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Overall Objective

Investigating the interactions between
biogeophysical and biogeochemical
processes in the Northern high

latitudes using ISAM land surface
model

— how biogeochemistry (carbon and nitrogen
dynamics) responds to improved
biogeophysics (hydrology and energy) in the
Northern high latitudes.



ISAM Land Surface Model

Gross Primary Productivit - BiogeOChemical Processes
= Coupled C and N dynamics (Jain et

" — g al.,, 2009)

= Comprehensive above and below

| ground litter and SOM
decompositions (Yang et al., 2009)
e TS « | and Cover and Land Use Change,
including secondary forest dynamics

(Yang et al., 2010)
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Model spatial and temporal = Originally, soil hydrology adapted
resolution from the NCAR CLM3.5

= Spatial Resolution:0.5°x0.5° P
= Biogeophysics Time step: 30 = Many Further modifications in

minutes biogeophysics, including recent
» Biogeochemistry Time step: 1 advances in vegetation, soil, snow
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Modeling Strategy

» Integrated recent improvements in canopsy, soil/snow, and
carbon-nitrogen cycle processes in the ISAM

* Evaluate the model processes with several data sets

Biogeophysics
— site level FLUXNET eddy-covariance data: Baldocchi et al. (2001)
— globally upscaled FLUXNET data: Beer et al. (2010), Jung et al. (2011)
— GRDC Runoff: Fekete et al. (2002)
— permafrost extent: Brown et al. (2002)

Biogeochemistry
— Harmonized World Soil Database (HWSD): (FAO/ITASA/JRC, 2012)
— Northern Circumpolar Soil Carbon database: Tarnocar et al. (2009)

— Long-Term Intersite Decomposition Experiment Team (LIDET) plant
litter data : LIDET (1995)



Improving the Representation of Soil
& Snow Thermal Processes in ISAM

1. Processes impacting soil thermal conductivity & heat capacity

a. soil organic carbon

b. representation of deep soils /[Lawrence and Slater (2008): CLM]

2. Processes impacting snow thermal regime
a. melting
b. thermal ageing
c. weight compaction of snow
d. wind compaction of snow [Schaefer et al. (2009): SIB-CASA]
e. depth hoar (DH) development [Schaefer et al. (2009): SIB-CASA]

3. Most models have not accounted for wind compaction of snow &

depth hoar development, which are thought to be very important
for the NHL



Incorporation of Newer Datasets

Soil organic Carbon dataset

HWSD Organic Carbon @ 1m Soil CLM Organic Carbon @ 1m Soil




Wind (CRU_NCEP)

ISAM Estimated Wind
Compaction Effect on
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Barman et al. 2013c (to be sub.)



Implementation of Depth Hoar (DH)
Fraction and Depth in ISAM

Depth hoar formation (Tundra & Taiga)

Fraction of Snow depth Total Depth

S

0-1 m

Snow Classification ( turn et aI. 1995

Glacier Tundra Taiga  Maritime Ephemeral Prairie Alpine DO m i na"'ed in Taiga S now C I GSS

Barman et al. 2013c (to be sub.)



Improving the ISAM Using FLUXNET Data
.. a8

FLUXNET Sites Used In This Study

LBA-Km34 [Manaus KMM]. 0.
LBA-Km67 [Santarem KM67] [2003:2
LBA-Km83 [Santarem KM83] [2001-2
LBA-Rja [Reserva Jaru] [2000-,
LBA-Ban [Bananal Js}aﬂ‘dj'[ 4-2004}%
CA-Oas [South OldAspen] [1997-2004]

W US-Shd US-Syv [Sylvanfa-m&?srness_{ gaoz-zam;
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| Plant Functional Types

LBA-Pdg [Reserva Pe-de-Gigante] [2001-2003]

* Trop.BET (Tropical Broadleaf Evergreen Tree) CA-Let [Lethbridge] [1999-2004]
Trop.BDT (Tropical Broadleaf Deciduous Tree)
Temp.BDT (Temperate Broadleaf Deciduous Tree) LBA-Km&7
NET (Needieleaf Evergreen Tree)}
Savanna

Grass %
Shrub \ FLeae
Tundra LB Ang . AR
Pasture

; US-Shd [Shidler Tallgrass Prairie] [1998-1999]
,\ = A'Kma‘tgn.l(ma@ US-Var [Vaira Ranch] [2001-2004]
CA-Mer [Mer Bleue] [1999-2004]

=

US-Los [Lost Creek] [2001-2004]
US-SO2 [Sky Oaks Old] [1999-
US-Atq [Atqasuk] [2004-2004]
US-Brw [Barrow] [2001-2001)
LBA-Fns [Fazenda Nossa Senhora]

Spudqd PSR

A
LBA-Pdg
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Land-cover: January, 2004




Litter Decomposition Module -
Model Calibration and Evaluation Sites

> Litter C and N data from the &
LTER sites (Arctic and
Bonanza) were used to 7
calibrate/evaluate the ISAM | 8§

» above and below ground litter
decomposition rates and

> carbon release and N amount
remaining.




