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Executive Summary

This assessment synthesizes information about current and projected climate and related impacts at
Martin VVan Buren National Historic Park (MAVA) in order to help park stewards understand, plan,
and manage for climate change. MAVA is dedicated to interpreting the life and career of the eighth
President of the United States and the issues facing the nation in the turbulent decades leading up to
the Civil War. Located in Columbia County, in the Hudson River Valley Region of New York State
(NYS), the park also seeks to showcase and interpret historical and modern progressive farming, as
practiced by Van Buren in the mid-nineteenth century, and by modern farmers working this land
today.

Working with a group of park managers, scientists, and local stake-holders, six key park resources
were identified for assessment herein: Climate, Water quantity, Phenology, Agriculture, Trees, and
Cultural resources. Where data was available, this analysis assessed current condition and considered
mid-century (2030-2060) and end-of-century (2100) impacts based on a range of projected future
climate conditions, including reduced, low, high and highest emission pathways.

Climate change stressors identified for MAVA include: Increased temperature, increased hot days,
increased precipitation, increased extreme precipitation events, increased flooding and erosion,
shifting ranges of both native species and pest, pathogen and weed species, and phenological shifts
and mismatches. Key findings are summarized below.

Climate

The park’s climate has become warmer and wetter over the last century, and these trends are
projected to continue over the coming century. Average temperature at the park has increased by 0.7
(= 0.4) °F, and total yearly precipitation has increased by 13 (+4) %. Continued increases in mean
annual temperature of 3.4-9.7 °F and in total annual precipitation of 7-15 % are projected at the park
by 2100. The largest increases in both temperature and precipitation are predicted for the winter
months, with spring thaw occurring earlier in the year (Gonzalez et al. 2018).

The growing season in Columbia County, NY has lengthened by about 20 days since 1950, to about
160 days, and is projected to continue lengthening throughout the coming century. Future projections
for low and highest emission pathways show further increases resulting in a growing season length
up to 170 to 200 days by 2100 (CSF 2020).

Projections for low and highest emission pathways show large increases in the number of hot (> 90
°F) days in Columbia County by 2100, which may increase both heat stress and temporary drought
stress (CSF 2020, Horton et al. 2014). At the same time, precipitation events have become more
variable and intense in the northeast United States (US) in recent decades (Hayhoe et al. 2018). In
Columbia County, the average number of days of extreme (> 1 inch) precipitation has doubled since
1950 (CSF 2020). Increases in the intensity or frequency of extreme precipitation events can increase
flooding and soil erosion, impacting agriculture and the management of both natural and cultural
resources.
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The level of confidence in current climate trends is high, while projections for future conditions and
impacts contain considerable uncertainty. By considering the range of projections for future change,
park managers can use the best available science as they plan for managing and adapting to the
unprecedented challenges posed by climate change. Detailed climate averages, trends and projections
for the park are included in Appendix A.

Water quantity

Climate is a primary driver of hydrology, and variation in the timing and magnitude of precipitation
and snowmelt are important drivers of change in water quantity. Regionally, streamflow in the
northeast US has increased over recent decades, with peak flow occurring earlier in the season, and
flooding events along rivers and streams have increased (Tamuddun et al. 2016, Dudley et al. 2017).
At MAVA, recent stream discharge data for Kinderhook Creek showed elevated low-flow and mid-
flow discharge compared to the historical record; these low and medium flow conditions are
regulated by upstream power plants.

Projected increases in temperature and precipitation at MAVA by 2030 are expected to drive
moderate increases in runoff from January to March, decreased runoff from April to June, and
possibly small decreases in runoff for the rest of the year, including in late summer when runoff is
lowest (Battaglin et al. 2020). Future flood-risk modeling predicts a 40% increased risk of flood
damage at the park for 2035-2050 under a low emission pathway (First Street Foundation 2020a).
Model visualizations show the projected 5-year flood encroaching on the edges of fields on the
park’s lower terrace, while the projected 100-year flood shows substantial encroachment into fields
on the lower terrace as well as flooding in the park’s Southern Swamp and the ravine connecting
Upper Pond to other park ponds and the lower terrace (First Street Foundation 2020a).

Phenology

Climate is a primary driver of recurrent natural events which are tied to seasonal cycles. such as
flower blooming and insect emergence. Climate change is altering the timing of these events, which
are fundamental to both natural and agricultural systems (IPCC 2014). In temperate fruit trees, bud
break and bloom dates are dependent upon overwinter temperatures to meet chilling requirements,
and are driven by spring temperatures with some influence from solar radiation, moisture availability
and other factors. This is relevant at MAVA, where the park plans to restore a historic orchard.

Analysis of a 40-year record of Mclntosh apple bloom phenology at the Cornell University Hudson
Valley Laboratory farm in Ulster County, NY did not show a significant temporal trend. However, a
modeling effort projected apple bloom dates in central NYS to shift 15 days earlier by 2100 (Wolfe
et al. 2018). Such a shift could leave trees more susceptible to damage from early spring cold
temperature events, and to potential mismatch between emergence times of flowers and key
pollinators. Early season weather-damage to apple crops has been the leading cause of crop insurance
payments in Columbia County NY over the past two decades (Reyes and Elias 2019).

