Effects of Changing Atmospheric
Deposition and Climate on the
Structure and Function of a
Northern Forest: Long-Term
Measurements and Experiments
from the Hubbard Brook
Experimental Forest, NH, USA



* History and background of the HBES

* Research approach and long-term observations and
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* Long-term trends
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The Hubbard Brook
Experimental Forest, NH




* HBEF- Established in 1955 by the USDA Forest Service
for hydrologic research.

* HBES- Initiated in 1963 using the small watershed
approach to study hydrologic cycle-element
interactions in small undisturbed and human-
manipulated forest ecosystems.

* Funded in 1987 as a NSF Long-Term Ecological
Research site.
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Scaling Environmental Studies

Spatial
Scale (m)
Laboratory 10-1 - 100
Mesocosm/Small Plot 101 — 102
Small Watershed 102 - 10°
Medium Watershed 10% - 10°
Large Basin 105 — 106
Regional Surveys 10°— 106
National/Continental 106 — 107
Assessments
10/

Global Analysis

Temporal
Resolution




Scaling Environmental Studies

Control Irrelevant
Laboratory

Mesocosm/Small Plot
Small Watershed
Medium Watershed
Large Basin

Regional Surveys

National/Continental
Assessments

Global Analysis Out of Control Relevant
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Bedrock Quartz Mica Schist and Quartzite

Landscape  Till-Mantled Glacial Valleys

Soils Spodosols (Typic Haplorthods)
pHw %BS
Oa 3.9 50
Mineral Soil 4.3 12

Vegetation Northern Hardwood Forest; Cutting 1915-17;
80-90% Hardwoods, 10-20% Conifers

Climate Humid Continental, Mean Precipitation 1400 mm



Elev
700 (m)
30
Capopy 20 600
Height 1o
I : l
Till o i | Spruce-
Depth L P '

100 200 300 400 500 600 700 800 900

Dist. upslope from weir (m)

10



11



Mt. Kineo (1015m),

Mt. Cushman (977m)

Legend

Forest Type A Peaks
Northern Hardwood -~~~ Rivers
High Hardwood Lakes
Fir-Birch ~N\~~ Roads

UL L

Spruce-Fir-Birch

Hemlock

Hubbard Brook Experimental Forest

0

0.5

1

2

3

4

N

Kilometers A

12




Total Biomass (Mg ha™)

250

200

150 -

100 A

A
o

0

25 -
20 A
15 -
10 -
5 -

0

20 -

15 -

10

5 -

0

| Live trees > 10 cm dbh

Dead trees > 10 cm dbh

Live trees 2 - 9 cm dbh

1960 1970 1980 1990 2000

Year

2010



Relative Dominance

0.6 1

0.5 -

0.4 -

0.3 -

0.2 1

0.1 -

—e— Sugar maple
—a— Yellow birch
—a— American beech

Sugar maple
has

shown poor
growth in
recent years






Flowpaths of water influence soil development
(Bailey et al. 2014)
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Small Watershed
Concept Evapotranspiration
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«— Precipitation Collector v .o v

" Topographic

Water Budget at Hubbard Brook:
Precipitation {100%) = Streamflow {(60%) + Evapotranspiration {(40%)
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Relatively little change
in concentrations of
dissolved materials
but large increases

in particulate materials
with increasing
discharge
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Deposition Concentration with National Emissions (1966-2013)
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1 11.8 1956 Calcium silicate addition 1999

2 15.6 1957 Clear-felled in '65-66, no products removed, herbicide application
‘66,67, 68.

3 42.4 1958 None — Hydrologic reference.

4 36.1 1961 Clear-cut by strips in three phases —'70,72,74. Timber products
removed.

5 21.9 1962 Whole-tree clear-cut in 1983-84. Timber products removed.

6 13.2 1963 None — Biogeochemical reference.