Observed and Modeled Mass of C Remaining
and N concentration of Decaying Leaf Litter

Bonanza Boreal
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Red Line: 1.97 % N & 10.8 % Lignin
Black Line: 0.38% N & 16.2% Lignin et al. (6BC. 2009)




Observed and Modeled Mass of C Remaining
and N concentration of Decaying Root Litter

Bonanza Boreal
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Red Line: 0.76% N & 16.1% Lignin
Black Line: 0.82% N & 34.9% Lignin Yang et al. (6BC, 2009)




Fraction of Initial litter N
Remaining as a Function of the

Leaf Litter Mass Remaining
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Fraction of Initial Litter N Remaining
as a function of Root Litter
Mass Remaining
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GPP, Energy and Water Fluxes:
ISAM Evaluation

ISAM simulations (1985 - 2010) using the CRU-NCEP reanalysis dataset;
land-cover and land-use change datasets from Meiyappan and Jain (2012)

GPP LE

(a) ISAM (b) FLUXNET_MTE (c) MODIS (a) ISAM (b) FLUXNET_MTE (c) MODIS

Total Runoff

(a) ISAM (b) GRDCCOMPOSITE (© GRDCWBM




Modeled vs. Measured Global Soil C

Modeled HWSD

1086 GtC




Modeled vs. Measured NHL Soil C
(Unit: Kg C/m?)

Modeled Tamoc/ et al
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ISAM Simulations

Sensitivity of four processes/variables

a. Deep soil representation
b. Soil organic carbon

c. Wind compaction of snow
d. Depth hoar formation

 Six model simulations:

. NEW: include all four processes (standard model version)

. OLD: exclude all four processes

NODS: only exclude deep soils from NEW

NOSQOC: only exclude soil organic carbon from soils from NEW
NOWS: only exclude no wind effects from NEW

NODH: only exclude depth hoar effects

. CRU _NCEP meteorology, HYDE land-cover
dataset: Meiyappan and Jain (2012)
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Permafrost Extent: Impact of
Added Model Processes

Permafrost (Intl Permafrost Association) ISAM Permafrost Extent

None Sporadic Isolated Discontinuous Continuous No permafrost In NEW+OLD Only in OLD Only in NEW

Area containing near-surface
permafrost (45 — 90°N)

Area ’ (million Km?2)
Containing |
Near Surface B | e Observations ~ 19.35
Permafrost [ e OLD ~ 15 million Km?

(45-90°N) e NEW ~ 18 million Km?



Permafrost Degradation: Impact o
Added Model Processes

(Trend: *Cidecade)
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Permafrost Degradation: Impact of
Added Model Processes

Air Temperature (45-90°N) (Trend: *C/decade)
T

I —@— CRU_NCEP (+0.39)

Area Containting Near-surface Permafrost (45-90°N)

— NEWCHUNCEP,HYDEU

OLDCRUNCEP HYDEC

Trend (Million-Km?/decade)

-0.32

Million-Km?




Impact of Added Processes on Permafrost
Soil Temperature & Hydrology
(model spun up for ~30,000 years)

Change in soil femperature (°C)

Deep Soils

Modifies the thermal dynamics in
the soil by changing the tem
gradient from top to bottom of
soils ; usually cool the lower soil
layers

Soil Organic Carbon

Impact the soil thermal
conductivity

Wind Compaction

Cooler Soil Temp due to more
efficient heat flow out of the soil in
winter

DH
Warmer soil temp because DH has
low thermal conductivity



Impacts of Biogeophysics Improvements on
Permafrost GPP, NPP, Soil C & N
(model spun up for ~30,000 years)

A GPP A NPP

A Soil Carbon A Soil Nitrogen

(A = New minus Old)



