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Introduction
T o B o Ecological Significance of the Freeze/Thaw State Variable Developing Freeze/Thaw Time Series

occurs each year over more than 50 million km? of the global biosphere, affecting surface
hydrology and ecological trace gas dynamics profoundly. Satellite microwave remote
sensing can detect large changes in landscape dielectric properties between frozen and The ecological significance of the F/T signal from satellite microwave remote sensing is well established and coincides with arrival Common approaches to classifying landscape F/T state from satellite microwave remote sensing involve temporal
non-frozen conditions. We are constructing an Earth System Data Record (ESDR) of seasonal snow cover in the fall; seasonal snowmelt and the new release of water in the landscape in the spring; seasonal shifts change detection schemes applied to time-series radar backscatter or radiometric brightness temperatures (4). These
quantifying freeze thaw (F/T) dynamics for the global vegetated land surface. The F/T in the ratio of sensible and latent energy exchange, and the onset and duration of annual growing seasons. The Figure below (left) techniques identify F/T transition sequences by exploiting the large and dynamic temporal response of backscatter or
ESDR (F/T-ESDR) involves multi-frequency satellite passive/active microwave remote shows the SSM/ derived spring thaw trend for the pan-Arctic basin and Alaska, excluding non-vegetated areas (in grey). The brightness temperature to differences in the aggregate landscape dielectric constant that occur as the landscape
sensing time series spanning multiple missions and sensors, including SMMR, SSM/, timing of spring thaw is occurring earlier (P<0.03), on average, over the 14 yr record, with a stronger regional advance for North transitions between predominantly frozen and non-frozen conditions. Several approaches have been applied for F/T
AMSR-E, and SeaWinds. These records provide a contiguous global time series extending America relative to Eurasia (top right). The thaw signal coincides with growing season onset and the timing of the spring drawdown classification of satellite microwave remote sensing time series, including: seasonal threshold approaches that classify
from 1979 onward with some overlap between missions. We employ a temporal change and annual minimum of atmospheric CO, as reported by NOAA northern (>50°N) CO, monitoring stations (top right), where time series remote sensing signatures relative to a seasonal reference state or states; Moving window techniques that
detection analysis of daily backscatter and brightness temperature fime series to map F/T negative anomalies denote both earlier thaws and stronger net annual uptake of aimospheric CO,. Strong influence of growing classify F/T transitions based on changes in the radiometric signature relative to temporally averaged conditions within a
changes associated with temporal shifts in landscape dielectric properties between season onset on northern vegetation produ_cnvlly is also indicated by_lhe corr_espondence between SSMA based spring thaw timing moving window of specified duration; temporal edge detection techniques that classify F/T transitions by identifying
predominantly frozen and non-frozen conditions. We employ empirical methods and radar a:d mean anr‘ual‘lr\:PP‘(low:r Ieﬂ)f:nddr?ai()lmum a_nm:ia_l LAl (flow‘el;lr'lghlz) derlvzd from‘lr;_e NOAA AVHR': rec(_)‘rd for Aéazk_a:‘The predominant step-edges in time series remote sensing data. The Figure below shows the annual time series of growing
backscatter and microwave emissions models for merging overlapping sensor time series ‘a vzncfl:g SPI;I:Q Ia;{\; ':" \;vazs T:" F/?I' EeSaIZ)rlgaJt?I: rlxer o s:n? Ile o_rser‘\_/e vegetation gJee):ln%?:. posi '\;e ’I’rg :: ivity season initiation for the Pan-Arctic basin and Alaska derived from a temporal edge detection classification of

into well calibrated F/T time series. The F/T state variable provides a surrogate measure of r;ir:es(haanz%- e;r:sa itudes (1,2). The F/T- will enhance F/T classification accuracy and extend this record globally over SSM daily time series brightness temperatures (1). The F/T ESDR includes similar algorithms and information, as well
water mobility in the landscape useful for analyzing cold temperature constraints for a years. as annual frozen and non-frozen periods and daily frozen and non-frozen area maps.

range of biological and hydrologic processes, including photosynthesis and vegetation
growing seasons, snowmelt and soil thaw, and recent global warming related impacts on
these processes. The F/T-ESDRis being used to refine sensor configuration and accuracy
requirements for future F/T measurements from the NASA Soil Moisture Active-Passive
(SMAP) mission. Initial F/T-ESDR resulls are available online (http:/Avww.ntsg.umt.edu) Thaw Trend SSMI Regional Thaw Trends S Thaw Date ve pan osphere
while further processing will continue through 2012. This work is supported by NASA (SSMIL; 1988-2001) o N 2
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Global Data Sets: Active and Passive Sensors