Agriculture
Climate change is causing many direct and indirect impacts to agriculture, creating both
unprecedented challenges and new opportunities in New York State. Increases in heavy precipitation
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events can delay planting, cause physical and flood-related damage to crops, and increase soil
erosion. Hotter summers increase summer heat stress and can cause temporary drought stress, while
warmer night-time temperatures can increase carbon loss from respiration, limiting crop growth and
decreasing yields. Increased temperature and moisture create conditions for increased agricultural
pathogen and fungal infection. Warmer winters can complicate chill-requirements for fruit tree
growers, and increase overwinter survival of plant pests and pathogens. Climate change is also
altering ranges and intensities of agricultural pest and weed species, which will affect agricultural
practices and production in ways that are difficult to predict (Wolfe et al. 2018).

However, a longer growing season may offer opportunities to increase yields if other factors are not
limiting (Rosenzweig et al. 2011). Crops that could benefit from continued warming in this region
include peaches, plums, cherries, watermelon and tomato (Wolfe et al. 2018). Yields can be
increased by selection of crop varieties that are resistant to frost or drought stress, or that can
optimize yield over the longer growing season. Many of the strategies already in use at Roxbury
Farm, such as diversifying crops, careful improvement of soil health, and managing water
availability, will help the farm adapt to climate change.

To better understand climate change impacts to agriculture at the park, this analysis considered
occurrence of insect pest species, pollinators, and weed ranges. The state has been identified as a
potential hotspot for invasive species under climate change scenarios (Bellard et al. 2013, Allen and
Bradley 2016).

Climate change will increase some pest populations while decreasing others, in ways that are hard to
predict due to complex interactions between insects, hosts and predators. These changes will be
complicated further by the simultaneous effects of other stressors, including changes in land use and
agricultural practices. As climate change progresses in NYS, migratory insects are likely to arrive
earlier in the season and may expand their ranges northward, and many insect species may increase
the number of generations per year (Skendzic et al. 2021). Analysis of a long-term dataset of insect
pests of sweet corn across the state showed no annual trend for two species (migratory corn earworm
and fall armyworm), while prevalence of a third species (European corn borer) declined since the
1990s and early 2000s, perhaps due to land use change such as the adoption of Bt field corn (Walter
et al. 2018).

Bees and other insect pollinators are vital to the reproduction of wild plants and to the production of
a wide range of agricultural crops. Climate change is currently affecting the distribution and
abundance of insect species (Kerr et al. 2015). Future climate change is expected to seriously impact
plant-insect interactions in agricultural systems, causing both geographical and phenological
mismatches between pollinators and native plant and crop species (Gerard et al. 2020). Climate
changes predicted for the northeast US (warmer winters, more intense precipitation in winter and
spring, and longer growing seasons with higher temperatures) are associated with lower wild bee
abundance (Kammerer et al. 2021). A study of buzz-pollinating native bees associated with tomato
crop production predicted a small decrease in bee species richness in Columbia County, NY under
future climate scenarios (Carrasco et al. 2020).
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A watch list of non-native plant species potentially capable of invading agricultural and natural
systems in Columbia County by mid-century is included in Appendix B.

Trees

Changes in climate will impact the suitability of habitat for park trees. A US Forest Service (USFS)
model of the capability of tree species to adapt to changing climate projected that roughly 1/3 of tree
species currently occurring in MAVA are capable of adapting to projected regional climate change
by 2100, while another 1/3 of park tree species have poor capability to adapt. Some key park species
(including American sycamore, red maple, and black locust) are expected to possess the capability to
adapt to projected changes, while other key species (Eastern white pine, slippery elm, and green ash)
are expected to have poor capability (USFS 2021).

Cultural resources

The park contains many important cultural resources impacted by climate change, including the
Lindenwald mansion and two additional historic structures, archeological resources, vegetation
features, agricultural areas, historic views, circulation features, ponds, and other features. Key
climate-related impacts to cultural resources include physical damage, loss, cracking, deterioration,
decay, mold, flooding, erosion, loss of historic or significant vegetation, loss of species, loss of
synchrony between species, loss of pollinators, and altered views.

Monitoring of the actual interior microclimate of the main hall in the Lindenwald Mansion shows
that relative humidity in the summer reaches the upper limits recommended for protection from mold
and decay (Appendix C). Thus, there is little additional capacity for maintaining acceptable interior
microclimate as climate change continues, and increased costs for upkeep, drainage and air-
conditioning for historic park structures are expected.

The Stockbridge-Munsee Mohican Tribe considers the entire park site to be a Native American
archeological site, and noted that the tribal preference is for artifacts to be left to decay in place from
the natural processes of weathering and erosion (N. Allison, personal communication, 10/21/20).

Recommendations

Understanding climate change and incorporating this information into park planning and
management will be essential for preserving the natural and cultural resources at MAVA in the
21st century. Key recommendations for MAVA include:

o Tell the story of climate change at the park. Using information from this report and on-site
monitoring, help the public understand the impacts of climate change on park natural and
cultural resources.

e Installation of an on-site weather station would provide site-specific data to inform
management of natural and cultural resources, including the Lindenwald Mansion, as well as
agricultural operations.

e An annual detection survey for key invasive species in all habitats, including agricultural
systems, would provide essential information to enable rapid response before new species
become established.
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e Periodic monitoring of tree health in cultural landscape areas, the restored orchard, and the
southern swamp would detect emerging tree health issues.

