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Boreas, the Greek god of the North, gives his name to the northern boreal lands, mapped between 50° and
70°N latitude, that include forest, interspersed peatlands, and treeless tundra. The largest boreal forest is
the Russian Taiga, extending into Scandinavia. The term ‘taiga’ (not capitalized) can also mean boreal
forest or just the northern fringe bordering tundra. The second largest North American boreal forest spans
1.5 billion acres (~600 billion hectares) and may be the largest intact woods in the world.[1]

One third of land on Earth is covered by forests, of which 45% are tropical, 27% boreal, 16% temperate,
and 11% subtropical.[2] Boreal forests store almost twice as much carbon as tropical forests, mostly in the
soil, where decay is slowed by cold and/or water saturation. About 85% of boreal carbon is underground,
compared to 50% for tropical forests.[3] Most land plants have symbiotic mycorrhizal fungi associated
with their roots, that help plants obtain nutrients from the soil. The fungi play a role in carbon storage, in
part by using it to build a mycelial network that also stabilizes soil. The type of mycorrhiza that partners
with boreal trees gets a bigger allocation of carbon than does the other major mycorrhizal fungus type.[4]

Peatlands, a kind of wetland, are found on every continent, and hidden peatlands are still being
discovered. Fens and bogs have a reputation for being spooky, smelly, and unhealthy (like the moors in
the Hound of the Baskervilles) but are undervalued. They store and filter water and are home to many
birds, animals, and plants.[5] Sedges and mosses absorb CO2 photosynthetically, but plant litter is
prevented from fully decomposing by the waterlogged conditions, making peat instead of returning CO2
to the atmosphere. Peatlands are a net carbon sink, even though they emit methane, and store more carbon
than in all of the world’s forests combined while covering only 3-4% of the Earth’s land surface.[6]

Dried peat burns well and was long used for household heating. Wildfires that burn peat are smoky,
difficult to put out, and can smolder and reignite, zombie-like.[7] About 12% of peatlands globally have
been drained to make room for crops, forest, or livestock. Drained peatlands emit greenhouse gases that
are 4% of annual global human-induced emissions.[6] Rewetting drained peatlands will stop CO2
emissions and reduce climate warming despite restarting methane emissions.|[8]

Decay of plant matter is slow in the cold and slower yet in permafrost, ground that remains frozen for at
least two consecutive years. Carbon can remain sequestered here for thousands of years. Permafrost in the
Boreal-Arctic zone underlies boreal forest (below an active soil layer) and tundra; permafrost can also be
alpine or underwater. The Arctic, however, is warming 2-4 times faster than the rest of the globe,[9] and
permafrost is thawing. Already the landscape is changing. As ice melts and ground collapses, uneven
thermokarst landscapes emerge.[10] Land slumps, lakes can appear and disappear, and roads and houses
become unstable.[11] Gradual thawing releases CO2 and methane as the once-frozen peat decomposes.
But in around 20% of frozen lands, there are large quantities of ice in the ground or unstable slopes that
increase the chances of abrupt thawing and gushes of greenhouse gases from deeper layers. For example,
Yedoma is a kind of thick permafrost that may be 90% ice, and it is extremely vulnerable to this.

Permafrost thaw has been called a ‘sleeping giant’ or ‘Pandora’s freezer’ or a potential time bomb. Is
permafrost stable or is this a possible tipping point?[12] Models weigh increased CO2 uptake by
expanding vegetation (greening) against carbon additions to the atmosphere from previously frozen peat
soils and wildfires.[13] The data shows the permafrost region shifting from carbon sink to carbon source,
when fire emissions are factored in.[14]

It’s hard enough using tree cover to measure forest carbon. Below ground is harder. Digging deeper, I’ve
learned that boreal forests store more carbon and more carbon in soil than tropical forests, peatlands store
more carbon than forest lands, and permafrost contains a third of global soil carbon. What is the lesson
from trees, fungal networks, soils, peatlands, and permafrost? Keep carbon in the ground.
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