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Presentation Notes
Christopher Riely, forester and conservationist with my practice Sweet Birch ConsultingBetween 2008 and 2019, I was a forester for three-person team managing the natural resources of the Scituate Reservoir watershedThis is an aerial photo looking across one of the two arms of the main reservoir. 



OVERVIEW

• Intro to Climate Change 
Response Framework

• Adaptation options
• Brief examples of two 

other pathways
• Focus on Scituate Reservoir 

watershed project
• Challenges and 

Opportunities



CLIMATE CHANGE RESPONSE FRAMEWORK

Courtesy of Northern Institute of Applied Climate Science (NIACS)

Presenter
Presentation Notes
In considering these projects, it’s helpful to take advantage of the Climate Change Response Framework developed that was developed by the U.S. Forest Service to address the major challenges that forest land managers and woodland owners face when considering how to integrate climate change into planning and management. It’s based on a great deal of input and in response to four issues that kept coming up in workshops with professional natural resource managers.This a diagram of the approach that shops the steps of the process on the left side and products on the right side.Since climate change is big and complex, partnerships can help the increase the capacity of organizations to cope with what can seem like an overwhelming issue. We’re all receiving lots of information about climate change and it can be hard to sort out what’s most relevant, so vulnerability assessments are now available to provide information about future climate conditions, how forests will likely respond, and where the vulnerabilities lie. Landowners and managers also need forest adaptation resources to plan appropriate activities to help them meet their goals. Finally, adaptation demonstrations that provide on-the-ground examples of these types of activities are instructive and can be and inspiring. I’m going to spend most of my time focusing on the adaptation demonstration component.



Presenter
Presentation Notes
Here’s another schematic diagram that illustrates the process of incorporating climate change into stewardship planning and helping ecosystems adapt.You need to start by defining the area you’re focusing on, whether it’s a small property or a whole National Forest, and identifying what the overarching goals are.Then, you can assess what the climate change impacts and vulnerabilities are likely to be for your area of interest.You should think about how climate change may affect your ability to accomplish the goals you’ve set for this property or landscapeYour goal will help you choose broad strategies, which will in turn inform approaches and then tactics, and finally specific actions that can be planned an implemented on the groundIt’s important not to overlook monitoring as a part of the process, because this will help you evaluate the effectiveness of your actions and what you might do differently next time.As you can see, it’s a process that continually repeats itself, so results and feedback are incorporated into the loop



Presenter
Presentation Notes
This slide shows the three broad forest adaptation options that can be applied to many different types of situations.On the left is the resistance pathway. This is the most conservative of the three options. Here, the goal is to defend against change and keep conditions as much the same as possible. You’re going to try to protect tree and plant species and other resources on a site and keep them healthy to prevent change for as long as you can. You might choose the resistance approach for an area of forest that is valuable and difficult to replace, like a patch of very old forest or a grove of maples that produces lots of sap for maple syrup.In the middle is the option known as resilience. Here, you’re trying to allow for the ecosystem to experience some changes while coming back to a desired condition. You can think of a rubber band stretching and bouncing back. One example of a resilience strategy is to promote and range of different species and ages of trees in a stand or a whole forest so you’re less vulnerable to big changes when disturbances come along. Finally, on the right is the transition pathway. This is the most aggressive of the options in that the goal is to try to help a site or ecosystem change to be better suited to what the anticipated future conditions are like. You might choose this for a site that’s especially vulnerable to climate shifts and clearly going to change whether you like it or not. I’ve found that people often tend to have strong feelings about this option.



VERMONT LAND TRUST, HILL-ROBERT PROPERTY
RESISTANCE

• Goal: maintain a healthy 
& productive forest 

• Timber harvest planned
• Use silviculture to help 

maintain native species 
mix as long as possible

• Protect from winds
• Protect water resources
• Keep biological legacies

Courtesy of Vermont Land Trust and NIACS
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To illustrate the Resistance option, here’s an example from a property in the Green Mountains of Central Vermont owned by the Vermont Land Trust. This is an 80-acre property growing some classic Northern hardwood species including sugar maple and yellow birch, along with some spruce and fir. Their goal is to maintain a healthy and productive forest that can be occasionally harvested for sawtimber and where maples can be tapped for their sap.A timber harvest has been planned for the property, with the goal of using silviculture to establish new regeneration of the desired species. Since the tract is on a hillside, the boundary of the harvest will also be designed to protect the stand from winds as much as possible so as to prevent windthrow.Another goal is to maintain biological legacies, such as the wolf tree in the picture with the cavity that wildlife must take advantage of, and coarse woody debris on the forest floor. This property has some wet areas another goal is to protect water resources, which is always a good idea, and in fact, many traditional good forestry practices also help support forest climate adaptation.



