agricultural techniques into farming practices.  The County should continue to support 

the farming community by providing information, resources, and best practices regarding sustainable 

agriculture.  These techniques should also consider ways to improve and/or sustain soil health and carbon 

sequestration.  

 Investigate water management techniques that are appropriate for Baltimore County and effective for reducing 

flood conditions, particularly for fields that were flooded during the 2018 event. Though this analysis did not 

suggest a notable decrease in monthly rainfall or days of precipitation per year, additional analyses should be 

conducted that focuses on projecting future change in drought conditions.    

 Continue to support controlled/limited growth in impervious surfaces and the built environment to preserve 

prime farmland and pastures, as well as the added benefits of water infiltration into the soils that reduces soggy 

fields and reducing summertime heat (compared to temperatures inside the URDL).   
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Appendix A. Recent Events 
Summary of recorded events on NOAA’s Storm Events Database from January 2014 through April 2019. 

 

This database only presents what has been recorded and those events that led to death, injury or significant property or 

crop damage. 

Mortality and Injury.   Since 2014, excessive heat and heat were responsible for 15 deaths (July 3, 2018; July 16, 2018; 

August 6, 2018; August 17,2018; August 28, 2018), winter storm was responsible for 2 deaths (December 17, 2016), high 

wind and thunderstorm wind were each responsible for 1 death.  All deaths were recorded to have occurred in the 

Southern Baltimore zone of the county. Winter weather caused 18 recorded injuries, thunderstorm wind records 6 

injuries, and lightning and tornado each recorded 1 injury.  Overall, winter storms and hot days were directly responsible 

for the greatest amount of mortality and injury from weather events. 

Property damage.  Flash floods caused the greatest amount of property damage ($8.7M) compared to the other 

weather event types (see Figure 5).  One event, May 27, 2018, in Chadwick Manor was responsible for $8.6M of 

property damage.  Most other flash floods were more modest ranging from $5k to $20k. Floods, wind events from 

thunderstorms, strong winds, and tornados collectively contributed the remaining $82k damages. 

Event Type Number of Events Number of Deaths Number of Injuries Property Damage Crop Damage

Winter Storm 27 0 0 $0 $0

Winter Weather 90 2 18 $0 $0

Dense Fog 31 0 0 $0 $0

Extreme Cold/Wind Chill 1 0 0 $0 $0

High Wind 13 1 0 $0 $2,000

Frost/Freeze 20 0 0 $0 $0

Flood 61 0 0 $35,000 $0

Flash Flood 78 0 0 $8,665,000 $0

Thunderstorm Wind 133 1 6 $31,000 $6,250

Hail 29 0 0 $0 $0

Ice Storm 2 0 0 $0 $0

Heat 17 7 0 $0 $0

Excessive Heat 3 8 0 $0 $0

Coastal Flood 1 0 0 $0 $0

Cold/Wind Chill 6 0 0 $0 $0

Lightning 1 0 1 $0 $0

Strong Wind 1 0 0 $1,000 $0

Tornado 2 0 1 $15,000 $0

Total 516 19 26 $8,747,000 $8,250
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Figure 43. Property damage for Baltimore County per storm event type from January 2014 through April 2019.  (Source: data compiled from NOAA 
Storm Events Database) 

Crop damage.  Recorded events suggests crops were damaged by both high wind and winds from thunderstorms for a 

total of $8.2k.   
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Appendix B.  Future Climate Analysis 
The future climate analysis focused on how climate is projected to change for the three future time horizons, specifically 

2025-2049, 2050-2074, and 2075-2099 relative to 1981-2010.  The analysis identified key climate factors that collectively 

help inform how forests, agriculture, and water resources may change in the coming decades.   

For this effort, we downloaded statistically downscaled Coupled 

Model Intercomparison Project (CMIP5) daily precipitation and 

temperature data for 25 climate models for 4 grid cells for 2 

emissions scenarios that overlay the VPC region (the data grid 

resolution at 6 km by 6 km).cvi,cvii Though averaging across 4 grid cells 

may reduce some of the extremes noted at a particular grid cell, this 

procedure produces data considered more robust than working from 

just a single grid cell.  Statistical downscaling uses observed 

conditions and past weather conditions to create a relationship 

between larger global climate model grid cells and local conditions.  A 

drawback of statistical downscaling is that it may not adequately 

capture new weather patterns that were not anticipated based on 

current and past conditions. 

