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ABSTRACT @ Approach (4 ) Observations

The Eurasian arctic drainage is a vast area that constitutes over 10 percent of the global land mass. . . Remotely-Sensed Data
Much of this region is either boreal forest or tundra, both of which are fragile ecosystems that have undergone Test and Evaluate New VIC Lake and Wetland and Permafrost Dynamics Model * JERS-1 Synthetic Aperture Radar (SAR): an L-

considerable Change over the last half Century_ The presence of permafrost and modest relief impedes the e USe a hlgh resolution SAR data (prlmarlly from \]ERS) In combination with in situ data band (12 GHZ) HH-pOIarization Imaglng radar
subsurface drainage of water and makes lakes and wetlands a dominant feature throughout the region_ Most prOVided by Russian CO”eagueS Sperankaya and Tsytsenko at the Russian State HydrOIOQical that was Opera’IEd by the National Space
global carbon budgets have concluded that the boreal forest portion of the region is a net sink of as much as Institute (St. Petersburg), and Kozlov and Bochkarev at the Moscow State University Development Agency of Japan (NASDA)

e L-band: useful for identification of inundated

0.5 Pgl/year of carbon, while the tundra area is nearly in balance. However, these estimates may be : : :
Run New VIC linked with BETHY and a Lake and Wetland Methane Model areas with partial vegetation cover because the

considerably in error, as they account at best approximately for the contribution of methane emissions from

wetlands. Methane emissions are sensitive to temperature, which has shown marked increases over the last « carried out by MPI collaborators Schnur and Knorr; testing of the carbon and methane long wavelength allows vegetation penetration  Rege
half century, and is projected to continue to warm as the global climate changes. Furthermore, while the extent models performed with respect to large area estimates of carbon production and sequestration * sun-synchronous polar orbit with 44-day repeat ¥w
of wetlands within the region may be increasing, most estimates are based on coarse resolution (typically 1 performed via a combination of extrapolation of direct measurements, inverse modeling Cy(;:e and a f|’>5 d_egrei IECIdengel an%I_?_ ;
i i i : "minoritv” - - » allows evaluation of the models ability to
km) satellite data, W_hlch tend to lead to substantial underestimates (by factors of two or more) of "minority methods, and other modeling studies dict s | variations i land Figure 6: JERS-1 L-band Synthetic Aperture Radar mosaics of eastern and western
. L. . ' : : : : - urasia. These products were created as part of the Global Boreal Forest Mappin
This |nv_est|gat|on will ad_dress the overarching science question: How have changes in lake and . Reconstruction and Prediction of Terrestrial Carbon and Methane Balances gl\;‘: ;tégge geographic areas for the current (GBFM) Proje Cf (DeGrandi et al. 2003). pTh e mosaics were assembled from gﬁ\Rg
2 _ _ el /U0 el y? interpret how these balances might change over the next century America components of GBEM spatial _resolutlon prowdes the best available data on lake and wetland extent over
employ high resolution SAR data in combination with in situ data to test and evaluate new lake and wetland, P the entire study region.

unclassified

In Situ Data

and permafrost dynamics models within the Variable Infiltration Capacity (VIC) macroscale hydrology model. Modeling Construct
37 9 _
1. dynamics of open water surface area, and

The VIC model will be linked with a dynamic terrestrial carbon model, and with a lake and wetland methane Land Surface Hydrology Model

Variable Infiltration Capacity (VIC)