MA DCR, F. GILBERT HILLS STATE FOREST, WRENTHAM
RESILIENCE

• Fits into a broader   
agency-wide strategy 

• Oak-hickory forest with 
stand on former ag land

• Increase species, tree age, 
and habitat diversity

• Timber sale to regenerate 
oak through multi-stage 
harvest with reserves

• Consider prescribed fire, 
blight-resistant chestnut

Courtesy of MA DCR and NIACS
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For the Resilience option, here’s an example from the F. Gilbert Hills State Forest in Wrentham, Massachusetts. This is right off Interstate 95 between Providence and Boston and just down the road from Gillette Stadium where the New England Patriots play. What they are doing here fits into a broader strategy that the Massachusetts Department of Conservation and Recreation is starting to employ on the thousands of acres of state lands they manage across the Commonwealth.This forest is dominated by oak-hickory woods and they planned and carried out a harvest with adaptation goals in a stand of about 40 acres. Like so many other places in southern New England, the forest grew up what was once agricultural land into homogeneous stand with canopy trees about 85-100 years old. DCR is looking to increase the species diversity and sizes and ages of trees in this stand, and in doing so provide more varied habitat for wildlife. Action was also necessitated by the canopy mortality that occurred during the recent gypsy moth infestation. They carried this out using a harvesting method called a shelterwood that often gradually opens up the canopy and creates gaps suitable for sunlight-loving oak seedlings. DCR is also thinking outside the box by considering the use of prescribed fire, which oaks are well adapted to with their thick bark, and the possibility of planting blight-resistant chestnut. Chestnut was probably once a dominant tree on a site like this until it was decimated by the blight early in the 20th Century.



PROVIDENCE WATER AND THE                        
SCITUATE RESERVOIR WATERSHED

TRANSITION
• Public utility developed and 

operated by City of Providence
• Current system established c. 1920
• Now provides water to 600,000 

people or 2/3 of all Rhode Islanders
• Main Scituate Reservoir and      

several smaller tributary reservoirs
• 93 square mile watershed,           

mostly private land
• Water Resources Division manages 

13,000 acres of City-owned forest 
surrounding reservoir system USGS

Presenter
Presentation Notes
So, now I’m going to take a deeper dive into the project that I developed that provides an example of the Transition option. First, I want to give some background and context. Providence Water is a public utility that was developed and is still operated by the City. The current water supply system was established around 1920 and now provides water to about 600,000 people or 60% of all Rhode Island’s population. That’s a map of the watershed, which is located in parts of five towns in north central Rhode Island. It covers 93 square miles and about two-thirds of it is private land.The Water Resources Division manages about 13,000 acres of forestland surrounding the main reservoir and five smaller tributary reservoirs. The watershed property is City of Providence’s largest physical asset.	The utility sees it as the first step in the water treatment process. Because protecting the watershed saves money – it’s cheaper than having to invest in additional expensive treatment facilities. And there are many other benefits that come along with this strategy.



WATERSHED MANAGEMENT PROGRAMS

• Forestry and land 
management

• Land conservation
• Water sampling
• Policy and planning 

engagement with state and 
watershed towns

• Outreach and education

All photos and maps
courtesy of Providence Water
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Presentation Notes




WHY ACTIVELY MANAGE THE FOREST?

Overarching goal is to maintain a forest that is adaptive to change    
and resilient to disturbances that could impact water quality

Presenter
Presentation Notes
The overarching goal of the forestry program is really quite simple – everything they do is focused on trying to maintain a forest that provides high quality drinking water and is resilient to disturbances that could impact water quality. In our part of the country, disturbances we are concerned about include insect and pathogen outbreaks (such as the gypsy moth), occasional wind and ice storms that can have a huge impact, also to some extent fire. Human activities such as development are another very significant kind of disturbance on the majority of the watershed that is privately owned.One thing Providence Water foresters try to do is to diversify the age and species composition of the forest so that you don’t have all your eggs in one basket. I also like to compare it to having a diversified investment portfolio to manage risk.