 Climate Models.  Climate models simulate past and future 

climate using computer code that replicates natural and man-made systems.  This includes using atmospheric 

principles for large-scale atmospheric phenomena such as the upper-level winds to using parameterizations 

based on empirical data of small-scale phenomena such as cloud development.  Climate models are developed 

and run at institutions around the world, where each climate model uses a distinct selection of algorithms to 

simulate these large-scale to small-scale processes. By using numerous climate models, we hope to capture 

much of the expanse of scientific analysis and model uncertainty. 

 Future Scenarios.  It is unknown how global society may evolve over the coming century (e.g., population 

growth, land-use change, fossil-fuel dependency, mitigation of greenhouse gas emissions, new technologies, 

etc.).  Climate models can be used to simulate several emissions scenarios that represent plausible changes in 

land use, population, fossil fuel use, etc. These emissions scenarios have been developed by the international 

Figure B- 1.  Four grid cells used for this analysis. 

Figure B-2.  Equivalent carbon dioxide (CO2) concentrations in the atmosphere under a series of concentration 
pathways (left) and the projected global temperature (right).   
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climate community and are used to drive climate models.  We have analyzed future projections for low and high 

greenhouse gas concentration scenarios (note that emissions are what is being emitted into the atmosphere for 

a given year, day, or other time slice, while atmospheric concentrations relate to what is accumulating in the 

atmosphere over time; there are many ways greenhouse gases can be emitted to lead to a given atmospheric 

concentration).  For this study, we define the low scenario as being the Representative Concentration Pathway 

(RCP) 4.5 and the high as RCP 8.5 (see Figure B-2).cviii  Using results across two concentration scenarios provide 

us with an indication of how climate may change over time dependent on global society (realizing neither 

scenario is considered more plausible than the other).   

We processed the climate data to estimate future changes in climate indicators for temperature and precipitation under 

the low and high scenarios.cix  Tables B-1 through B-4 provide the results.  The schematic below provides a guide in 

reading these tables.  

 

Note that the larger the range between the 10th and 90th percentile, the greater the model uncertainty in future value.  

Also, the greater the difference in the value of 1 climate indicator under the low (RCP4.5) scenario compared to the high 

(RCP8.5) scenario, the greater the sensitivity of that variable to future decisions regarding greenhouse gas emissions and 

controls. It is important to note that climate models were not developed to estimate future changes in extreme events, 

and though we used the model data to project changes in such events, there is less confidence in these results 

(particularly compared to monthly and annual averages).  

The difference between the future value and the observed value (i.e., future value – observed value) provides the future 

change projected by the models for temperature indicators.  If another observation value is preferred for a particular 

temperature indicator, simply take this difference and add to the preferred observation value.  This will provide the 

future value based on the preferred observation value.  Ideally, the preferred observation value will be for the baseline 

time period used by the models (1981-2010).  For precipitation indicators, the future value was determined by 

multiplying the %-change suggested by the models with the observed value.  If a different observation value is preferred, 

calculate the ratio of the future value over the observed value provided in the table (i.e., future value / observed value) 

and multiply this ratio by the preferred observed value to obtain the new future value.  The exception is the 

precipitation indicators with units of days, for those indicators follow the same method as provided for temperature 

indicators. 
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Also provided are charts for monthly maximum temperature, monthly minimum temperature, and total monthly 

precipitation.  How to read the figures on the following pages: 
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Table B- 1.  Temperature Projections under low scenario (RCP4.5) 
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Table B- 2.  Temperature projections under the high scenario (RCP8.5) 
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Table B- 3.  Precipitation projections under the low scenario (RCP4.5) 

 

 

Table B- 4. Precipitation projections under the high scenario (RCP8.5) 
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We also considered other resources available for this analysis: 

 USGS Portal 

 USDA Agriculture portal 

From these resources, we could glean additional information.   

