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1. Introduction 
I think that I shall never see 
A poem lovely as a tree. 

…1 

- Joyce Kilmer 

I have noted lately that trees have received much press as potential climate change 
fixes. Indeed, I covered this with earlier posts, most recently with one called NUTS, 
which is linked below (this earlier post also started with a famous quote – its name). 

https://www.energycentral.com/c/cp/nuts  

This earlier paper was mostly about using woody biomass with carbon capture and 
sequestration as negative (carbon dioxide) emission technology (hereafter NET), 
although I did touch briefly on the subject of this paper: reforestation and afforestation. 
These are both also NET, but they also have some other benefits as well as potential 
issues (with potential solutions). 

2. Journey to the Past 
After the Introduction in NUTS, the first section described a journey from my primary 
residence (Livermore, CA) to my occasional residence (Arnold, CA). This mainly focused 
on the agriculture in California's Central Valley. I will start this section with a similar 
journey, but only focus the natural landscape. Much of the land I travel though has been 
developed, but there is just enough reserved so that I can see what it looked like before 
development. 

The reason for this trip is to explain the right way to do reforestation (replanting 
woodlands in areas that previously were cleared) and afforestation (planting woodlands 
in areas where there were no recent forests). The key word here is the use of 
"woodlands" in lieu of "forests". 

A major mistake in conceptualizing using trees for NET is not to plant mono-cultures (a 
single species) in large tree-plantations. Agricultural and forestry scientists have learned 
in recent years that we should emulate existing ecosystems, which are all composed of 
mixed species, and are much more resilient than a monoculture.  

On our trip from Livermore to Arnold, except for two exceptions, we will mainly stay in 
one ecosystem: California interior chaparral and woodlands. Note the "woodlands", and 
also review the picture below. 

                                                 
1 This short poem is only a dozen lines long. If you would like to read the entire verse, go to the Poetry 

Foundation via the following link: https://www.poetryfoundation.org/poetrymagazine/poems/12744/trees  

https://www.energycentral.com/c/cp/nuts
https://www.poetryfoundation.org/poetrymagazine/poems/12744/trees
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The above picture is a hillside in Sunol Regional Wilderness near Livermore. Note 
several things about this ecosystem.2 3 

 The topology of this ecosystem is hills and valleys. 

 The vegetation is primarily grassland, stands of chaparral (bushland) and small 
to large trees mixed in with the chaparral. 

As we drive east out of Livermore we cross the Altamont Pass. Since the many 
thousands of 100-kW class wind-turbines have been replaced with a few hundred 2-MW 
class turbines, the ecosystem seems to be OK (see the picture below).4 This land has 
been used mainly for grazing cattle, and still is (can't see them at the picture's resolution 
– the gray stripe in the middle is I-580 – a six- to eight-lane freeway, the body of water in 
the background is Los Vaqueros Reservoir, surface area: 2.2 square-miles). 

As we pass through the Altamont, we enter Tracy in the Central Valley, and the Central 
Valley is the first different ecosystem, or would be if it were not extensively developed. 
The western communities have widespread housing, mainly for workers that commute 
into the SF Bay Area and Sacramento Area.  

                                                 
2 Winkipedia Article on "California interior chaparral and woodlands", 

https://en.wikipedia.org/wiki/California_interior_chaparral_and_woodlands  
3 World Wildlife Fund Article on "California interior chaparral and woodlands", 

https://www.worldwildlife.org/ecoregions/na1202  
4  NextEra Energy Resources, "Vasco Wind Energy Center Fact Sheet" 

http://www.nexteraenergyresources.com/pdf_redesign/vasco.pdf  

https://en.wikipedia.org/wiki/California_interior_chaparral_and_woodlands
https://www.worldwildlife.org/ecoregions/na1202
http://www.nexteraenergyresources.com/pdf_redesign/vasco.pdf
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Most of the eastern 2/3rds of the Central Valley is dedicated to agriculture (lots of nut 
orchards, vineyards, and various seasonal crops). However, as we approach the Sierra 
Nevada Foothills (which also have a California interior chaparral and woodlands 
ecosystem), the eastern edge of the central valley is much as it was originally – mainly 
grasslands, with very small stands of small-to large trees and chaparral. As we climb into 
the foothills, the trees and chaparral thicken, as does the major fire risk (see my earlier 
post linked below). The bad news is that this risk is caused by climate change, the good 
news is that there are reasonable ways to manage it (for now). 

https://www.energycentral.com/c/ec/fires-and-storms-–-part-1-rev-b 

As we climb through the foothills, we go through the towns of Angels Camp and 
Murphys. East of Murphys we will quickly climb to 3,000 ft. elevation and the start of the 
Low Sierras. The "Low Sierras" is the second different ecosystem, and this tends to be 
high-density forest, not mixed grass, shrub and woodlands. Also the dominant species of 
trees are different in the low Sierras vs. the foothills, as you will see in the next section. 