HISTORIC MANAGEMENT CONTEXT

• Active management for 
nearly 100 years

• Planting species from 
elsewhere is nothing new

• 7 million seedlings planted
• Foresters used best info 

available at the time
• Species selection driven by 

forest heath, markets, etc.
• Looking back, sound overall 

but some plans have worked 
out better than others

Presenter
Presentation Notes
Before I get into recent projects, it’s important to mention that the land has been worked since the creation of the water supply system.The main reservoir was created by building a dam on the north branch of the Pawtuxet River where there was a lot of farmland in the riparian areas. The photo from the archive shows how a lot of the landscape looked very different from the way it does now. In the early years, there was a very active tree planting program to return these lands to forest. There was a nursery on the property and between 1925 -1940 seven million seedlings were planted. It was the Great Depression and the City had a WPA-type jobs program. So there was a lot of cheap labor available and I expect most of these men were glad to have a job. The vast majority of the species planted were conifers, which was consistent with the common practice at that time of creating “leaf screens” around the reservoirs. Hardwoods were considered less desirable because of perceived water quality impacts from the tannins in the leaves. Also, in addition to establishing plantations on the farmland, another practice that was implemented across a large acreage was underplanting pines in stands with an oak or hardwood canopy. The pines were planted with future timber value in mind. At that time, there wasn’t a market for hardwoods except for firewood.  



HISTORIC MANAGEMENT CONTEXT

Presenter
Presentation Notes
Foresters at the time used the best available information and selected what were thought to be smart species choices for the future.By far the largest numbers of seedlings planted were red and white pine. Red pine isn’t native as far south as Rhode Island, but it was planted to diversify the species composition in a time when there was a lot of concern about white pine blister rust. As they did in other parts of southern New England, foresters experimented with planting a number of exotic conifers, including Norway spruce and Scotch pine. Some of these plantations are still very evident. Next to the water treatment plant, the settling basins are ringed by planted Douglas fir.  So planting species is from elsewhere is nothing new.Several decades later, starting in the 1990s, the red pines became infested with the exotic red pine scale and red pine adelgid, leading to a salvage effort that lasted 20 years. Many of the remaining trees have died and the red pine presence is only a fraction of what it was previously. On the other hand, the white pine component is rapidly growing especially in terms of timber volume. We’re fortunate that it continues to regenerate very well in our region.



HOW DID WE COME TO PURSUE THIS PROJECT?

• 2014 NIACS Training on 
Climate Change Response 
Framework

• Hands-on day of coached 
work in small groups was 
especially helpful 

• Project concept started here
• Highly recommend for 

incorporating climate 
change considerations into 
management 

Presenter
Presentation Notes
So, how did we embark on this project? Of course we knew that climate change was a growing issue and we have some forest health problems in our regional landscape that I’ll get into. I had the benefit of participating in one of the Climate Change Response Framework trainings offered by Maria Janowiak and the Northern Institute for Applied Climate Science. It was great to have a training that was tailored to our specific region and not be lumped together with a large area. We gained a lot of information on the changes and impacts that Southern New England is projected to see.The full training is offered over two days and I found the second day of hands-on work to be especially helpful. I volunteered our property as one of a few case studies and worked in a small group with other foresters on looking  at some of the issues most likely to affect us and how to address them. This is where the concept of our projects first started.I believe this training is still offered at no cost to participants and I highly recommend it as a way to start incorporating climate variables into management. It’s designed for natural resource managers, and it considers climate change as another layer that can be integrated into existing management plans and fieldwork.



HOW DID WE COME TO PURSUE THIS PROJECT?

POTENTIAL VULNERABILITIES
• Climate change not explicitly 

addressed in current 
stewardship plan

• Forest health and 
regeneration

• Invasives
• Internal road system       

(severe storm effects)

Presenter
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Providence Water had an existing 10-year forest stewardship plan that I did a lot of work on and provided a good place to start. Using the climate change adaptation workbook, we looked at our objectives set forth in the plan and how they may be affected by projected impacts and vulnerabilities. Providing and protecting high quality water is the overarching goal, but there are also broad goals and objectives that concern forest productivity and health, natural and cultural resource protection, long-term timber value, wildlife, and public education and research. Climate change wasn’t explicitly addressed in the current plan, but it certainly will be in the next one.Foresters were already experiencing significant issues regenerating oak-hardwood stands due to deer impacts and other factors. This is a significant area of concern that Providence Water has been trying to address with a deer management program. Since the watershed property is located at the edge of a large urban area, it has a lot of invasives that are likely to become only more of a problem with climate change. It’s a challenge to maintain the internal unpaved road system and, with more frequent intense storm events, these roads are a potential vulnerability. 