¢ Monitoring phenology of key park species would provide a concrete record of change at the
park to engage visitors and volunteers.

e Photo-monitoring of key views would provide a visual record and baseline to document
change within the park viewshed.

e Areas at-risk for flooding (see Figure 9) should be prioritized for regular archeological
monitoring.

e Maintaining or enhancing shade trees in key locations can provide shaded areas to enhance
the comfort of park visitors.

e Selection of crop and livestock species, cultivars and breeds that can tolerate increased
summer heat, or that can benefit from a longer growing season, will increase adaptive capacity
of agriculture in the park.

e For new plantings, choosing tree species that have capacity to adapt to changing climate at
the park (see Section 3.4), while also maintaining cultural and historical aesthetics, can
enhance the cultural landscape.

e Incorporating future climate scenarios into mid- and long-term park planning and
management documents, including maintenance of interior micro-climate in historic buildings
and land management for areas at-risk for flooding, will help the park adapt to the
unprecedented challenge of climate change.

Additional recommendations are included in Chapter 3, and additional resources for
understanding climate change and related impacts are included in Appendix D.
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Focused Condition Assessments — Introduction

The National Park Service’s (NPS) Natural Resource Condition Assessment (NRCA) Program
evaluates natural resource conditions in park units and delivers the results to park staff, scientists,
strategic planners, and the general public through reports and associated products. All NRCA efforts
strive to report resource condition information in a way that informs multiple levels of park
stewardship activities. Stewardship activities may include partnerships, resource stewardship plans,
and park management plans, and may inform on-the-ground actions that park management can
readily implement.

As part of the NRCA program, Focused Condition Assessments (FCAS) are short-term projects
where a pressing issue or critical data or knowledge gap exists, prompting the need to assess the
current conditions of one, or a few park natural resources. FCAs are intended to address specific
natural resource conditions that lend important information for management and decision-making. As
short-term projects, FCAs primarily rely on utilization and synthesis of existing science and data.
FCAs are intended to strengthen our understanding of current resource conditions and their relation
to environmental processes across the landscape and improve the delivery of best available science
for park management.

Standard products from FCA projects include a detailed project report and associated products.
Associated products may be data summaries, resource briefs, geospatial maps and information, story
maps, and others. All reports and associated products are available via the NPS Datastore
(https://irma.nps.gov/DataStore/).
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Chapter 1. Purpose and Approach

This study assessed climate trends and projected impacts for Martin Van Buren National Historic
Site (MAVA), in the Hudson Valley Region of New York State (NYS).

1.1 Purpose

Anthropogenic emissions of greenhouse gases (carbon dioxide, methane, and other gases) since the
Industrial Revolution have increased atmospheric absorption of radiated heat from the earth’s surface
and increased global surface temperatures, causing a cascade of impacts to natural and human
systems (IPCC 2014). The National Park Service (NPS) has recognized climate change as a major
threat to national park units, and has developed a coordinated Climate Change Response Strategy
(CCRS) to increase understanding of climate change through science, mitigate climate change with
high standards for energy efficiency and greenhouse gas reduction, adapt to climate change with
planning and management strategies, and to communicate broadly about the issue (NPS 2010).
Recently, NPS has published guidance to help park planners and managers incorporate climate
adaptation into all facets of park planning and management (NPS 2021). That guidance provides a
structured, six-step process for assessing how current and future climate change may affect park
resources, and for developing strategies that reduce climate-related vulnerabilities and risks in park
planning and management.

The goal of this assessment was to synthesize existing information on current and projected climate
and related impacts at MAVA, in order to help park stewards understand, plan and manage for
climate change. This is a key component of the NPS adaptation planning process (NPS 2021). Key
questions considered in this assessment include:

e How have patterns of temperature and precipitation at MAVA changed over the historical
record?

e How are temperature and precipitation likely to continue to change over the 21 century?

e How is changing climate affecting Kinderhook Creek streamflow and seasonal flooding in the
park?

e How is changing climate impacting key phenological events, such as fruit tree budbreak?

e How are key agricultural and natural resource weed and insect pests responding to changing
climate?

e How is climate change affecting agriculture in the region?

e How are park cultural resources, including archeological resources, impacted by changing
climate?

e What resources are available to park managers and stake-holders to continue to improve
understanding of climate change and associated impacts?

1.2 Park Background
MAVA is located in Columbia County, in the Town of Kinderhook, New York. The park is
dedicated to interpreting the life and career of the eighth President of the United States and the issues
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facing the nation in the turbulent decades leading up to the Civil War. The park also seeks to
showcase and interpret historical and modern progressive farming, as practiced by Van Buren in the
mid-nineteenth century, and by modern farmers working this land today.

The property lies 30 km (20 miles) south of Albany and six km (four miles) east of the Hudson
River, on a terraced landscape along Kinderhook Creek, within the Hudson River Valley Natural
Heritage Area. The park landscape is complex (Figure 1). The park boundary includes an organic
farm (Roxbury Farm), which lies on the lower terrace adjacent to Kinderhook Creek, as well as
several privately-owned parcels under conservation or agricultural easement. The park boundary
excludes three “cut-out” parcels which are private residences.

Park resources include the Lindenwald mansion and outbuildings, an archival and museum
collection, the cultural landscape, archeological sites, and impressive views to the west, across the
agrarian landscape towards the distant Catskill Mountains. Natural resources lying within the park’s
120-ha (296-ac) authorized legislative boundary include prime agricultural soils, a vegetated
escarpment, a historic woodlot/orchard, wetlands, and habitat for many species of conservation
interest. Park water resources includes six ponds, a section of Kinderhook Creek, and a channelized
creek (Muddy Brook). Kinderhook Creek runs along the park’s northwest boundary and is used by
Roxbury Farm for irrigation water. It is a cool, medium river with average depth 0.6 m (2 feet) and
average width 14 m (45 feet). It is rated a class C stream by the NYS Department of Environmental
Conservation (DEC) and suitable for fishing (NPS 2015). Historic and modern ditches and Muddy
Brook connect agricultural fields on the lower terrace to Kinderhook Creek.