3. Using Natural Ecosystem Trees 
We will focus on medium to large long-lived trees as we review the three ecosystems 
below. We will seek to expand or maintain the density of these trees. Once we are into 
the third subsection below (Low Sierras) we will be looking at trees that can be 
sustainably harvested to produce long-lived structures and furniture. Long-lived wooden 
structures and furniture also sequester carbon and allow continually increased 
sequestration as successive growths mature, are harvested and used to build structures 
and furniture. 

https://www.energycentral.com/c/ec/fires-and-storms-–-part-1-rev-b
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Note that I describe the long-lived trees in each of the three ecosystems below. I'm not 
using footnotes for these descriptions as there would be too many – I generally needed 
to look at several sources for each tree to get all of the information that is pertinent to 
this paper. If you want to dig into this further, I would put the most popular common 
name of a tree into your search engine of choice. Also Wikipedia is a good source of 
information, as well as the USDA site below. 

https://www.feis-crs.org/feis/  

3.1. California Interior Chaparral and Woodlands Ecosystem 
I covered chaparral extensively in the earlier above-linked part 1 "fires and storms" 
paper. The main goal in managing chaparral is to reduce the fire risk to residents in 
populated areas. 

There are three long-lived tree species that are dominant in this ecosystem: 

 California buckeye or California horse-chestnut: This is the smallest tree, but it 
is long-lived. A mature tree is up to 13–39 ft. tall, with lifespan of 250-280 years. 
It will do well in woodland stands mixed with the next species. This small tree is 
occasionally used for lumber and paper pulp. 

 The Blue oak (a.k.a. iron oak, mountain white oak or mountain oak) is one of the 
most draught-resistant oaks. This is a medium-sized tree with sparse foliage, 
generally 20–65 ft. tall, with a trunk 1–2 ft. in diameter at chest height. The trees 
grow slowly, about 12 in. per year. Blue Oaks typically live for several hundred 
years and can be over 500 years old. The blue oak wood is used in small 
amounts for fuel and furniture production. 

 Gray pine (a.k.a. foothill pine or colloquially, digger pine) typically grows to 36–
45 ft. but can reach 105 ft. in height. This tree is very draught-tolerant, and fast 
growing (28" per year for the first eight years). Trunk is one to three ft. in 
diameter at chest height. Life span is estimated to be around 200 years. Gray 
pine wood has minor commercial value.  It is used for making railroad ties, box 
stock, pallet stock, and chips. 

3.2. Central Valley 
The small stands of woodland in the eastern central valley have one additional tree-
species that is described below, but the above trees can also reside here, especially in 
the transition from the Central Valley grassland to the Sierra Nevada foothills' interior 
chaparral and woodlands. 

 Valley oak or roble, grows into the largest of North American oaks. Mature 
specimens may attain an age of up to 600 years. This deciduous oak requires 
year-round access to groundwater, and thus it typically doesn't do well in the 
prior ecosystem (the Central Valley has a fairly shallow water table in reserved 
areas, and in the foothills this can be very deep). A mature valley oak can have a 
trunk diameter of ten ft. at chest height, and may be up to 100 ft. tall. Valley oak 
has a small commercial market for the lumber in the manufacture of cabinets, but 
is rarely logged in the Central Valley due to extremely sparse distribution. The 
wood is occasionally used for wine barrels. Historically, it was primarily used as 
firewood and as a source of commercial charcoal. 

https://www.feis-crs.org/feis/
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3.3. Low Sierra Nevada Mountains 
The Low Sierras are technically a Lower Montane Forest, there are a handful of 
dominant tree species, but the main one is the first below, and this zone is sometimes 
called the Yellow Pine Zone or Jeffrey Pine Zone. Also note that the first two species 
below (by far) have the highest density in my Low Sierra forest. 

 Jeffrey pine, Jeffrey's pine or yellow pine: this is a large pine species, with a 
mature height of 80 to 130 ft. and sometimes over 170 ft. The trunk is one to six 
feet in diameter at chest height. Growth rate is two to three ft. per year. The 
primary use for its low-grade wood is dimensional lumber, as well as other 
construction products. High-grade wood is used for molding, millwork, cabinets, 
doors, and windows. 

 Incense cedar: this is a large tree (up to 120–180 ft. height and a trunk diameter 
of up to 9 ft.). Growth rate is one to two ft. per year. This tree is valuable for 
specialized lumber. It is moderately decay resistant and has a strong spicy-
resinous fragrance. It is used for pencils, cedar chests / closets, fence posts, 
window sashes, sheathing under stucco or brick veneer construction, mudsills 
and greenhouse benches. It is also widely used for interior and exterior siding. 
The maximum age of an incense cedar tree can be over 1,000 years. 