HOW DID WE COME TO PURSUE THIS PROJECT?

• Poor upland oak growing site 
with some young pine 

• Land acquired recently; not 
historic ownership

• Death of remaining trees and 
regeneration failure following 
shelterwood timber harvest

• Drought, defoliation, deer
• “Nightmare” of what a 

significant acreage could come 
to resemble following a severe 
windstorm

• What to do with this site?
• Opportunity to experiment with 

“transition” strategy

Presenter
Presentation Notes
My work group helped me look at the forest health and regeneration issue because it’s such a tough one with important implications for the future. Eventually, my attention turned to an area called the Tunk Hill section of the property that had become something of a problem with no silver bullet management solution. This is a poor upland oak growing site with rocky and well-drained soils on a parcel that was acquired relatively recently and is not part of the historic ownership. There was a shelterwood timber harvest about 15 years ago, but many of the remaining canopy trees died in part due to drought and repeated defoliation by the orange-striped oakworm and other pests. There is some young pine that’s growing here, but otherwise regeneration basically failed to develop. 



Photo credit: 
Tom Rawinski

Presenter
Presentation Notes
Here’s a larger photo of one of the most hard-hit patches. I thought of this stand as a kind of “nightmare” of what a significant acreage of the property could come to resemble following a hurricane or severe windstorm. This was taken in the winter, but you can still see the understory blueberry and huckleberry shrubs that make it difficult for tree seedlings to become established and grow through this layer.So to use a saying of my old advisor Mark Ashton from the Yale School of the Environment, you can’t make a silk purse out a sow’s ear, but I thought about this site as a location for a tree planting to experiment with the aggressive or so-called “transition” response strategy because there really wasn’t much to lose here. 
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Very close to the nightmare stand, there’s a site that was formerly a stand of planted red pine that became infested by the red pine scale and adelgid.  The trees were cut before they died in an effort to capture their timber value and to try to establish regeneration, but the high deer population and invasives have inhibited native tree and plant establishmentWith support from a Forest Service grant, a 5-acre deer exclosure fence was constructed in 2011 and invasive plants inside were treated as a demonstration.The ownership and management history is a bit different, but otherwise these two sites have a great deal in common, so we conceived the idea of pairing them and following the same planting prescription at each one in an informal experiment to control for deer browse and try to measure the impacts.



Winter “Bird’s Eye” view from more than a decade ago (Bing Maps)

Presenter
Presentation Notes
Here’s an aerial photo of the paired Tunk Hill sites taken about 15 years ago in the winter and shortly after the red pine salvage harvest took place. As you can see, they’re only a few hundred feet part. The deer fence was built in the area within the red circle and the unfenced area is in yellow.The vegetation has of course grown in the years since this photo was taken and it looks a lot different on the ground now. 



2015 PLANTING: MIX OF SPECIES DIVIDED                                                      
DIVIDED EQUALLY BETWEEN TWO SITES

CONIFERS (250 each)
• Eastern red cedar 
• Loblolly pine
• Pitch pine
• Shortleaf pine

Native species
Non-native with limited 
presence
Not currently present

HARDWOODS (100 each)
• Black locust
• Black oak
• Persimmon
• Pin oak
• Sassafras
• Sweetgum
• White oak

Presenter
Presentation Notes
Providence Water is fortunate to have resources for managing the watershed including a budget and a watershed maintenance crew. Foresters mostly rely on natural regeneration in implementing the forestry program, but they typically plan a modest amount of tree planting each spring and so this project in 2015 was similar except for the tree species selected. To provide for a comparison, I selected a mix of both native species and other species currently not found further north than New Jersey that are projected to become adapted to Rhode Island in a changing climate scenario. I made use of the the Climate Change Tree Atlas in choosing the so-called future-adapted species.For most of us, the species you can plant are determined by nursery availability, and nurseries tend to sell species that are valued for their timber or other attributes. With our government purchasing policies, it made sense for us to use one vendor and we ended up going with the Maryland State Nursery, so that gives you an idea of the mid-Atlantic provenance of the seedlings. The tree atlas identified post oak as a very good match and I really wanted to plant that but couldn’t find it anywhere. They also didn’t offer Virginia pine in 2015 so we ended up including loblolly, which seemed a bit of a stretch at the time, but the nursery had plenty of that in stock and it will be interesting to see how that holds up through southern New England winters in comparison to the other pines.