Climate change is a key stressor of concern acting on park natural and cultural resources. Additional
stressors acting upon park ecosystems include atmospheric deposition, nutrient enrichment, habitat
fragmentation, and invasive species, while cultural resources are subject to deterioration from wind,
fire, floods, humidity and visitor use.



Ownership

NPS Private with NPS Easement ] MAVAAuthorized Boundary
0 025 05 1km
Roxbury Farm Private B ow A w B owm

Figure 1. Ownership of land within the authorized boundary of Martin Van Buren National Historic Site (NHS).
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1.2.1 Data Sources

Sources of existing data available for use in this assessment are shown in Table 1.

Table 1. Data for assessment of climate change trends and impacts at Martin Van Buren NHS.

Data Type Description Time period Source
Climate trends and | Monthly temperature and precipitation at 1895-2017, National Park Service
projections MAVA 2071-2100 (Gonzalez et al. 2018)
Temperature and precipitation at national National Park Service
Climate trends arkg precip 1901-2012 (Monahan and Fisichelli
P 2014)
. . S NYS ClimAID (Horton et
Climate trends and | Regional temperature and precipitation, 1900-2012, m (Hor O.n ©
rojections including extreme events 2100 al. 2014, Rosenzweig et
proj 9 al. 2011)
Climate trends and | County-level temperature and precipitation, 1950-2100 Cornell Climate Smart

projections

including extreme events

Farming (CSF 2020)

Actual interior

Humidity ratio in main hall of Lindenwald

June 2017-May

Breuker and Bittermann,

microclimate Mansion 2018 HACE (Appendix C)
Hudson Valley
Phenology Columbia County (and NYS) 1826-1872 Farmscape Ecology
Program
Apple tree budbreak at Hudson Valley Farm, . Jentsch Lab (2021),
Phenology Ulster County, NY 1980-ongoing Cornell University
Discharge — 1906—-ongoing .
Kinderhook Creek At Rossman, downstream from park (with gaps) US Geologic Survey
Hydrology Projected runoff 2030 Battaglin et al. 2020
. Projected future distribution of tree and bird USFS Climate Change
Species ranges . 2100
species Atlas
Pest and pathogen | Projections for pest and weed response in 2100 National Park Service
response eastern US (Fisichelli et al. 2014)
Invasive species Univ. of Georgia, Early
P Reported occurrence data, projected ranges Ongoing, mid- | Detection and
occurrence, and . N .
. for mid-century century Distribution Mapping
projected ranges
System
Invasive plants Prioritized list of invasive plants projected to . Rockwell-Postel et al.
Mid-century

projected ranges

invade NYS and southern New England

2020

Key insect pest trap
captures

Captures of key insect pests of sweet corn at
network of sites across NYS

1994—-ongoing

Sweet Corn Pheromone
Trap Network 2020

Crop insurance
payments

County-level crop loss payments

1989-ongoing

USDA Risk Management
Agency

1.3 Study Approach

A group of park managers, scientists, and other stakeholders was assembled to define park needs
relative to climate and to steer this project. The working group included a resident farmer (Jody
Bolluyt) and a representative of the Stockbridge-Munsee Mohican Tribal Preservation Office
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(THPO; Nathan Allison). National and regional datasets were analyzed to determine condition and
trends, and to provide a range of climate change projections for the park over the next century. The
project also sought to identify data gaps for further study, and to document available resources to
help park managers continue to understand, plan and manage for climate change.

1.3.1 Selection of Key Resources, Indicators, and Reference Criteria
The project working group identified six key park resources for assessment: Climate, Water quantity,
Phenology, Agriculture, Trees, and Cultural resources.

Climate was assessed using four indicators (temperature, extreme temperature days, precipitation,
and extreme precipitation events). Temperature and precipitation are fundamental drivers of
ecological and agricultural processes, and extreme temperature events can create adverse conditions
for natural resources and agriculture. For Phenology, impacts on apple tree blooming were
considered. This is relevant at MAVA, where NPS plans to restore a historic orchard (von
Bieberstein and Coffin Brown 2016).

For Water quantity, this analysis considered streamflow in Kinderhook Creek, as well as projected
changes in flooding which could substantially impact agricultural operations and park management.

For Agriculture, this analysis considered climate impacts on occurrence of insect pest species,
pollinators, and weed ranges. For Trees, the analysis considered projected changes in tree ranges at
the park. Trees are important natural and cultural resources at MAVA, providing habitat for a myriad
of species, performing vital ecosystem services, and comprising a key part of the cultural landscape.

The park contains many important cultural resources impacted by climate change, including the
Lindenwald mansion and two historic outbuildings, archeological resources, vegetation features,
agricultural areas, historic views, circulation features, ponds, and other features. Key climate-related
impacts to cultural resources include physical damage, disruption, loss, cracking, deterioration,
decay, mold, flooding, erosion, loss of historic or significant vegetation, loss of species, loss of
synchrony between species, loss of pollinators, and altered views. The Stockbridge-Munsee Mohican
tribe considers the entire park site to be a Native American archeological site, and noted that the
tribal preference is for artifacts to be left to decay in place due to natural processes of weathering and
erosion (N. Allison, personal communication, 10/21/20).