 California black oak: Also known as the Kellogg oak. This is the only large 
deciduous tree in the Low Sierra ecosystem, although its dispersal is fairly low 
compared to the first two species above. Mature height typically ranges from 30 
to 80 ft. and diameter from one to five ft. Growth rate for sprouts is about two ft. 
per year for up to 10 years, and then slows dramatically. Century-old California 
black oaks only grow 1 to 2 inches per decade. Typical lifespan is 100 to 200 
years, but can range up to 500 years. California black oaks are currently used for 
high-grade lumber and pallets, industrial timbers, sawdust for mulching, and fuel 
wood. Its hardness and finishing characteristics make it suitable for flooring and 
its grain characteristics make it desirable for paneling and furniture. 

 Douglas fir: First of all a Douglas fir, is not a fir, but rather a pine, and is also 
known as the Douglas pine, Oregon pine and Columbian pine. There are two 
sub-species, the (Pacific) coast Douglas fir, and the Rocky Mountain Douglas fir. 
The former is larger, grows in my forest, and is what is described below. This is a 
very large tree, being 70–200 ft. high, with a trunk diameter of up to 10 ft. The 
lifespan of a Douglas fir is 500 to 1,000 years. The growth rate is one to two feet 
per year. The Douglas fir is one of the most important lumber trees in the western 
U.S. 

 Sugar pine is one of the tallest and largest pine species (depending on the 
ecosystem the Douglas fir may be larger). Its maximum height can exceed 200 ft. 
with a trunk diameter that can exceed 10 ft. Growth rate is two ft. per year up to 
their mature height and the lifespan is typically 400 to 500 years. This tree is 
primarily used for lumber production, but probably not so much in my forest. I've 
only seen a few of these and they were very large old-growth trees. 

4. Into the Future 
There are several major tasks that need to be accomplished in order to optimize the 
greenhouse gas reduction potential of California's natural landscape, and also provide 
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other positive benefits. There are two California state agencies that are responsible for 
managing natural landscapes. The general focus on this is provided by the first agency 
below, and the second agency has a very specific mission as described by its name. 

The California Natural Resources Agency 

http://resources.ca.gov/agency/  

CalFire (California Department of Forestry and Fire Protection) 

https://www.fire.ca.gov/  

California also has some excellent colleges and universities that can support the above 
agencies in some of the tasks described below. 

UC Davis Department of Plant Sciences 

https://www.plantsciences.ucdavis.edu/ 

UC Kearney Agricultural Research and Extension Center (KARE) 

http://kare.ucanr.edu/ 

UC Berkeley Department of Agricultural and Resource Economics 

https://are.berkeley.edu/ 

California Polytechnic State University-San Luis Obispo College of Agriculture, Food and 
Environmental Sciences 

https://cafes.calpoly.edu/ 

California State University, Fresno, Jordan College of Agricultural Sciences and 
Technology 

http://fresnostate.edu/jcast/ 

Bakersfield College Agriculture Department 

https://www.bakersfieldcollege.edu/agriculture 

4.1. Understanding Ecosystems 
This is not a general understanding, but rather the specifics of the carbon-carrying 
capability of the various California ecosystems. This will probably also include 
developing and refining computer models of these ecosystems as they currently exist, 
estimating the changes caused by climate change over the next few decades, and the 
likely evolution of each ecosystem as they respond to these changes. Now you know 
why I included the above colleges and universities.  

4.2. Negative Emissions Technologies (NET) 
The above work is preparation for optimizing the carbon carrying capabilities of each 
ecosystem as it moves into the future. This will allow our state government to provide 
incentives for land-owners, and adjust the missions of agencies to provide NET 
implementations consistent with the following restraints (and perhaps others): 

 Continue California's leadership role in agriculture and food production 

 Provide reasonable expansion of housing and transportation 

 Improve fire-safety as climate change impacts various ecosystems 

http://resources.ca.gov/agency/
https://www.fire.ca.gov/
https://www.plantsciences.ucdavis.edu/
http://kare.ucanr.edu/
https://are.berkeley.edu/
https://cafes.calpoly.edu/
http://fresnostate.edu/jcast/
https://www.bakersfieldcollege.edu/agriculture
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 Develop the NET potential provided by woody biomass (see NUTS, linked 
above) 

 Develop the NET potential of expanded use of tree products in long-lived 
structures and funiture 

 Develop strategies to protect endangered flora and fauna as climate change and 

its effects develop.  

