Testing the Community Land Model (CLM 4.5) 13C isotope simulations for a subalpine forest at
Niwot Ridge, Colorado
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INTRODUCTION

Terrestrial biosphere models are an important tool to diagnose and predict land-atmosphere
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« Model version: CESM 1.2.1 (Dec. 2013) Compsets: 11850CLM45, 120TRCLM45
« Spinup phase: 1000 years accelerated decomposition mode, 1000 years normal mode,

atm. CO,=284.7 ppm, atm. 8*3C = -6 °/,, loop 1998-2007 local meteorology
 Transient phase: 1850-2007, loop 1998-2007 local meteorology, transient atm. CO,
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« CLM simulation with prognostic fire significantly underestimates GPP and ER. This is an w \ \ w . . . .
artifact of the underestimated biomass pools. (Figure 1) Removing fire improves
simulated carbon fluxes significantly.

The seasonal cycle of simulated GPP is captured well. The model incorrectly predicts
winter-time GPP. Observations suggest GPP does not start until spring thaw.

The model consistently underestimates the magnitude of the carbon sink as a result of
overestimated growing season respiration fluxes.

Years from start of spinup

* Fire influences vegetation within CLM by direct burning and by mortality in which dead
biomass Is transferred to the litter pool

« The original CESM 1.2.1 release did not calculate a 3C flux from the bulk carbon litter flux
from fire mortality (CNCIsoFluxMod.F90). This caused an artificial 13C enrichment of the
surviving vegetation pools (left figure)

« A code patch has been successfully tested (right figure) See: http://bugs.cqgd.ucar.edu/, Bug
2116. Artificial 3C enrichment of biomass pools has been eliminated.
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Simulation of 13C for biomass pools
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carbon is slightly depleted in 13C compared to observations.

e Currently the model assumes a constant atmospheric 6*3C = -6 °/_,, and only considers
photosynthetic fractionation.

All biomass pools experience a depletion in 63C during the transient phase (year 1850 and
on) as a result of increased photosynthetic discrimination from increasing atmospheric
CO,. Suess effect is not included here.
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« CLM simulation without prognostic fire is more accurate, but overestimates
biomass for most state variables

» The parameter controlling soil respiration rate with depth
(decomp_depth_efolding) was adjusted (0.5->20) to reduce soil depth and .
total soil carbon within observed bounds
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