Carbon Balance in the Rocky Mountains: Integrating multi-scale information to develop process based understanding of

regional carbon fluxes.
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1. Direct Measurements on multiple scales
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ACME: airbomme Carbon i
the Mountaing Experiment.
This & the first atempt to
measune carbon exchange in
mountainous lemmain  using
airborme techniques. AGME
avaluates the usa of budged,
profiing, flus amd multiple
fracar (1356, 14C})
approaches.

Rocky RACCOON

Ragional Atmosphenc Contnugus GOy
Mebwodk in ihe Rocky Mountams

We have deployed ihree (Automated
Inexpensive Robust CO, Analyzers) AIRCOAS
(1) &t Mwot Ridge, abowe trea line, (2) al the
Slorm Feak Lab a1 the top of Steamboad
Mounlain ski area In Morthwestarn Colorads,
and (3} al tha base of the USFS Forest

Tower eddy

covariance array

The aray consists of lower
sides  throughoul the  From
Range of the Rocky Mountans.
These sites provide direc
estimates of Met Ecosysiem
Exchange (MEE) at high
temparal resolution.  Thess
measuraments  inform  our
understanding of the temporal
contrels of MEE frem minudes
be years, They alss provide
direct inputs to the SIPHNET
madal which aliows us o da-
convolee the fluxes inbta their
COMmpanants.

2. Integration using data assimilation

GOy measwaments will be combined using regional and lecal datla assimilation
methods using the RAMS and SIPNET medels, incorporating lopolegy,
vagalalion cover and high resolubon weather data 1o produce lop down and
baitorm up estimates of nel carbon uptake and release in the Rocky Mountains.,

BAMS we use tw Regonal Atmosphaenc Modeling Sysiem (FLAMS] b integrate the air
IrmnEport and mixing procesies which afec the apaiial disibubion of SO, We uis Bha olar

continuows data from Rocky RACCOMN and tower experiments 1o inform the model  The
mcadels gid sveraged suface Bux can be coampaned b Sa ACME Sighl resubts
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Project overview

Baun_rn—-u.:l
Flipgusnal
Fhuizes

SIPNET The savpie Photosynihesis EvapoTranspiraton (SIPNET) model i based on e
PRET Tamaly of models developed by Abar ab al. W usae SIPNET with hall-daidy daytms and
nightlime ime steps. in each slep, eighl cimate varables drive e flux dynamics: (1) avenge
ar Eemperature, (] average sol lempembare. (3 precipilaton, (4) Mus density of
photcaynihescally-acive radintion, (5) atmoaphedc vapes predsune, (6] stmosphans vapor
pressurs dedicil, (T) vapor pressune dehict babwsen i 50il and the Almcsphang and (B) wind
speed

- SIPNET uses Melropols smulsted anssabng aigodithim b fAnd Both The engle Besd
paraemled S and an ashmale of thiy pabenor degirbsnicn of e paramalses
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- SIPMET can use CO, andics H,0 Muxes i the cpfmizabon Vima "
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3. Findings and future directions

Progress so far

By assimilating the carbon flukes measured ai the Nivol Ridge Mux sfte n CO, we
wene successhul in separaling Gross Ecosystem Exchange (GEE) and ecosysbem
respiralion (Hg), bul less suecesshul in accurately padilioning R info il
autolrophic and hetarclrophic components (Sacks o1 al 2008). Our growps have
found that predicling the carbon balance in and montane forests hinges on the
undarstanding of fundamental physiological processes duning a criical peried of
snow mell in early spang. We found that longer growing seasons Gt Miwot Ridge
wene comelated wilh 235 net annual OO0, uptake, possibly because of a decrease
of available snow-melt water during the late springtime photosynthets: pemod. We
aiso found strong evidence for non-arhanius temparature controls of respiration
caused by changes in the microbial populaton (Monson at al. 2006)

Samulations of the ACME semi-Lagrangian budget technique wusing the RAMS
moded wara dona comparing flux estimales over aclual Rocky Mountaing with
idaalized simple tarrain. These simulations showed that fuxes may be retneved
very accurately over idealized temrain, and that flux estimates over real mountains
converge bo maan tower based astimate.

Further integration

We plan 1o delermine a regional ‘Baliom up’ estimate of NEE based on a spatially
explicit version of the SIPNET model which can be sompared wil a “lop down’
feginnal egirmale demded Inom I:i:lll"lﬁl'lil‘lg FAMS, lower Ecl:. mEauramants and

ACME flight data

We hope thal integrating phenclogy of gross prmany productivity exiracted from
satellite data with process level idormation denved from ground measuremenls

and models eptimized using dala assimiabon will lead 1o a greater prediclive
understand of carbon batancs in maunlain reaqions.
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