For hydrological variables, the USGS viewer processes and aggregates the downscaled data to the county scale using a 

monthly water balance model with projected changes in monthly precipitation and temperature.  A comparison of the 

monthly precipitation and temperature provided by the USGS viewer to the climate data that we processed suggests 

comparable results, hence, we are comfortable using the hydrological projections in our study to provide an indication 

of overall changes anticipated for the county.   We obtained the Baltimore County results.  A drawback of this data is 

that results are only provided at monthly resolution.  Though a benefit of working with monthly averages is that the 

climate models are intended to provide statistical summaries of future conditions that work well within this temporal 

resolution.   

We downloaded the hydrological variables for each climate model and emissions scenario.  For each climate model 

driven by a given emissions scenario, we then calculated the projected change for a given variable by subtracting the 

baseline value (1981-2010) from the future projection time period.  We then averaged these differences across all the 

climate models to obtain an ensemble average and calculated the 10th and 90th percentile to quantify model uncertainty.  

The comparison between the two emissions scenarios provides some indication towards emissions uncertainty, as each 

scenario is considered plausible. 
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Runoff.  A portion of precipitation may immediately become runoff during an event.  As precipitation is projected to 

increase over the coming century, it is not surprising that runoff is likewise projected to increase for the winter months 

(see figures below).  However, for much of the year, runoff is projected to remain consistent with today’s conditions or 

to decrease slightly.  The error bars suggest that the range of projections provided by the climate models are not 

statistically significant compared to today’s conditions.  Note, that this is provided for the county and analysis scale, 

there may be variability when analyzing at specific streams. 
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Snow.  As noted by the figures below, there is limited snow water equivalent (SWE) (i.e., liquid water stored in the 

snowpack) from December to March, with the greatest amount in January.  Projections suggest SWE will reduce 

substantially over the coming century and could potentially disappear by 2075-2099. 

 

 

 

 

 

 

  

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

jan feb mar apr may jun jul aug sep oct nov dec

Sn
o

w
 W

at
er

 E
q

u
iv

al
en

t (
in

)

low scenario

1980-2010 2025-2049 2050-2074 2075-2099

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

jan feb mar apr may jun jul aug sep oct nov dec

Sn
o

w
 W

at
er

 E
q

u
iv

al
en

t (
in

ch
es

)

high scenario

1980-2010 2025-2049 2050-2074 2075-2099



 

80 
 

Soil Storage.  Soil water storage provides an indication of both soil moisture and the amount of water stored in the soils.  

Though precipitation is projected to remain steady or slightly increase for most future time periods and scenarios, 

temperature increases appear to dominant the water balance model and suggest reductions in soil water storage.  
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Evaporative Deficit.  The evaporative deficit is the difference between potential evapotranspiration (i.e., the amount of 

evapotranspiration that would occur if unlimited water was available) and actual evapotranspiration (i.e., what does 

occur though recognizing water may be limited).  In response to rising temperatures and limited increases in 

precipitation, the projections suggest an increase in evaporative deficit from May through October under both 

scenarios.  This further suggests that irrigated agriculture may require additional water sources to maintain today’s soil 

moisture conditions. 
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Appendix C.  Stream and Runoff 
Analysis 
 

Stream gage characteristics 

 

Station 
Number 

Name Years 
of 
Record 

Drainage 
Area 
(mi2) 
 

Perimeter 
(mi) 

Length 
(mi) 

Channel 
Slope 
(ft/mi) 

Watershed 
slope 
(ft/ft) 

Basin 
Relief 
(ft) 

Limestone 
(%) 

High 
Elev 
(%) 

Impervious 
area (%) 

Forest 
Cover 
(%) 

1583100 Piney 
Run at 
Dover, 
MD 

25 12.45 28.3 9.0 51.1 0.09213 274.3 0 0 3.4 31.2 

1589440 Jones 
Fall at 
Sorrento, 
MD 

49 25.21 32.3 10.6 32.2 0.08167 237.5 0 0 11.4 35.9 

1583500 Western 
Run at 
Western 
Run, MD 

70 60.31 56.1 18.8 24.2 0.09060 282.2 0 0 1.5 34 

 

Peak-Flow Statistics 

 

