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Baseline L3_F/T Product Summary 

Land Surface Freeze/Thaw State 
 

- Motivation/Objectives: Obtain measurements of binary F/T state in boreal 

(≥45N) zones with ≥80% spatial classification accuracy (baseline). Capture F/T 

constraints on boreal C fluxes consistent with tower flux measurements. 
 

- Approach: Apply time series L1 radar backscatter to derive surface freeze-thaw 

state 
 

-  Inputs: Level 1 high res radar backscatter   
  

-  Outputs: Surface freeze-thaw state expressed as a binary value (frozen/thawed) 
 

-  Baseline Domain: Vegetated areas encompassing boreal/arctic latitudes (≥45°N) 
 

-  Resolution: 3 km (baseline) 
 

- Temporal fidelity: 2 days (daily composite) 

 



Bonanza Creek Experimental Forest, Alaska 

 D(t) = [s0(t) -s0
fr] / [s

0
th -s

0
fr] 

  s0
fr = frozen reference 

  s0
th = thawed reference 

 T = threshold 

D(t) > T (Thawed) 

D(t)  T (Frozen) 
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L-band Radar Imagery from JERS-1 Boreal 

Mapping Mission 

Microwave-Based Freeze/Thaw Classifications 



Apr 10 

Jul 19 

Dec 26 

Daily Freeze-Thaw Status 

SSM/I (37GHz, 25km Res.) 2004 

Source: http://freezethaw.ntsg.umt.edu  

• Daily F/T state maps: 

-Frozen (AM & PM),  

-Thawed (AM & PM),  

-Transitional (AM frozen, PM thaw),  

-Inverse-Transitional (AM thaw, PM frozen) 

• Global domain -  F/T affected areas:  

 - 66 million km2 or 52% of global vegetated 

area); 

 

L3_FT_A   Combined AM+PM Product Prototype 

Mean Seasonal F-T Progression 

SSM/I 1988-2007 
 

Non-frozen 

Transitional 

Frozen 



Source: Kim et al. 2010. TGARS 

L3_FT_A Validation and Error Assessment 

Mean Annual Accuracy

Mean Daily Accuracy

Mean Annual Accuracy

Mean Daily Accuracy

Spatially Explicit Quality Assessment Global Comparisons with WMO Daily  

Air Temperature Observations 



SMAP Radar Prototyping Activities 

L3_F/T Prototype datasets: 

 

• ALOS PALSAR (L-band) 

•    HH- and HV Pol Fine Beam Data 

•    HH-pol ScanSAR 

•    Global-scale, systematic obervations  

 

• SSM/I, AMSR-E, QuikSCAT 

 

• Aquarius, SMOS (L-band) 

 



JAXA ALOS Kyoto and Carbon Initiative 

• ALOS launched on January 24, 2006 and 
operated through April 2011 

 

• Instruments: 

– PALSAR (L-band SAR) 

– AVNIR-2 (side-looking visible and 
near IR) 

– PRISM (Stereo high-resolution nadir 
panchromatic for mapping 
topography) 

 

• Systematic Global Observation Strategy 

 

• International science team to produce 
products 

 

• Seasonal coverage of high priority areas 

 

• 3 Science Themes: 

– Forests 

– Wetlands 

– Desert and Water 

 

 



Alaska & Canada
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PALSAR Regional Coverage: ScanSAR regions 

• Multi-temporal 
ScanSAR HH-pol data 
collected for key 
ecoregions, targeting 
wetlands. 

 
• Systematic acquisition 

plan developed by K&C 
Science Team 
 

• Global Fine-Beam dual 
pol (HH & HV) data 
collected. 

 
• Processing at ASF 

supports expanding 
time series data in 
Boreal North Ameica. 

 
 



PALSAR ScanSAR data coverage over Alaska 

About 4400 scenes from 

2006/10 to 2011/04. 

 

Each ScanSAR image is about  

400km x 380 km and has a 

wide range of incidence angle 

variation (18 ° to 42° ). 