Planting: May 5-7, 2015        Watering: May 8

Presenter
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A few watershed crew members planted the bare root seedlings in early May, 850 at each site for a total of 1700 seedlings overall. The crew focuses on other tasks and they only do this work for a couple of days each year, so we were in a different situation from those of you who hire a contractor whose employees have a lot of experience planting seedlings. We had to plant during a dry week and so we followed up with watering the seedlings using Indian pumps, although this isn’t standard practice for trees planted in the woods.Of course, all of us are at the mercy of the weather, and unfortunately we had almost no rain during the month immediately following the planting.



MONITORING AND INITIAL RESULTS

• Irregular but varied species 
distribution by planting crew 

• Significant mortality resulting 
from drought immediately 
following planting

• Survivors are doing OK
• Monitoring height growth of 

10 individuals of each species 
in both areas

• Annual height measurements 
planned for at least 5 years

• Results indicate deer browse 
is having a significant impact

Presenter
Presentation Notes
Since the paired sites are each about 5 acres in size, the seedlings are spread out. Some of the species ended up being widely distributed, while others were more clumped.There was significant mortality from the drought immediately following the planting, but the survivors are doing OK. The hardwood seemed to fare better initially, maybe because they were more drought tolerant or had more stored reserves. In subsequent years, I noticed that some of the pines were growing well.I set up an informal study to monitor the height growth of 10 individuals of each species in both areas for at least the first five years. Information about the successes and failures of this project will inform future planting efforts.It’s a limited dataset, but preliminary results indicated that deer browse is having a significant impact as anticipated: surviving seedlings inside the fence had grown an average of 2 inches by the summer of 2016, while those outside the fence saw an average height reduction of 3 1/2 inches as a result of deer eating them. As the trees grow older, the new species’ survival rate, health, and ability to regenerate can be compared to the native species.
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Recent summer aerial view (Google Maps)

Presenter
Presentation Notes
Here’s another aerial view of the Tunk Hill project site during the summer about five years ago.You can see how the vegetation is really starting to fill in, especially inside the fenced area in the red circle. Although it’s green, you can also see how there are big gaps between the canopy trees in the unfenced area.  



2016 ENRICHMENT PLANTING AT SIMILAR SITE

• 38 acre upland oak stand 
thinned in 2014-15

• Anticipated natural 
regeneration challenges

• Students planted “climate 
adaptation mix” in 2016

• Part of larger grant funded by 
Arbor Day Foundation TD 
Green Streets Program

• Possible future seeding

Presenter
Presentation Notes
With the experience from the 2015 planting under our belt, the next year we did another climate adaptation planting in the same forest type on the other side of the reservoir. Challenges here are similar to those at the Tunk Hill site. This followed a thinning in an upland oak stand that harvested declining and poor timber quality trees with the intent of improving the growth of the remaining ones. After the harvest was completed, we prescribed an enrichment planting to help bolster poor natural regeneration conditions and add species diversity to this large block of homogeneous woodland.The major change with this one is that it was carried out as part of a larger grant project funded by the Arbor Day Foundation's TD Green Streets Program. Students from a science class at Providence’s Alvarez High School planted 300 seedlings on a spring field trip to the watershed property. 



Pre-harvest “Bird’s Eye” view during winter (Bing Maps)

Presenter
Presentation Notes
Here’s an aerial view of the stand before the thinning took place. We also enlarged a patch cut where there used to be red pine to provide a larger area of early-successional habitat for wildlife 



2016 ENRICHMENT PLANTING                                           
300 seedlings planted by high school students

CONIFERS (75 each)
• Shortleaf pine
• Virginia pine

Native species
Non-native with limited 
presence
Not currently present

HARDWOODS (25 each)
• Black locust
• Black oak
• Chestnut oak
• Persimmon
• Sweetgum
• White oak

Presenter
Presentation Notes
Once again, we went with a mix of both native and mid-Atlantic species that are suitable for the rocky, well-drained soils at the site. We used most of the same species from the Tunk Hill planting, along with a new one in Virgina pine, which is somewhat similar to pitch pine in that it has little timber value but is a good match in other ways for these sites. 