1.3.2 Methodology/Analysis

This analysis assessed current condition for climate, and considered climate change projections and
impacts for the coming century. For current condition, assessment points (also known as reference
values) were used to distinguish expected or acceptable condition (i.e., good condition) from
undesired conditions that warrant concern, further evaluation or management action (Bennetts et al.
2007). Unless otherwise specified, assessment points were defined in relation to the historical or
established baseline, with an undesired change of more than 30% considered significant concern, and
an undesired change up to 30% considered moderate concern. Trends were determined by linear
regression using an alpha value of 0.10 to determine statistical significance.



Projected climate change and impacts for mid-century (2030-2060) and end-of-century (2100) were
based on future climate scenarios representing a range of representative concentration pathways
(RCPs). RCPs are scenarios for future atmospheric composition that represent a trajectory of climate-
forcing emissions over time. Under RCP2.6, a reduced emission pathway, radiative forcing peaks at
about 3 W m2 before 2100 and then declines. Under low (RCP4.5) and high (RCP6.0) pathways,
radiative forcing is stabilized at 4.5 or 6.0 W m™2, respectively, shortly after 2100. Under the highest
pathway (RCP8.5), radiative forcing exceeds 8.5 W m™2 by 2100, and then continues to climb until
2250 (IPCC 2014). The reduced emission pathway (RCP2.6) provides an opportunity for avoiding
the most severe impacts of climate change.



Chapter 2. Climate Change

2.1 Description and Relevance

Temperature and precipitation are fundamental drivers of ecological and agricultural processes.
Changes in temperature and precipitation patterns caused by human emissions of greenhouse gases
have caused impacts to natural and human systems across the globe (IPCC 2014). The humid
continental climate of NYS has become both warmer and wetter over the last century, and year-to-
year variation in precipitation has increased (Horton et al. 2014). The amount of precipitation
occurring in extreme events has increased by more than a third across the northeast US over the last
century (Hayhoe et al. 2018). These changes are bringing milder winters, earlier spring thaw, hotter
summers, and more frequent extreme precipitation events (Rosenzweig et al. 2011). Temperatures
across the state are projected to continue increasing throughout the 21 century, and days of extreme
heat are expected to become more frequent (Horton et al. 2014). These changes are causing a cascade
of impacts to natural and human systems.

2.2 Data and Methods

Gonzalez et al. (2018) used the Parameter-elevation Relationships on Independent Slopes Model
(PRISM) time series (1895-2017) to assess trend in temperature and precipitation at national parks
across the continental US, including MAVA. They calculated historical trends using linear
regression, corrected for temporal autocorrelation. They projected future change using bias-corrected
statistical downscaling of output from 33 General Circulation Models (GCMs) for four scenarios
representing reduced (RCP2.6), low (RCP4.5), high (RCP6.0) and highest (RCP8.5) emission
pathways.

Monahan and Fisichelli (2014) used gridded climate data from the Climatic Research Unit’s high-
resolution time series to examine 25 climate-related variables over 112 years (1901-2012) at national
parks across the nation, including two nearby parks (Roosevelt-Vanderbilt National Historic Sites
[ROVA] and Saratoga National Historical Park [SARA]) but not MAVA. They used a moving
window analysis at three scales (10-, 20-, and 30-year windows) to characterize each park’s historical
range of variability (HRV), and to compare recent averages to historical conditions, noting extreme
current condition (i.e., <5% or >95% percentile compared to HRV).

The Integrated Assessment for Effective Climate Change Adaptation Strategies in New York State
(ClimAID) assessed and reported information on climate change trends, projections and impacts for
the state, including vulnerabilities and potential benefits of climate change (Rosenzweig et al. 2011).
Trends in temperature, precipitation and extreme weather events were assessed from a network of
weather stations across the state, and reported for each of seven regions, including the East Hudson
and Mohawk River Valley Region, in which MAVA lies. An updated report refined the assessment
and projected future climate change using output from 35 climate models under two scenarios
representing low (RCP4.5) and highest (RCP8.5) emission pathways (Horton et al. 2014).

Cornell University’s Climate Smart Farming (CSF) Program provides tools to help farmers prepare
for climate change, including county-level data on current trends and future projections in average
and extreme temperature and precipitation (CSF 2020). This tool interpolates county-level data from
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http://climatesmartfarming.org/

a national dataset of weather observations (1950-2013; Livneh et al. 2015) and calculates trends
using simple linear regression. In order to assess current status, a gridded dataset (1950-2020) was
obtained from the Northeast Regional Climate Center (NRCC; ACIS 2021) and trend was calculated
using linear regression. CSF also projects change over the 21% century from 32 climate models under
low (RCP4.5) and highest (RCP8.5) emission pathways.

2.3 Reference Condition/Values

Reference values for determining condition of climate at MAVA are shown in Table 2. Good
condition is defined relative to historical (20" century) baseline conditions. For average annual
temperature, significant concern is defined as an increase of more than 1.5 °C (Hoegh-Guldberg et al.
2018). For total annual precipitation and extreme temperature and precipitation days, significant
concern represents a 30% change over the historical baseline. For all four metrics, caution is defined
as the interval between historical baseline conditions and significant concern. Current condition was
determined on the basis of a statistically significant (p < 0.10) trend, while potential end-of-century
condition was estimated based on model projections.

Table 2. Reference values for determining climate condition. See text for details.