7 76.4 1965 None

8 59.4 1969 None

9 68.0 1994 None

101 12.1 1970 Clear-cut as block in 1970. Timber products removed.
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Hubbard Brook Ecosystem Study Conceptual Model
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| Climate Change and Forest Ecosystems |

Disturbance
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Hubbard Brook Climate

Air temperature:
19 °C (Jul) to -8 °C (Jan)

Precipitation: 1400 mm

Max. Snowpack: 72 cm

Max. Soil frost: 6 cm
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* Chronic change through long-term
measurements, experiments and
modeling

sExtreme events



5-year mean annual temperature
(deviation from 1991-96 mean), °C
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Warming has been more pronounced and
variable in winter than the annual period
(data for station 1 at HB)

A
8 - Slope =0.026 °Clyr “ \
2 _ A A A A
f L TR o T M A
67 et gy a8 A w4
I R I O OO T
@) 4 —
E;
= 2 —A— Mean annual
E —®— Mean winter
E 0  Slope=0.034"°Clyr . © ﬂ
ju R? = 0.21 0 O o ©
<< 5 .. .\'\ \ ! PPN _f.'“_ - =
| ( 0 o BV
PN ® [!5-—2- .0'3'\'/ o ©\6°
BRERRE S i AL & / L
-4 — ® @ ? @ \\. 6 @ @
© @
-6 - I I I I I I
1960 1970 1980 1990 2000 2010

Year

42



Change in frequency at station 1
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Snow depth(in) & Soil temp(C)
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Relative Growth Rate (% yr 1)
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Extreme Events



“The Ice Storm” of 1998

°Jan 4 — 10, 1998

*Northeastern US and
southeastern Canada

*> 100,000 km? (40,000
mi?)

e7.8-13cm (3.1-5.1in)
ice

*~ S3 Billion
*44 fatalities
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W5 ~ 15y - stems flexible, too small to tip up root systems

W4 ~ 25y - stems less flexible, break or permanently bend, large enough to tip up
collateral damage with big stems taking down other trees downslope

W1, W6 ~ mature- damage mostly from downed branches, less collateral damage
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Increase Soil Frost
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Climate Change Across Seasons Experiment (CCASE)

14 X 11m? plots

e 2 plots:

reference

at Hubbard Brook

e 2 plots: soils warmed 5°C in growing season

e 2 plots: soils warmed 5°C in growing season and
snow removed in winter to induce soil freeze/thaw cycles

PLOT 1
CONTROL

PLOT 4
Soill warming In growing season

PLOT 2
CONTROL

SHED

PLOT 6
Soil warrming 1n growing season
and soll freezing 1n winter

PLOTS

Soil warming in growing season
and soll freezing In winter

PLOT 3

Soil warming in growing season




Shoveled CCASE plot

Pam Templer
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IR image of soil warming at CCASE- Mary Martin
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PnET-BGC — Forest biogeochemical model

Wet Dry
Deposition Deposition

PnET '

Climatic Data
Solar radiation

*Precipitation
Water balance

Photosynthesis Temperature
Living biomass
Litterfall

| Atmospheric Chemistry
Net Mineralization ‘ ' Carbon dioxide

Liftaké‘ Ozone

BGC

+ Aqueous reactions

+ Surface reactions
+  Cation exchang
«  Adsorption
*  Humic binding
*  Aluminum

dissolution/precipitation B — S
;|: Weathering Deep water flow Aqueous reactions
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Vertical Grid
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Physical Processes in a Model
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« HadCM3: The United Kingdom Meteorological Office’s Hadley Centre
Climate Model, version 3,

« GEDL CM2.1: The U.S. National Oceanic and Atmospheric
Administration’s Geophysical Fluid Dynamics Laboratory, and

« PCM: The National Center for Atmospheric Research’s Parallel Climate
Model.

Downscaling methods:

- Dynamical: e.g. Regional Climate Model (RCM).

« Statistical (SD): Use statistical relationships (usually some form of regression
equation):

« Gridded Quantile Mapping: Bias Correction-Spatial Disaggregation (BCSD)
« Station-based Daily Asynchronous Regression




Time Series HadGEM2-RCP8.5
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Scaling Environmental Studies

Laboratory
Mesocosms/Small Plot
Small Watershed
Medium Watershed
Large Basin

Regional Surveys

National/Continental
Assessments

Global Analysis

Manipulation

LTM

CSS, Paleo

Isotopes

Modeling




* The small watershed approach is an effective tool to investigate
biogeochemical processes, although it has limitations.

* Long-term measurements and experiments provide insight on
ecosystem function, and are useful for testing models and generating
hypotheses.

* Clear patterns of increases in air temperature and precipitation, and
decreases in precipitation occurring as snow and snowpack
accumulation are consistent with regional observations and future
climate projections.

* Changing climate in the northern forest is manifested through
increases in annual discharge and its timing, changes in species and
maybe changes in nutrient dynamics.



[ {0

™ M

0 o il

72



- 'v.~ Ly "‘..

http://www.ltern

——

et.edu

73