model. Evaluation of the carbon and methane models will be performed with respect to large area estimates of Macroscale Hydrologic Model 2 * Variable Infiltration Capacity
- - S - - - TEW I Runoff__, - forest and bog areas collected over European
carbon production and sequestration based on a combination of extrapolation of direct measurements, inverse Grid Gl Vegatation Coveraga wi~ | 7 (VIC) Model (Liang et al. 1994 _
: : : : : Call Energy and Moisture Fluxes 2 Russia from the 1950s through the 1990s:
modeling methods, and other modeling studies. Using the extended VIC construct, we will attempt to " e water and energy balance closure t ] ation data sets based '
- - - c c c (]
reconstruct the time history of terrestrial carbon and methane balances over the arctic Eurasia drainage, and, e macroscale » Water and vegetation tdata sets based on
: - : - - - e Inventories performed every 3 to 5 years:
using a range of climate scenarios, to interpret how these balances might change over the next century. o spatially-distributed ) _ _
R t | « land cover classification sub-grid archived at the Russian State Hydrological
B _ «~ variability Institute (SHI)
1 Studv Region: % e recent additions for cold land -Iquantlttatlve ass_(is;rlnepts E?I Ian(_jscape_th
y Region: | N | i orocesses (Cherkauer et al. 2003) elements are available for 54 regions wi
 Region of Eurasia draining to Arctic Ocean Facional e « implemented in arctic regions by areas from 3900 to 161,000 km?
* 15 million km? Basefiow Curve Bowling et al. (2000) and 2. monthly evaporation from selected open
» Boreal forest: ~50%, tundra: ~15% < Figure 3: VIC overview and : | water and soil surfaces during the warm
i A the VIC lake and wetland Bowling et al. (2003)
 Wetland extent: ~40% (uncertain) ig _ _ « energy balance of lake months:
Primary Question: = —ww—w | AlgOrithm schematic. | Wi weighing lysimeter data available at 60 sites;
How have changes in lake and wetland extent in | component builds on work of Hostetler and Bartlien . =i Danevaporation observations available at 103
northern Eurasia over the last half-century affected the . o (1990) and Hostetler (1991) wm - Sites; soll moisture and temperature data also
region’s carbon balance, and how are changes in lakes i eeram L vie | ety — available
and wetlands over the region likely to affect its carbon : | Atmosphere [ < & >y | ‘]iB_ACS'__I Frc?m_eworka_ Here A " Figure 7: Continental scale classification of the JERS mosaic for the eastern part | 3. tower flux and related observations:
balance over the next century? | AmDymmics [} o oo | [ Photo- L oint sSimulation ot Biospnere Atmospnere of Eurasia. « Central Forest Biosphere Reserve (CFBR)
Topics to be Investigated: T Scheme | | syath. PEE?_ wson . Ccoupling in Hamburg . . - .
« areas affected by changes in lakes and wetlands PI& remp. | | Resp. | ° FEPresents feedbacks between the physical climate @ Strategy for Constructing Carbon and @ Outline of Tasks
si| Soil water - t & wat 3 .
R T R extents (past, present, future) e R;; cmoted) | S0 |2 system and land surface processes Methane Balances Task 1: Model improvements.
. — - g | Slows |5 _ _
Shrablands Savanmas/Grassknds  « Weflands » effects of tundra changes (e.g. permafrost) on N Hard L acks | H modular framework: allows components of land Retrospective Reconstruction of Regional Carbon Balance Task 1a. VIC Lake and Wetlands model extensions.
ocr - wetland dynamics and carbon balance (" imate | - >« |1 sUrface model to be run offline (this project) or : - Task 1b. Methane model extensions
oplands/Urban ® Barren/Sparse Veg, Snow/Tce y : \ chmate / 3 > i ] e F ” d l d l t d test l k d . .