Metric Good Caution Significant Concern

Temperature, average

annual Historical baseline <=1.5°C (2.7 °F) increase | >1.5 °C (2.7 °F) increase

Historical baseline
Extreme temperature days

<= % i >30% i
(> 32 °C; 90 °F) (average of 6 days per 30% increase 30% increase
year)
Precipitation, total annual | Historical baseline <= 30% change >30% change

Historical baseline
(average of 6 days per <= 30% increase >30% increase
year)

Extreme precipitation days
(>25cm; 1in)

2.4 Condition and Trend

Current condition of temperature and precipitation variables at MAVA and across the region show
extreme warm and wet conditions compared to the historical record (Monahan and Fisichelli 2014).
Analysis of gridded PRISM data showed that increases in mean annual temperature of 0.4 + 0.2 °C
(0.7 £ 0.4 °F) and in total annual precipitation of 13 + 4% have occurred at MAVA over the last
century (Figure 2 and 3); continued increases in mean annual temperature of 1.9-5.4 °C (3.4-9.7 °F)
and in total annual precipitation of 7-15 % are projected at the park by 2100 (Figure 4; Gonzalez et
al. 2018). Current condition of mean annual temperature and total annual precipitation warrant
caution, while projected continued increases in temperature warrant significant concern (Table 3).
The greatest changes in both temperature and precipitation are predicted for the winter months
(Figure 5 and Appendix A; Gonzalez et al. 2018).
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Figure 2. Average annual temperature, 1895-2017, for the area within Martin Van Buren National
Historic Site boundaries, with the trend calculated by linear regression, corrected for temporal
autocorrelation (Gonzalez et al. 2018).
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Figure 3. Total annual precipitation, 1895-2017, for the area within Martin Van Buren National Historic
Site boundaries (Gonzalez et al. 2018).

Table 3. Current and projected end-of-century condition for climate at MAVA. See text for details.

Projected End-of-

Projected End-of-

annual

over past century

7-15 % increase

Metric Current Status Current Condition | century Status century Condition
Temperature, 0.4 £ 0.2 °C increase . Additional N

Caution o Significant concern
average annual over past century 1.9-5.4 °C increase
Extreme temperature . N

No change detected | Good >30% increase Significant concern

days (> 32 °C; 90 °F) 9 ° 9
Precipitation, total 13 + 4% increase . Additional .

Caution Caution

Extreme precipitation
days (> 2.5cm; 1in)

100% increase since
1950

Significant concern

Additional 0—-40%
increase

Significant concern
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Climate Change Projections
Martin Van Buren National Historic Site, New York, USA
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Figure 4. Projections of future climate for Martin Van Buren NHS relative to 1971-2000 average values
under four potential emission scenarios (Gonzalez et al. 2018). Each small dot is the output of one of 33
general circulation models, the large color dots are average values for each IPCC emissions scenario,
and the crosses are the standard deviations of the average values.
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Figure 5. Monthly average temperature at Martin Van Buren NHS for the period 1895—-2010 with future
projections under two emission scenarios (Gonzalez et al. 2018).

As temperature has increased, the growing season has lengthened, with spring thaw occurring earlier
in the year. In Columbia County, the average length of the growing season (above freezing) increased
from about 140 days in 1950 to about 160 days in 2010. Projections for low (RCP4.5) and highest
(RCP8.5) emission pathways show further increases resulting in growing season length up to 170 to
200 days in Columbia County by 2100 (CSF 2020).

The number of extreme temperature or precipitation days varies highly from year to year. Analysis of
the number of extreme temperature days (>32 °C [90 °F]) in Columbia County showed no change
during the period 1950-2020. However, projections for low (RCP4.5) and highest (RCP8.5) emission
pathways for extreme heat in Columbia County show very large (six to twelve-fold) increases in
expected hot days by 2100, which could cause more frequent periods of short-term drought and
which would warrant significant concern (CSF 2020, Horton et al. 2014).

At the same time, precipitation events have become more variable and intense in the northeast US in
recent decades (Hayhoe et al. 2018). In Columbia County, the average number of days of extreme
precipitation (>2.5 cm [1 in]) increased by almost 1 day per decade from 1950 to 2020 (CSF 2020),
warranting significant concern. Projections for low (RCP4.5) and highest (RCP8.5) emission
pathways show continued increases in extreme rain events in the region from 0-40% over baseline
conditions by 2100 (CSF 2020, Horton et al. 2014). Changes in the intensity or frequency of extreme
precipitation events can increase flooding and soil erosion, impacting agriculture, and management
of both natural and cultural resources.
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2.5 Level of Confidence and Data Gaps
Confidence in current condition for climate is high. Confidence in projections of future conditions at
local to regional scales is low, due to uncertainty in downscaling climate projections, as well as to
uncertainty in future emissions of greenhouse gases.
2.6 Sources of Expertise

e Patrick Gonzalez, NPS Climate Change Response Program

e NYSCIlimAID

e Cornell University CSF
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Chapter 3. Impacts and Recommendations

Climate change will cause major impacts to natural and cultural resources and to agriculture in the
park. Projections for continued change over the 21st century contain considerable uncertainty. By
considering the range of projections f+ or future change, park managers can use the best available
science as they plan for managing and adapting to the unprecedented challenges posed by climate
change.

