
BY JOHN YARIE

he following
statement was

developed to indi-
cate that single sim-
plistic notions of
how drought may
influence forest
ecosystem dynamics
might be more complicated than for-
getting to water your indoor living
room plants: “The surprising conse-
quence of drought in interior Alaska is
related to the opacity of forest dynam-
ics observed across the landscape,
which is related to the structure and
interaction of process-limiting attrib-
utes at individual locations.” 

Many people might assume that the
growth of forests in the northern bore-
al forest is purely limited by tempera-
ture. After all, low winter temperatures
can easily reach -50°F and it is very
rarely thought to get as warm as 90°F
in the short summer. In permafrost-
dominated areas with a slow-growing
black spruce forest, the primary con-
trol of ecosystem dynamics is a combi-
nation of air and soil temperature. Air
temperature will limit the length of the
growing season and soil temperature
will limit nutrient mineralization
dynamics. Due to the shallow active
layer depth (less than 1 meter) and the
amount of water present in the active
layer, moisture does not limit growth
in these sites. If you examine south-
facing slopes, permafrost may not be
present, the soils drain, and drought
conditions may develop during the
growing season. 

These ideas regarding the environ-
mental control of ecosystem function
in interior Alaska were tested using

two different approaches. The first
approach involved simple thinning,
fertilization, and a combined treat-
ment. The second was related to the
manipulation of precipitation inputs
into the forest ecosystem. 

The first experiment was developed
in a 70-year-old white spruce stand
(white spruce is the dominant com-
mercial species in interior Alaska).
Thinning, fertilization, and combined
treatments were used. Throughout the
45-year monitoring of these treat-
ments, it was found that both mois-
ture deficiencies and nutrient limita-
tions could reduce aboveground forest
tree growth on warmer sites in interior
Alaska. Soil moisture content meas-
ured at the treated sites indicated that
thinning resulted in an increase in soil
water. Thinning would reduce tree

moisture demands on the site result-
ing in greater moisture supply to the
remaining trees. Consequently, indi-
vidual aboveground tree growth
increased. Fertilization alone had little
effect on growth. The combination of
thinning and fertilization presented a
small number of years with increased
tree growth over the thinning treat-
ment. The principal conclusion from
this study was that soil moisture has a
major control over forest growth in
interior Alaska.

The second set of studies was
applied directly to the control of soil
moisture recharge from summer rain-
fall (Figure 1) or spring snowmelt
(Figure 2). Summer rainfall was
drained off of a replicate set of mid-
successional stands in both upland
and floodplain locations. This study
was carried out for 25 years and a sig-
nificant amount of mortality did not
occur due to treatment. The spring
snowmelt removal study was in place
for six years on sites adjacent to the
summer rainfall removal treatments.

Results of these studies were not
expected. On the upland sites, individ-
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Figure 1. A cover drains summer precipitation off a 10x15m forest area on a
white spruce/balsam poplar floodplain research site. Dams were placed uphill
of the trees to drain the water around the tree holes. The covers were
removed in the fall to allow snowfall on the ground, which did maintain
standard soil temperature dynamics and allow for soil moisture recharge
resulting from the melting snowpack.
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ual aboveground tree growth was
reduced by snowmelt removal, but not
by summer precipitation removal. So
we could have a summer with NO
rainfall and tree growth would not be
affected. However, when treatment
effects were viewed at the stand level,
both treatments (summer and spring
recharge removal) resulted in lower
total stand biomass growth. This result
could be tied to differences in mortali-
ty dynamics that would be included in
the stand-level numbers. 

On the floodplain sites, the oppo-
site trend was observed for individual
tree growth. Summer precipitation
removal reduced white spruce growth
while snowmelt removal had no signif-
icant effect. This difference could be
tied to a higher water table on the
floodplain sites due to high river levels
in conjunction with the spring
snowmelt dynamics in the watershed.
Neither treatment affected stand-level
biomass growth, so mortality between
the control and treated plots was the
same. 

Forest floor thickness and mass
were increased in all stands as a result
of rainfall exclusion. Also, soil respira-
tion, particularly in upland sites, was
reduced. This observation indicates
that rainfall is a key factor in the con-
trol of forest floor decomposition. 

Finally, we did see a change in root
distribution. The floodplain sites dis-
played an increase in root biomass
present in lower soil horizons com-
pared to the control plots in both the
summer and spring moisture recharge
treatments. On the upland sites, the
root movement to lower levels was
greater in the summer exclusion treat-
ment. The majority of the fine and
medium roots were observed in the
15-30 cm depth layer. The spring
recharge removal treatment showed a
movement into the 5-15 cm depth
layer. Since this experiment only lasted
for six years, it is anticipated that if this
study were extended, root movement
into lower layers would continue.
Overall, the results from these studies
indicate that changing precipitation
dynamics in the interior Alaska boreal
forest will have complex effects on the
functioning of forest ecosystems.

The key components tied to the
relationship between moisture
dynamics and ecosystem function are

the topographic location of the sites
(floodplain, upland, north slope, or
south slope), seasonal timing of pre-
cipitation events, and the interaction
of lengthening of the growing season,
seasonal timing of precipitation, and
changes in the seasonal timing of for-
est growth dynamics.

Future climate and
management implications

Based on climate projections for
Alaska, the results from the study in
interior Alaska can be applied to the
rest of the state. All regions simulated
in a Scenarios Network for Alaska +
Arctic Planning (SNAP) report predict-
ed that temperatures will increase
throughout Alaska and most of the
increases will occur in the winter
months. Precipitation is expected to
increase even though current records
are showing little gain in Alaska. In
fact, the Fairbanks area displayed
almost no snowfall for the months of
December, January, and February this
past winter (2015-2016).

The climate scenarios and resulting
tree growth are strongly suggesting
directions for future forest manage-
ment in interior Alaska. First, there is a
strong indication that tree spacing can
play a significant role in enhancing
tree growth. Management will need to

include adaptive planning techniques
that will suggest mid-rotation treat-
ments necessary to obtain the desired
product on time. Second, future cli-
mate predictions could be used to look
at species replacement trials. White
spruce seed may have to be collected
from populations much further south
(possibly from areas close to Prince
George, British Columbia). Finally,
unconventional species trials may
need to be developed. One idea might
involve testing of species like lodge-
pole pine or ponderosa pine.
Lodgepole pine trials have been set up
for the past 20 years and selection of
correct seed sources has resulted in
high survival and good growth.
Ponderosa pine is a species that can
handle the potential dryness of interi-
or Alaska but may have issues with day
length changes and potential winter
temperatures that will exist in the
future. ◆
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Figure 2. Removal of winter snow pack off a 15x15m forest area on an upland
mixed hardwood/white spruce research site. Snow was removed with a
standard snow blower from the top of a plywood roof that was approximately
9 cm above the ground surface. Within a week all remaining snow had
evaporated. The cover was removed later in the spring to allow summer
precipitation to be the major source of soil moisture.