Comparison of ISAM Estimated Soil
Carbon With Datasets (HWSD & NCSCD)
and CMIP5 Models
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Modified based on Todd-Brown et al (2012)




Comparison of ISAM Estimated Soil
Carbon With Datasets (HWSD & NCSCD)
and CMIP5 Models

Include C & N Interactions
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Conclusions

« Improvements in biogeochemistry processes
alone do not help to improve the soil
biogeochemistry

« Improvements in soil data and biogeophysical
processes improve the characteristics of the
permafrost and soil biogeochemistry

e In-situ observational for the NHL are
infrequent/scarce, which hinders the model
evaluation process



Extra Slides



Impact on Soil Temperature & Hydrology
on GPP: Averaged Over 2000-2004

Change in soil temperature (°C) Change in GPP

A GPP [NEW .\ cep nvoec ~ OFPcruncer Hvoed!




Impact of Added Processes on Soil

Temperature & Hydrology : Averaged Over
2000-2004

Change in soil femperature (°C)

Deep Soils

Modifies the thermal dynamics in
the soil by changing the tem
gradient from top to bottom of
soils ; usually cool the lower soil
layers

Soil Organic Carbon

Impact the soil thermal
conductivity

Wind Compaction

Cooler Soil Temp due to more
efficient heat flow out of the soil in
winter

DH
Warmer soil temp because DH has
low thermal conductivity



Impacts of Biogeophysics Improvements on
Permafrost GPP
(model spun up for ~30,000 years)

Change in soil femperature (°C) Change in GPP

A GPP [NEW OLD

CRUNCEP_HYDEC ) CRUNCEP?HYDEC]

Change in soil liquid water content

fumetric Liquid Water yo oo, INEW g cen voec - O0chuncer_voec!
30-100cm
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Impacts of Biogeophysics Improvements on
Permafrost Soil C Accumulation
(model spun up for ~30000 years)

Change in mpera‘rure (°0) Change in Soil Carbon (NEW - OLD)

rature . [NEW,__

UNCER_HY

A Soil Carbon [NEW OLD

CRU NCEF’_HYDEC]

CRUNCEP_HYDEC ~

NEW - OLD = 70 G+C




Improving the ISAM Using FLUXNET Data

Gross Primary Production Viomaxzs 7 1(N): Maximum carboxylation capacity,

GPP (KgC/m2/yr) down-regulated by nitrogen
LBA-Km34 l . o r chax25 opt f(N) in ISAM consistent with observed
tz:::: estimates from the TRY database [Kattage at al.,

LBA-Rja :_::I 2009]

LBA-Ban

CA-Oas

NHL ecosystems:
US-Syv &,
Us-wer Qe = Implementation of low temperature stress on

CA-Gro

cA-0bs S e — GPP reduced winter GPP bias, and also allowing
caop| QO — for the use of V,, 5" f(N) consistent with

CA-Qfo
Trop.BET

US-Me3 : I Trop.EDT 0 bS ervations

I Temp.BDT
US-NR1

- savar = Temperate & boreal forests: radiation,

LBA-Pdg

Paste humidity & water-limited response to GPP

CA-Let

Us-Shd = Cold grasses & cold shrubs: water-stress

us-var

oA er related response to GPP (i.e., dependent on

US-Los

— precipitation, humidity, cold femperature)

Us-Atq

= Tundra: Temperature-limited response to GPP

US-Brw

LBA-Fns

Barman et al. 2013a (to be sub.)



Improving the ISAM Using FLUXNET Data
Latent Heat (LE) & Sensible Heat (H) fluxes

(b) LE (W/ma) (d) LEALE+H)
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L Grass
US-Me3 Shrub
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US-NR1 3 N Pasture

US-Ton
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CA-Let |
US-Shd
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CA-Mer
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US-Brw

LBA-Fns

Barman et al. 2013b (to be sub.)



A Permafrost Extent
Deep Soil Effect SOC Effect




Analysis of meteorology-driven model biases

Impact on Latent Heat (LE) & Sensible Heat (H) fluxes

(a) EBR (b) LE (Wa’rnz) (c) H (Wa’mg} (d) LE{LE+H)
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(EBR: Energy Balance Ratio) Barman et al. 2013b (to be sub.)

1. High energy/water flux biases observed using the NCAR-NCEP dataset; henceforth, the

CRU-NCEP dataset was chosen as the primary driver for the model simulations



Permafrost degradation: impact of dataset uncertainties

Air Temperature (45-90°N) (Trend: *C/decade)
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