3.1 Water Quantity

Climate is a primary driver of hydrology, and variation in the timing and magnitude of precipitation
and snowmelt are important drivers of water quantity. Regionally, streamflow in the northeast US
has increased over recent decades and peak flow, linked to snowmelt, is occurring earlier in the
season (Tamuddun et al. 2016, Dudley et al. 2017). At the same time, flooding events along rivers
and streams across the northeastern and midwestern US have increased (Slater and Villarini 2016).
At MAVA, recent (2013-2017) high-flow discharge in Kinderhook Creek did not depart significantly
from the long-term record, though mid-flow and low-flow discharge, regulated by upstream power
plants, were significantly higher than the historical record (Tierney and Gibbs 2019).

The park is affected by occasional flooding from Kinderhook Creek on the lower terrace, and across
the park road from the spring-fed Upper Pond on the upper terrace (Figure 6). The latter flooding
may have been improved by a new culvert installed under the park road in 2019 (Steve Hanaburgh,
personal communication, 11/19/20). Kinderhook Creek is used by Roxbury Farm for irrigation; park
ponds are not currently used for irrigation but are considered a potential future resource (Megan
O’Malley, personal communication, 12/1/2017). Increases in both precipitation and extreme
precipitation events could impact flood regimes at MAVA, while increased temperatures during the
growing season could increase incidence of short-term drought.

Battaglin et al. (2020) considered a range of future climate scenarios to project surface water runoff
for 2030 in national parks across the nation, including MAVA. They used a monthly water balance
model with downscaled data from more than 200 future climate simulations representing low
(RCP4.5) to highest (RCP8.5) emission pathways to project a range of outcomes. For MAVA, they
project that increased temperatures and precipitation by 2030 will drive moderate increases in runoff
from January to March, decreased runoff from April to June, and possibly small decreases in runoff
the rest of the year, including late summer when runoff is lowest for the year (Figure 7).
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Figure 6. Location of water resources at Martin Van Buren National Historic Site.
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Figure 7. Boxplots of projected average monthly runoff at MAVA under a range of low to high emission
pathways for 2030 (adapted from Battaglin et al. 2020). o represents baseline (1981-1999) average
monthly runoff for each seasonal category.

To better understand how future flood risk may impact the park, this analysis considered future
flooding using the First Street Foundation Flood Factor Model. This nationwide probabilistic model
seeks to estimate fluvial (riverine), pluvial (rainfall), and coastal flood risk at the individual property
level (3-m resolution) for projected future (2035 and 2050) climate conditions using 21 climate
models under a low (RPC4.5) emission pathway (First Street Foundation 2020b). The model
calculates fluvial flood risk using flood frequency analysis based on river gauge records from
monitored catchments, which are extrapolated to ungauged catchments using land cover, topography
and other factors. Pluvial flooding is incorporated by applying National Oceanic and Atmospheric
Administration (NOAA) rainfall data onto the modeled surface incorporating land cover and
impervious surface area. The model accounts for uncertainty by generating three hazard scenarios,
low (25%), median and high (75% percentile). However, the model does not account for all factors
contributing to flood risk (First Street Foundation 2020b).

This model predicted a 40% increased risk of flood damage at the park for 2035-2050 due to climate
change (First Street Foundation 2020a). Model visualizations show the projected 5-year flood
encroaching on the edges of fields on the park’s lower terrace (Figure 8), while the projected 100-
year flood shows substantial encroachment into fields on the lower terrace as well as flooding in the
park’s Southern Swamp and the ravine connecting Upper Pond to other park ponds and the lower
terrace (Figure 9).
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Figure 8. Projected 5-year (20%) flood risk scenario at MAVA for 2035-2050, under a low (RCP4.5) emission pathway (First Street Foundation
2020a).
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Figure 9. Projected 100-year (1%) flood risk scenario at MAVA for 2035-2050, under a low (RCP4.5) emission pathway (First Street Foundation
2020a).
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3.2 Phenology

Climate is a primary driver of recurrent natural (phenological) events which are tied to seasonal
cycles. such as flower blooming and insect emergence. Climatic change is altering the timing of these
events, which are fundamental to both natural and agricultural systems (IPCC 2014). In temperate
fruit trees, bud break and bloom dates are dependent upon overwinter temperatures to meet chilling
requirements, and are driven by spring temperatures, with some influence from solar radiation,
moisture availability and other factors. This is relevant at MAVA, where NPS plans to restore a
historic orchard 2-ha (5-ac) orchard (von Bieberstein and Coffin Brown 2016).

A record of Mclintosh apple blooming phenology has been collected for 40 years (1980-2019) at the
Cornell University Hudson Valley Laboratory farm in Ulster County, NY (Jentsch Lab 2021).
Although the three earliest recorded apple blooming times occur in the latter half of the dataset,
linear regression of the 40-year record (1980-2019) of apple bloom phenology did not show a
significant temporal trend (Figure 10). Wolfe et al. (2018) modeled end-of-century apple blooming
dates and frost risk using a phenology model (including both chill unit and growing degree day
accumulation) together with downscaled climate projections from 10 climate models under two
scenarios representing low (RCP4.5) and highest (RCP8.5) emission pathways. That effort projected
apple bloom dates in central NYS to shift 15 days earlier by 2100, though the response was
complicated.
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Figure 10. Forty-year record of full bloom dates for Mcintosh apples at the Cornell University Hudson
Valley Farm in Ulster County, NY (adapted from Jentsch Lab 2021).