Assembly of the FT-ESDR involves integrating multiple overlapping global time series data
from satellite active and passive microwave sensors (see Table below). Complementary
global data series for detecting F/T spatial and temporal dynamics include daily radar
backscatter measurements from the SeaWinds scatterometer on QuikSCAT (lower left) and
multi-frequency brightness temperatures from AMSR-E on Aqua (lower right). Spatial and 18 SSM/I Thaw vs AVHRR Mean annual NPP and Max. Annual LAI for Alaska and NW Canada
temporal integration of these data include processing of individual sensor data streams into ‘5 o
distinct global data records; formatting of these data into a consistent geographic grid; ¢ Thawdate vs NPP (r=-0.657, P = 00002) [Thavdate v& LAl [r = 0.687; P = 0.009)
statistical analyses and microwave backscatter and emissions modeling of overlapping o
sensor F/T data series and adjustment and integration of the data into spatially contiguous 5
and temporally consistent time series F/T records. nﬁ\ f\
Remote sensing data sources enlisted in the F/T ESDR W N
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SeaWinds QuikSCAT June 1999— 134 GHz; 25:37 km resolution
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Radometer posent 107,230,355 860 cre Accuracy Assessment and Data Distribution
27x16, 3118, 1448, Bvd ki
gg\d‘ingi}g? 5 d;aveems ) y 3 . ) ’ " Expected end uses for the F/T-ESDR include regional detection and monitoring of climate change and associated
Coverage: Mo days near- The basis for the satellite F/T measurement is the mapping of spatial and temporal dynamics of land surface F/T state fransitions impacts to ecosystem processes. The F/T status of the aggregate vegetation-soil layer will be determined with sufficient
global for regions of the globe where cold temperatures are limiting to biological processes. The Figure below shows the global pattern of accuracy and precision to characterize the low-temperature constraint on NPP and surface-atmosphere CO, exchange.
SsMi Defense iy, Frequencies: 193,222,370 cold temperature constraints to vegetation gross primary production (GPP) as derived from the EOS MODIS MOD17 Production The spatial scale and temporal fidelity of the F/T measurement will be sufficient to resolve the major weather and
Radiometer | Meteorological 198710 855 GHz e Efficiency Model (3). Low temperatures constrain vegetation productivity over approximately 65 percent of the global vegetated physiographic elements influencing the surface energy budget and associated F/T heterogeneity. Documentation of F/T
(SDa;:g\g Program  present ?;ﬁé‘f‘w‘%’ﬁjgrx:ﬁﬁmm‘ land area. The F/T-ESDR will characterize spatial and temporal dynamics of land surface F/T state transitions for regions of the accuracy involves pixel-point comparisons between F/T time series and global daily surface weather station observations
platforrns Incince andle: 531 degrees globe where cold temperatures are limiting to biological processes. from up to 5600 mid to high latitude locations (5, 6). Data archives from intensive field campaigns including FLUXNET,
e ion e NASA BigFoot, NACP, BOREAS and MODLAND provide relatively robust, but less frequent and spatially extensive
Swath: 1400 km g 3 g
Coverage: two days near- . i information for F/T validation. Station network variables used for validation include air and soil temperatures, snow depth
S g Teiobar 5, g‘vthz‘enmes EB 107 18,21, Global Extent of Cold Temperature Constraints To MODIS Annual Productivity and wal_er equival_enc_e, vegetation sap_ﬂoyv, CO, and energy fluxes. The FT-ES_DR records and _ass_ociale_d metadata will
Radiometer 1976 to 7 GHz, be archived and distributed to the public via Internet transfer through the Numerical Terradynamic Simulation Group
fugust 20, ?;fﬂ“‘g%’gtﬂgﬁéaj“ﬁg 3 & P - ESIP Il facility (hitp:/Avww esipfed orgfederation/partners.php#type-ii ) and an appropriate NASA DAAC. Descriptions of
Incidence angle: 503 degrees. ! - of . all F/T-ESDR products and associated services will also be provided through the NASA Global Change Master Directory
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