- R’ 28 © onlin ollowing model development and testing, lake an ) .
® Open Water ° ab|l|ty of current sensors (MODIS, SAR) to S R YT ey T o Of Ine wetland extent and associated carbon and methane fluxes Task 1c. Integratlon of VIC in MPI VIC/BETHY/LPJ
. . Y - . ahili - MARERG « fast vegetation processes: BETHY
Figure 1: Study domain — that part of Eurasia draining detect c_:hanges In wetland extent; ability of high searved ey timespofpren_ dowiam o SlOW vg otati onp rocesses: LP] will be reconstructed framework. _
to the Arctic Ocean is shown with AVHRR-derived land resolution SAR prOdUCtS be used to extend the climate e ————— ) g ] P ] ] o period. 1950 to 2000 USing g“dded hydrO|OgiC forcing Task 2: Data preparatlon and analyS|S.
cover from Belward (1996). Note that this relativel rapid t cycle of | luti ducts lik Fi 4: JSBACH schematic. For thi » combination of land surface, photosynthesis and ' Y : Task 2a. In situ data
coarse resolution product tends to underestimate MODIS to provide information about seasonal and proposal, we will focus on off-line plant respiration schemes (VIC+BETHY) forms « half degree to one degree spatial resolution Task 2b. Satellite data.
wetland and open water extent severely. interannual variations in lake and wetland extent Implementation (linkages within green the baS'C_JSBA(?H !nterface, LPJ des_crlbes slow « work with Russian collaborators to assemble additional Task 3: Model testing and evaluation.
o Motivation: dashed line), and will add the Walteretal. | changes in the distribution of vegetation data over the region that can be used to assess the model Task 4: Retrospective reconstruction of regional carbon
f o o v | Figure 2: Changes » Eurasia particularly susceptible to global %Hf tmfderll’d";’hrfh ‘;V't”:'nkn";'E'PtJhe \i/IIC soill| @ > : Frd sredictions balance.
P 0 8 | IN land cover in the warming: fragile ecosystem re(s)psirl;t?o?] mo?jelze ature, a >0 : | T dirtuion Task 5: 215t century regional scenario analysis.
32 e 3000 & VOlga and Don - - - - Al - : : i :
B R g | V- _ « shifts in controlling factors: climate, fire | g : { : - -
35-, % 70 : i R|Ver baSInS- The - g Methane MOdel : Q- : fobal nain seis: -.hll 218 Century Reglonal Scenarlo AnalySIS sgvl\jaEr(?iNSCEdS 1996. The IGBP-DIS global 1 km land cover data set (DISCover)-proposal and implementation plans: IGBP-DIS
E E - : dominant Change iS frequency’ IOgg'”g, Water management’ o 1 I : I|ﬂ'l“-;l'.r:"l::- Prededed : + [l Lol did i 11 fS- * downscale SeleCted GCM runs arChlved by the IPCC USIng B:)N?'rrl\(ingLnge[r)EOi_i?t,e;\rr(r)l:!zlrjzer,\dFI;anell\Aealtr?é ssen, 2000. Hydroclimatology of the Arctic drainage basin, in The freshwater budget of
g iz_ g I i ° ObserVEd Changes to Iand Surface States and * Walter and Helmann (2000) Wlth : S ‘d— I:l-:""'l.T.n-.;.:I robablllt ma |n dOWﬂSC&“ﬂ mEthOdS Slml|al‘ to those theA?tl:ticlogeaﬁ, EL Lewis et al. (ed.s),. KluwelrJAca,demic.Pu)tl)Iishers, The ﬂI);therlands, 57-90. ’ , -
§ " o an Increase In Open fluxes Wetland boreal forest and ermafrOSt mOdIfICatIOFIS deSCrIbEd In Walter et al : dralog : + reeling degih {neoot) p j y pp g g Bc(;wlireg, Ilz.(j.hp.PethzttinmaliDezr,LBhNijssen),(LI.vFI’. Gsra&arrl], D.B. CIIDar:\(/,| Mi.(Elg/IaNayar, R. Escs;erly\ll,_S.F?oSers, YiM.GlﬁeI;/, thaE_ets,lE. van
E’ o — _ ; . . . . 0 Wa'ter eXtent . . _I’:I . . p I - (200 1a ) : o : * Sall dapi (i) descrlbed In WOOd et al (2004) Tzr:(at:,rD,. Velrrs];zgﬁy, I?’.Ei?{_ter.bo,oYr.ng(l}g,’_Y..Xut aﬁdz$2?1r;a’2063.%?mou’Iationasgﬂ?g\]lr?:latftuc;:’prbc:sr::seiis?r?é Tc.)rrlle-Kr:ﬁxIE;sir.]:
o e e e e =% (apparently extents, streamflow; snow cover; snowmelt, ice . . 5 L e e « use either new model runs for the UPCOMING IPCC rEPOMt | | ol A e e e e a1 S Lo ode Uptes
0 i o breakup, ... * soil methane production, and transport of N AN J . . . . Global and Planetary Change, 36, 151-159, 2003, |
% \ f\ o prlmarlly due to ] ! ] ] ] th b dff . b ”t d th h ------------------------------------ or those used N preV|OUS StUdleS’ eg Para”el Cllmate Christensen, N.S., Wood, A.W., Voisin, N., Lettenmaier, D.P. and R.N. Palmer, 2004. Effects of climate change on the hydrology and water
I. ¥ o0 g dam COHS’[I‘UCtion); ¢ Importance Of Iakes to the Cllmate Of hlgh IatItUde me ane y I USIOn’ e u I IOFI, an roug . . M d I Ch I I 2004 Dgeéorl;l%? gf.,ﬂlle.},S\grllzrr?jc,icl);ell\\/llirllli?:z?g: eca:r:(ljm\?“;zijr;?;jgzeogé?riz-?fBiM radar mosaic of the Eurasian taiga: A groundwork for the bio-
s N/ e g . . . . . -~ Figure 5: Methane model of Walter et al (2001a). odel runs (e.g. Christensen et al, ) - e - - e :
c o5 T e P e 500 L . .I: h h I d pl ants modeled eXp||C|t|y g physical characterization of an ecosystem with relevance to global change studies, Proc. IGARSS 2003, Toulouse, France.
g 7 \ / .................................. ﬁ Slmllar data fO-r the reglons1 Importance O Ig atltu e ECOSyStemS In ] . . The mOdel iS forced by SOil temperature and water ° purpose Wl” be to eXplore’ |n Carefu”y Controlled and blaS' GE/Ilui:Jev, \I/.a.,dN.,T. ipg;agzkaya, and K.V. Tsytsenko, 2003. Total evaporation within the Volga River Basin and its variability, Russian
% E S - 40 ‘ﬁ Sevemaya DVIna Uptake Of greenhouse gaSES and terreStrlal Cal‘bon * methane prOdUCtlon OCCUrs In the anoxic : : : : : 141 Hos(taetelc;:,osl.V\y. ;r?d.,P.j.B;rtléin, 1990. Simulation of lake evaporation with application to modeling lake level variations of Harney-Malheur
 § — - - : table depth (which will come from the extended VIC corrected simulations of the range of climate conditions e G e e R, 5, OB
2045 : Don River Basin |- 300+ and Zapadnaya Stora e SOII bOttom Of the SOII COIumn to the Water p - - - g Hostetler Sg\N'1991 Simulation of lake ice and its effects on the late-Pleistocene evaporation rate of Lake Lahontan, Climate Dynamics 6
it _I ? | Dvina basins sh oo model) and NPP (which will come from the BETHY predicted for the next century, the net carbon balance of the was o p  Climate Dynamics &
g 10 200 % Iit\{llgz.ucaﬁl:ﬁai OeW Y hyd rologlc eﬁ:eCtS Of Iakes are Iargely neglected table . . and LPJ mOdelS). ln Waltel‘ et al (20001a, b) glObal reg|on Lﬁﬂi&?&é%;ﬁfﬁ?n&f&yiFfé:\,/gg?'lifflglfai;ges' 1994. A Simple hydrologically-based model of land surface water and energy
o | o ESENCENYS | inmost land surface models * methane production rate controlled by soil | wetland extent was prescribed, however in this work e e g e e e e e ST o s
g’ 10940 e 200% al (2003) ° Wetl an d eXtent un Certaln tem pera‘[ure and NPP . . |t W|“ be predicted by the VIC l ake and Wetl andS WraelstﬁlrtsBJPG Z/é.plr—]ljgnsgg, fgg g;l!\{lg;tgi\rxlzs(,)gOOla Modeli-ng modern methane emi.ssi-ons from natural wetlands 1. Model descrlptl-on-and
e ‘Esere IIIIIIIII e . . poor State Of knowledge Of Carbon balance |n ° tlme EVO|U'[IOFI Of SOII tem perature Wl” mOdel. Wfsl)t8e2r§33PJ I\éle(l)—:)ﬂ)r:;arereaqgézxgtét;ivgzZzloé)lb Mo-delmg modern meth-an-e em-lssrons from natural wetlands-z.-lnterannual variations
= Nor thern EuraS|a COm e from VIC W;;)Vehggl\i/r.{gzﬁelee:eug%d\; ilrjrc:)rl\legagﬁnl?alzc Ieert]fgg;ag;r,, fé)sg;.lléllydrologw implications of dynamical and statistical approaches to
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