4.3. Issues and Potential Solutions 
The primary issue is the one mentioned in the last bullet above. As the effects of climate 
change come into play in the above ecosystems, some species of trees will have 
problems. We have already seen this in the Low Sierras as pointed out in an excerpt 
below from an earlier paper (Fires and Storms, Part 1 – A link to this is in section 2 
above). 

A major source of weakening and killing trees in the Low Sierras is the Jeffrey pine 
beetle. This beetle experiences boom or bust population changes that kills a large 
percentage of weakened Jeffrey pines following a severe or prolonged drought. These 
droughts are frequent in most of California. The effects of this beetle are increased and 
expanded by the reduced number of subfreezing (and beetle-killing) days caused by 
climate change. The image below is of a typical pine beetle infestation.5 

 

The range of the Jeffrey pine beetle can be seen in the figure below. Note that there are 
other bark beetles that infest other species of pines, spruce and fir, but in the Low Sierra 
these tree species are too widely dispersed for these beetles to be a significant threat. 
Cedars are apparently immune to bark beetles. 

Proper forest management includes prompt removal of deceased and dead trees. Also 
thinning the forest helps reduce pine beetle infestation and promotes better tree health. 
Based on the number of logging trucks that travel the roads near my home in the forest, I 

                                                 
5 Sheri L. Smith1, Robert R. Borys 2 and Patrick J. Shea, U.S. Department of Agriculture, Forest Service 

Forest Insect & Disease Leaflet 11, "Jeffrey Pine Beetle", Revised June 2009, 

http://www.ncrcd.org/files/5013/5837/3139/Jeffrey_Pine_Beetle.pdf  

http://www.ncrcd.org/files/5013/5837/3139/Jeffrey_Pine_Beetle.pdf
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would say that the Stanislaus National Forest managers are aggressively implementing 
the above actions. 

 

As we encounter challenges like the above we can employ a range of solutions, 
including: 

 Good forestry practices as described above 

 Selecting genetic variants of a particular tree species that are more resistant to 

the condition or pest that is impacting them 

 Minimal genetic modification necessary to reduce a given tree species 

susceptibility to a given challenge 

 As a last resort, replacing the challenged tree species with another related 

species to the extent required to overcome the challenge while maintaining or 

increasing species diversity 

4.4. Expanded Employment 
Certainly, the State of California has been a leader in developing high-paying jobs for its 
residents, but most of these jobs are highly skilled jobs in major metropolitan areas. 
Blue-collar jobs in more remote areas of our state are harder to find. It is suggested that 
sustainable forestry, lumber and other tree-product processing (including furniture 
manufacturing) can provide these. These can also include construction of electric 
generation facilities using woody biomass (see NUTS). These will have carbon capture 
and sequestration to maximize NET. 

4.5. Structural Changes 
The title of this subsection is an overused term, but not in the way that I am using it. It is 
suggested that the State of California sponsor the development of beautiful, safe, and 
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above all else, long-lived structures and furniture making efficient use of lumber and 
other wood products. I've stolen a few paragraphs below from an earlier paper (linked at 
the end of this subsection). 

Structures and Furniture: The structures of many houses and small buildings are 
currently made from wood. Also other parts of these structures are made from wood 
(flooring, paneling, cabinetry, and others) and this could be expanded with the right 
incentives. A well-made and maintained structure can last for centuries, and I’ve seen 
timber-framed structures in Europe that are over 1,000 years old. Also, wood can be 
used for very large buildings. As an example, the Tacoma Dome is a domed stadium 
that can seat up to 23,000 people, and most of its structure is made from wood. See the 
link below for more information. 

http://westernwoodstructures.blogspot.com/2012/08/the-tacoma-dome.html  

Well-made and properly maintained wood furniture can also last centuries. Although I’m 
not an antique collector, I have a Morris chair and a corner chair in my house that are 
each over 100 years old and are both attractive, comfortable and sturdy. 

https://www.energycentral.com/c/ec/climate-and-energy-part-3-mitigating-climate-
change-rev-b  

4.6. One Final Thought 
The above structural and furniture building should start in our state, and thus provide 
major employment (and NET) opportunities. However, I believe this could spark a world-
wide renaissance in tree-based solutions to climate change. After all, for much of man-
kind's existence trees have provided sustenance, shelter, and warmth. Is it not 
appropriate that they should also provide a solution to our latest foolishness? 

http://westernwoodstructures.blogspot.com/2012/08/the-tacoma-dome.html
https://www.energycentral.com/c/ec/climate-and-energy-part-3-mitigating-climate-change-rev-b
https://www.energycentral.com/c/ec/climate-and-energy-part-3-mitigating-climate-change-rev-b