 Q1.25 Q1.50 Q2 Q5 Q10 Q25 Q50 Q100 Q200 Q500 

Piney 
Run 

524 636 796 1310 1760 2460 3110 3880 4780 6230 

Jones 
Falls 

636 830 1150 2500 4080 7320 11100 16500 24200 39700 

Western 
Run  

1240 1630 2210 4330 6420 10100 13800 18500 24400 34800 

 

Source: MDOT (2016), Regression Equations for Estimating Flood Discharges for the Piedmont, Blue Ridge and Appalachian Plateau 

Regions in Western Maryland (https://www.roads.maryland.gov/OPR_Research/MD-16-SP309B4D_Regression-

Equations_Report.pdf)  and earlier report: https://www.roads.maryland.gov/OPR_Research/MD-02-SP907C4B-Estimating-the-

Frequency-of-Peak-Flows-in-MD_Report.pdf  

 

https://www.roads.maryland.gov/OPR_Research/MD-16-SP309B4D_Regression-Equations_Report.pdf
https://www.roads.maryland.gov/OPR_Research/MD-16-SP309B4D_Regression-Equations_Report.pdf
https://www.roads.maryland.gov/OPR_Research/MD-02-SP907C4B-Estimating-the-Frequency-of-Peak-Flows-in-MD_Report.pdf
https://www.roads.maryland.gov/OPR_Research/MD-02-SP907C4B-Estimating-the-Frequency-of-Peak-Flows-in-MD_Report.pdf
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Appendix D.  Soybean and Corn 
Analysis 
Soybean 

Anticipating how future conditions may impact soybeans first requires understanding environmental conditions that are 

both beneficial and damaging to the crop.  Two environmental conditions can be particularly problematic for soybeans: 

 Flooding. Flooding can cause soybean damage that includes: (i) stem breakage and lodging, (ii) moisture-swelled 

seeds causing pod splitting, (iii) seeds sprouting or rotting, and (iv) mud contamination. There is less damage if 

the field is able to dry more quickly post flood, suggesting better drainage may be encouraged. For example, 

flooded clay soils have been shown to cause greater crop yield reduction than flooded silt loam soils.cx A large 

portion of Northwestern Baltimore County includes loamy soil, though there are clay soils in the valley areas.  

 Spring frost.  Spring frost can damage soybeans, though younger soybeans that are in earlier stages of growth 

tolerate freezing temperatures a bit better than older soybean.cxi  Fortunately, damage to the soybean does not 

necessarily make soybeans more susceptible to pests and pathogens. 

We looked at a collection of climate indicators to gauge whether changes in future climate could adversely affect 

growing soybeans, in the absence of intervention or management strategies (see Table D-1).      

Table D-1.  Soybean climate indicators. 

 Sow / Seedlings Growth Harvest 

Timing May 10- July 5cxii 90-150 dayscxiii,cxiv Oct 10 – Dec 1 

Precipitation  450-700 mm/total growing period (17 
inches to 27.6 inches)cxv 
 

 

Flood 
Vulnerabilities  

 Floods lasting 2 days or longercxvi 
 

Any duration of late season 
flooding in late September will 
damage the crop (though some 
uncertainty on degree of loss 
and impact on crop quality)   
 

Spring frost Last frost date needs to occur 
before planting  

No freezing temperatures  

Temperatures Ideal range is 55F to 60cxvii 
Reduced seed germination when 

temperatures ranged from 50F 

to 93Fcxviii 
 

Higher temperatures cause the soybean 
plant to more quickly deplete its stored 

energy.  Temperatures above 90F reduce 
pod formation.cxix Upper limit for soybeans 

is from 85F to 99Fcxx 
Increases in average summertime 
maximum daily temperatures can lead to 
reductions in below-average yields 
 
Possibility of freezing soybeans if 
temperatures drops to or below 28 to 

30Fcxxi  
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Precipitation during growth period.  From May through September, Northwestern Baltimore County experiences 

enough rain to support soybean growth without requiring irrigation systems.  Over the coming century, rainfall is 

expected to increase under both future scenarios. 

Frost days.  The number of frost days from May 11 to December 1 is projected to decrease over the coming century.   