2016 ENRICHMENT PLANTING

Presenter
Presentation Notes
The students were from an AP Environmental Science class and certainly a big part of this event was its educational value to the class.They had been studying climate change and the planting activity was part of a field trip in which the students also learned about Providence Water’s forestry and land management program, stopped one of the historic cemeteries in the woods, and walked to the edge of the reservoir.Like the maintenance crew, they weren’t experienced tree planters but they had enthusiasm for the job and really enjoyed coming out from the city to see firsthand where their water comes from.



2017 REPLANTING OF 2014-15 BURN SITE

Spring 2015

Spring 2016

Presenter
Presentation Notes
And in fact, another group of students from the teacher’s class came out the following spring for another planting that was funded under the same grant.This project was a bit different. We replanted a portion of an area that experienced two successive understory wildfires in 2014 and 2015 when trespassers’ fires burned out of control. The burned area was 12 acres in the middle of a 65-acre even-aged white pine plantation. One goal of this planting was to stabilize the soils, prevent erosion, and establish new trees that will hopefully grow well on this site. It was also an opportunity to diversify the species composition of the stand. 



2017 REPLANTING OF 2014-15 BURN SITE                                           
300 seedlings to be planted by high school students

HARDWOODS 
• Chestnut oak (100)
• White oak (25)

Native species
Non-native with limited 
presence
Non-native similar to 
native species 

CONIFERS
• Eastern red cedar (25)
• Japanese larch (25)
• Norway spruce (25)
• Pitch pine (100)

Presenter
Presentation Notes
We went with a different species mix for this planting and that was not entirely by design but because the Maryland nursery had sold out of the species we wanted. So I selected a mix of natives and new species from what the New York State Nursery had to offer.This is somewhat more representative of the species Providence Water plants on a poor growing site without the climate adaptation angle, so it will be interesting to compare the results with the projects from 2015 and 2016.Foresters want white pine to remain a really important component of our forest, but we don’t always plant it because it regenerates so well on its own. 



CHALLENGES  &  OPPORTUNITIES

• In CT and RI, deer take a 
toll on seedling survival 

• Important variables: 
• seedling availability
• planting crew experience
• planting season weather

• Untested and not yet 
viable from a purely 
economic perspective

• Some skepticism from 
traditionalists

• Relatively modest cost
• Benefits from participating 

in community of practice 
and updating education

• Example of a tangible on-
the-ground local action

• Opportunity to engage 
others on climate change

• Significant external interest 
in projects 

Presenter
Presentation Notes
In summary, there are a lot of challenges and opportunities from engaging in these kinds of climate adaptation projects. We learned a lot in the process and that may have been one of the biggest benefits of all.Despite some skepticism from traditionalists, I’m glad we went ahead with these efforts and we gained some valuable information. For any tree planting, there are a lot of variables to consider, but controlling the ones you CAN control will increase your chances of success. The preliminary results from our informal study confirmed what we expected about deer impacts and having this empirical data is helpful for the vegetation monitoring component of the deer management program. As most of you may suspect, these practices are relatively untested and they aren’t yet viable from a purely economic perspective.But for a relatively modest cost, I think it’s great to be able to provide an on-the-ground example of an adaptation action. People can relate to planting trees and it’s an opportunity to engage others on the subject of climate change. These projects aligned with Providence Water’s broad management goals and objectives and it was one starting point for getting the larger utility involved with long-term climate planning. We received a significant amount of external interest that I hadn’t expected, with this project being featured on the USDA Northeast Climate Hub website and even in an article in the New York Times. Finally, I think that participating in an active, lively community of practice and continuing our education is one of the biggest benefits for foresters, land trusts, and landowners. 



THANK YOU

Christopher Riely, CF
Sweet Birch Consulting, LLC
christopher@sweetbirchconsulting.com
(401) 225-6135

QUESTIONS?
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