The projected shift could leave trees more susceptible to damage from early spring cold temperature
events, and to potential mismatch between emergence times of flowers and key pollinators
(Degaetano 2018, Gerard et al. 2020). In Columbia County, damage to apple crops accounted for the
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large majority (95%) of crop insurance payments since 2001 (Reyes and Elias 2019). Apple damage
in Columbia County overwhelmingly occurred early in the growing season (April-June), and was
caused primarily by hail (54%) and freezing conditions (37%).

3.3 Agriculture

Climate change is causing many direct and indirect impacts to agriculture, creating both
unprecedented challenges and new opportunities in New York State (Wolfe et al. 2018). Increases in
heavy precipitation events can delay planting, cause physical and flood-related damage to crops, and
increase soil erosion. Hotter summers increase summer heat stress, and warmer night-time
temperatures can increase carbon loss from respiration, both of which can limit crop growth and
decrease yields. Increased temperature and moisture create conditions for increased agricultural
pathogen and fungal infection of leaves and root systems. Warmer winters can complicate chill-
requirements for fruit tree growers, and increase overwinter survival of plant pests and pathogens.
Earlier spring thaw may increase frost damage, and disrupt interactions between plants and
pollinators. Climate change is also altering ranges and intensities of agricultural pest and weed
species, which will affect agricultural practices and production in ways that are difficult to predict.

However, a longer growing season may offer opportunities to increase yields if other factors are not
limiting (Rosenzweig et al. 2011). European wine grape production in the northeast US has benefited
from less severe winters over the past several decades (Wolfe et al. 2011). Other crops that could
benefit from continued warming in this region include Prunus species (peaches, plums and cherries),
watermelon and tomato (Wolfe et al. 2018). Many strategies already in use at Roxbury Farm,
including planting a diversity of crop species, improvement of soil health, and managing water
availability, will benefit agricultural production at the farm as the climate continues to change.

To better understand climate change impacts to agriculture at the park, impacts on insect pest species,
pollinators and invasive weed plants were considered.

3.3.1 Insect pest species

Climate change will increase some pest populations while decreasing others, in ways that are hard to
predict due to complex interactions between insects, hosts and predators. These changes will be
complicated further by the simultaneous effects of other stressors, including changes in land use and
agricultural practices. As climate change progresses, migratory insects are likely to arrive earlier in
the season and may expand their ranges northwards, and many insect species may increase the
number of generations per year (Skendzic et al. 2021).

The Sweet Corn Pheromone Trap Network (SCPTN) has monitored key insect pests of sweet corn
across New York State for more than 20 years, including one site in Kinderhook NY that has been
monitored since 2016 (SCPTN 2020). Monitored species include the European corn borer (ECB,
Ostrinia nubilalis), the migratory corn earworm (CEW; Helicoverpa zea) and the fall armyworm
(FAW; Spodoptera frugiperda), three species that could produce more generations per year in the
state under climate change scenarios (Gagnon et al. 2019, Ramirez-Cabral et al. 2017). CEW could
also extend its over-wintering range further north (Olmsted et al. 2016). Linear regression of the
long-term (1994-2020) dataset of moth captures showed no trend in annual average catch per site
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across the state for CEW and FAW, while catch of ECB has declined since the 1990s and early 2000s
(Figure 11). This decrease in ECB prevalence may be related to land use change, such as the
adoption of Bt field corn (Walter et al. 2018). Examining long-term datasets of insect pests in
agricultural and forest systems in the US, Walter et al. (2018) found that agricultural insect pests
were more likely to be declining in abundance (likely due to changes in land use practices), while
forest insect pests were more likely to be increasing.

Average catch per site
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Figure 11. Average annual catch of key corn insect pests at sites across New York State (SCPTN 2020).

3.3.2 Pollinators

Bees and other insect pollinators are vital to the reproduction of wild plants and to the production of
a wide range of agricultural crops. Climate change is currently affecting the distribution and
abundance of insect species (Kerr et al. 2015). Future climate change is expected to seriously impact
plant-insect interactions in agricultural systems (Gerard et al. 2020). A growing body of research
investigates the impacts of climate change on managed honey bees and native wild bees, both of
which are important to agriculture. Climate impacts can arise from geographical mismatches and/or
phenological mismatches between bees and crops which rely on bee pollinators. Climate-related
impacts are occurring in concert with impacts from other stressors, such as land use change and
invasive species, and affect different species in different and complex ways (Mathiassan and Rehan
2020).

An assessment of long-term observations of bumble bees in North America and Europe found that
ranges of many species have contracted at their southern range but failed to expand northwards in
response to climate change (Kerr et al. 2015). Looking at a fourteen-year dataset of wild bee
populations in the mid-Atlantic states, Kammerer et al. (2021) found climate factors to be the main
driver of wild bee abundance and species richness. They found climate changes predicted for the
northeastern US (warmer winters, more intense precipitation in winter and spring, and longer
growing seasons with higher temperatures) to be associated with lower wild bee abundance.
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Carrasco et al. (2020) assessed 15 species of native, sonicating (i.e., buzz-pollinating) bees associated
with tomato crop production in North America. Buzz-pollinating bees are wild bees, such as bumble
bees and sweat bees, that use vibration to release pollen. This process improves fruit production and
quality. That study modeled changes in species ranges across North America for mid-century (2041—
2070) and late century (2071-2100) associated with future climate projections from four climate
models under both low (RCP4.5) and highest (RCP8.5) emission pathways. Their results suggested
an overall loss of species richness of sonicating bees associated with climate change in North
America over the coming century, with potential gains in new habitat in northern latitudes and
mountainous regions. For Columbia County, NY, their results suggested a small decrease in