Summertime heat.  The number of hot days during the 

summer is projected to increase which may have 

significant impacts on soybean growth and ultimate 

yield.   

 

Corn 

Corn is planted earlier than soybeans and has a longer period of growth below the ground.  This protects the seedlings 

against freezing temperatures during the start of the growing season.   

 Hot days.  Corn is susceptible to loss if exposed to excessive hot days during the growing season.  The longer the 

exposure to heat, the greater the loss.  The timing of when corn is exposed to heat also matters.  A recent 

presentation suggests that exposure to 12 hours of heat could lead to 1% yield loss, while the same exposure 

during silking could lead to 12% yield loss.cxxii,cxxiii  Silking is a stage of corn growth that can occur about 2 months 

after the corn emerges as a seedling. During this time, pollination happens but may be compromised if 

temperatures get too high leading to “blank” areas on the cob.  Heat may also cause kernels to abort a few 

weeks after pollination producing shrunken looking kernels.  These impacts of heat will be magnified if 

compounded with drought conditions. 

We looked at a collection of climate indicators to gauge whether changes in future climate could adversely affect 

growing corn, in the absence of intervention or management strategies (see Table D-2).      

Table D-2.  Corn climate indicators. 

 Sow / Seedlings Growth Harvest 

Timing April 20-June 15cxxiv Growing period from 80 to 110 dayscxxv Sept 10 – Nov 15 

Precipitation  Needs 500-800 mm/total growing period 
(~20-31.5 inches)cxxvi 

 

Flood 
Vulnerabilities  

Flooded and wet soil conditions 
increase the risk of seedling diseases, 

Young corn can survive flooded conditions 
lasting for about two days under warm 
temperatures (at or above the mid-70s, in 
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Figure D-1. Projected changes in precipitation for 3 growth periods for soybean under the low scenario (figure on the left) and the high scenario 
(figure on the right) for near-term, mid-century, and end-of-century time periods.  The grey bars provide the 10th to 90th percentile range providing an 
indication of the range of values from climate model-to- climate model (the bars provide the average across all climate models). 

Soybean yield may suffer from hot summertime temperatures 

and flood events, but could see benefits in the reductions in 

early frost days. 
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 Sow / Seedlings Growth Harvest 

which may become a problem in 
flooded fieldscxxvii 
 
Wet and flooded soils are especially 
favorable for the soilborne, 
moisture-loving pathogens like 
Pythium, which appears to cause 
most damage to corn and soybean 
seedlings. 

degrees Fahrenheit) to four days under 
cooler temperatures (at or below the mid-
60s)cxxviii 
 

Spring frost Not an issue, last frost date is before 
plantingcxxix 

  

Temperatures  Corn survival range: 32F to 110F 

Growth range limits: 41F to 95F 
Optimal growth ranges:  

 Day: 77F to 91F 

 Night: 62F to 74F 

 Mean Seasonal: 68F to 73F cxxx 

 

 

Precipitation during growth period.  From May through September, Northwestern Baltimore County experiences 

enough rain to support soybean growth without requiring irrigation systems.  Over the coming century, rainfall is 

expected to increase under both future scenarios.  However, it is not clear whether there will be a consecutive number 

of dry days that may comprise corn growth. 

  

Figure D-244.  Projected changes in precipitation for 3 growth periods for corn under the low scenario (figure on the left) and the high scenario 
(figure on the right) for near-term, mid-century, and end-of-century time periods.  The grey bars provide the 10th to 90th percentile range providing 
an indication of the range of values from climate model-to- climate model (the bars provide the average across all climate models). 

Temperature range.  Future projections suggest climate will continue to stay within the survival temperature range for 

corn, with the exception of potentially crossing 110F a few days a year by end of century.  Currently, temperatures in 

Northwestern Baltimore County can surpass 95F 

approximately 10 days a year (the upper end of the 

growth range).  This is projected to be surpasses by 22 

days (low scenario) to 25 days (high scenario) in the 

near-term, by 30 days (low scenario) to 43 days (high 

scenario) by mid-century, and by 33 days (low 

scenario) to 68 days by end-of-century. 
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Corn yield may suffer from hot summertime temperatures 

and increased frequency of flooded fields. 
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