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Studying Uncertainties in 
Climate‐Terrestrial Biogeochemical interactions
( in the Northern High Latitudes ) 
using a Flexible Earth System Modeling 
Framework



1. Intercomparison of terrestrial biogeophysics‐biogeochemistry coupling using multiple land surface

models, in an Earth System Modeling Framework:

Quantification of land surface – climate feedbacks, and uncertainty analysis

2. Coupling of the Integrated Science Assessment Model (ISAM) with NCAR’s Community Earth System

Model (CESM), the CESM‐ISAM

Identification & attribution of areas of major disagreement between CESM‐CLM and CESM‐ISAM;

Gain better understanding of the impact of alternative representations of terrestrial

biogeochemistry formulations in climate feedbacks

OBJECTIVES

THIS TALK

1. Comparison of Energy, Water and carbon fluxes between ISAM and CLM using the CESM framework:

Gross Primary Production

Latent Heat

Sensible Heat

2.Results of Improvement of ISAM using FLUXNET products

3. Preliminary Results of soil biogeochemistry spin‐up using ISAM



CESM‐ISAM COUPLING

1. ISAM coupled to the CESM 1.0.3 through the flux coupler; modification of build scripts to achieve flexile coupling

2. Coupling Spatial Resolution ~ 0.5x0.5 Degrees The new Trigrid feature allows different Land/Atmosphere/Ocean

grid resolutions

3. All existing configurations available as is; new configurations created specific to ISAM



Land Surface Model

Spatial Resolution:0.5ox0.5o

Biogeophysics Time step: 30 minutes

Biogeochemistry Timestep: 1 Week

Biogeochemical processes

Coupled Carbon-Nitrogen cycles,

Land Cover and Land Use Change

Secondary Forest Dynamics

Biogeophysical schemes:

Adapted from the CLM3.5/CLM4 and the CoLM

Further modifications in biogeophysics

CESM-ISAM:

Extends ISAM’s capabilities to study terrestrial

biogeophysics-biogeochemistry interactions and

associated regional and global climate feedbacks

INTEGRATED SCIENCE ASSESSMENT MODEL (ISAM)



OBSERVATIONAL CONSTRAINTS for LSM CALIBRATION/VALIDATION

[Beer et al., (2010)] GPP ~ 123 +/‐ 8 GtC/yr [Jung et al., (2011)] GPP, LE, H, NEE (1982‐2004)

[Bonan et al., (2011)] CLM4a GPP ~ 130 GtC/yr; CLM4 165 GtC/yr [1982‐2004]



IMPROVING ISAM – USING FLUXNET MTE

1. ISAM Photosynthesis & Stomatal conductance: Dai et al., 2004; Chen et al., 2010; Bonan et a al., 2011

2. Vcmax25
opt f(N) values in ISAM are same as recommended by Kattage at al., 2009 for tropical/temperate forests [Tropical

evergreen ~41; Tropical Deciduous ~ 58; Temperate Evergreen ~ 41; Temperate Deciduous ~ 58], Savanna ~ 70; Lower values

used for Boreal ~ 30, Tundra ~ 30, Crop ~ 35; Grassland ~ 40

3. Vcmax25
opt f(N) for ISAM forest ecosystems are in better agreement with Kattage et al., 2009 than CLM4a (Stronger N‐

limitation)



ISAM vs. CLM4a (Bonan et al., 2011) – COMPARISON OF ANNUAL GPP & LE

1. Both models overestimate GPP in

and significantly underestimate LE in

the Northern High latitudes, where

GPP‐LE coupling do not seem to be

as closely coupled (unlike other

ecosystems)

2. High concentration of SOM in the

CLM4/CLM4a soil dataset drier

surface and top soil layers

reduced plant water uptake, and

reduced soil evaporation

3. ISAM implements the new HWSD

SOM dataset, with lower carbon

concentration; yet the model

remains biased low for Northern

High Latitude ET; upland soil

hydrology the limitation?

4. ISAM misses the ET maxima at 20oN,

the 2005 Land cover data used has

very high crops/pastureland



ISAM ENERGY BALANCE by LATITUDE – A CLOSER LOOK

1. Energy Balance:

SABG + SABV + FRL – OLRG = LE (Latent) + H (Sensible) + snowmelt

1. ISAM also calibrated H (sensible Heat), besides GPP & LE

2. Achieved by reduction of Net Radiation absorbed by canopy (consistent

with FLUXNET estimates) modification of canopy optical properties

(Reflectance, Transmittance); Improved LE/H partitioning through

modification of Stomatal conductance & photosynthetic parameters

3. Prier to calibration, ISAM had very high H in the tropics due to high

canopy absorption (SABG) High Leaf Temperature High Leaf

Respiration Low NPP/GPP ratio



CLM4.5 ENERGY BALANCE (CLM4.5 Diagnostic Plots)

1. Higher Net Radiation at tropics Higher Sensible Heat (high leaf temperature, lower NPP/GPP ration due to

higher leaf growth and maintaince respiration)



OBSERVATIONAL ESTIMATES OF LSM HEAT FLUX  (Jimenez et al., 2011)



ISAM SOIL BIOGEOCHEMISTRY SPINUP  @ Weekly time‐step

1. Tarnocai et al., 2009

Northern High Latitudes ~ 495GtC in 0‐

1m soil; 1024 GtC in 0‐3m soil

2. HSWD Dataset ~ 900PgC in 0‐30cm, 2100

PgC in 0‐1 m soil

3. Significant uncertainties in the models

and also observational estimates



ISAM Estimated Northern High Latitude Soil Organic Carbon

ISAM

1. Biogeochemistry Yang et al., 2009; Jain

et al., 2009;

2. Phenology Arora & Boer, 2005

3. Limitations – Lack of Soil temperature &

Decomposition coupling; Pools not

resolved with depth; ….



1. The Integrated Science Assessment Model (ISAM) has been coupled with NCAR’s Community Earth

System Model (CESM) CESM‐ISAM

1. Here, we inter‐compared offline ISAM and CLM simulations to better understand the characteristics

of several Land atmosphere coupling fluxes

Areas of disagreement exist in biogeophysical and biogeochemical fluxes; however, the models are

consistent to be coupled/compared within the CESM framework

Biogeochemistry comparisons are preliminary, and needs to be compared more closely

3. Next, onto land‐atmosphere simulations …

CONCLUSIONS



ISAM LAND COVER (2005) used for Simulating 1982‐2004 Simulation