 

 



PALSAR Freeze-Thaw Retrieval 

ALOS PALSAR Oct 2010 
w/40° incidence angle correction 

HH sigma0 @ 3km grid 

Change-detection parameter  

Freeze-thaw retrieval 

using threshold of  

Δ = 0.5 



F/T Ground Validation Sites 

Planned Freeze/Thaw Ground 

Validation Sites 

 

• Stations Networks with Air and Soil 

Temperature Measurements 

• SNOTEL/SCAN 

• ALECTRA 

 

 

 

 

• Station Networks with only Air 

Temperature 

• WMO 



Alaska Ecological Transect (ALECTRA) 
Similar Stations are in place or planned in Colorado, California, 

Europe, Africa 



Biophysical Monitoring Stations (ALECTRA) 

Bonanza Creek Experimental Forest 

 Floodplain session forest 

 Black spruce bog 

Caribou Poker Creek Experimental Watershed 

 Tree line 

 South Slope mixed boreal forest 

Dietrich Valley  

 Northern tree line/tundra transition 

 Black spruce bog & north facing slope 

North Slope  

 Frankilin Bluff (Wet tundra) 

 Sagwon (dry tundra) 

Kenai 

 Cool coastal mixed spruce forest 
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Biophysical Monitoring Stations 

Colorado: 

 Fraser Experimental Forest, upper montaine mixed conifer forest 

San Bernardino, CA: 

 Montaine Mediterranean mixed conifer forest 

Germany: 

 Au Am Rhein floodplain, mature old growth oak-ash floodplain forest 

 Northern Black Forest 

  mixed conifer 

  young poplar 

 Bayreuth – young floodplan forest (5 species) 

Turkey: 

 Southwest Anatolia, Mature mountainous forest with Lebanon Cedar 

Africa (planned February 2013): 

 Tanzania: Tree line forest  

Peru: 

 Central Andes Mountains: Balla Auraura, upper montaine forest (3600 meters) 

15 





L3_FT_A: ALECTRA and QuikSCAT 
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• QuikSCAT backscatter analyzed vs. ALECTRA 

biophysical network 

• Sophisticated ALECTRA data valuable for the 

planning efforts 

• Study indicates the most significant landscape 

components for explaining QuikSCAT backscatter 

changes 

• Results vary with terrain and land cover conditions 

which may have implications on validation planning 
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JERS-1 SAR derived F/T classification, Bonanza Creek AK





Seasonal variation of L-band backscatter for different land 

cover types in four regions of Alaska 

Aquarius and PALSAR 

PALSAR 



Site I:  North Slope 

 

 

 

 

 

 

 

 

 

Site II: Interior Alaska 

 

 

 

 

 

 

 

 

 
 

Aquarius and PALSAR 

PALSAR and Aquarius 

σ
0
  
[d

B
] 

σ
0
 [

d
B

] 

σ
0
  
[d

B
] 

σ
0
 [

d
B

] 

PALSAR – Dominant Landcover Types 

PALSAR and Aquarius PALSAR – Dominant Landcover Types 



Not for public release or redistribution. This document has been reviewed and determined not to 

contain export controlled technical data. 

Jet Propulsion Laboratory 
California Institute of Technology 

RSD - 22 L3 Freeze-Thaw Test Plans 

SMAP L3 Freeze-Thaw Algorithms 

MODIS LST and AMSR-e F/T 

AMSR-e F/T and MODIS LST InSitu Soil F/T and MODIS LST 

 

Station  Agreement [%] N 

MODIS 

Threshold 

[deg.K] 

 Agreement [%] N 

MODIS  

Threshold 

[deg.K] 

Toolik 91.31% 2419 265 91.82% 3168 278 

Sagwon 92.48% 2275 263 86.47% 2751 275 

Coldfoot (958) 92.77% 1952 266 85.47% 1977 270 

Bonanza Creek (A01) 96.08% 1481 270 86.52% 1893 276 

𝐶
 



CARVE: Carbon In Arctic  

Reservoirs Vulnerability Experiment 



The CARVE Science Investigation 

Fairbanks
Yukon River

Barrow

Prudhoe Bay





Site Description 
• Type of site 

– Single point evolving to core site level (minimum of 7 points; 
6 probes per point) 

• Measurements provided 

– L band brightness temperature (as well as 37 and 89 GHz 
readings)  

– Soil moisture at 2.5, 5 and 10 cm; Sensors used: Stevens 
Digital Hydra Probe II  

–  Freeze/Thaw  

– NDVI 

– Precipitation 

– Air temperature 

– Streamflow  

– Gravimetric soil moisture 

 



Network spatial distribution 
  Site Location Description 

Soil moisture 

observation 

Freeze/thaw 

observations 

Cary Institute 

Lat:41 deg 47 min, 

long: -73 deg 44 min, 

elevation: 128 m  
 

- Electric power                                                    

- UPS unit                                                                 

- solar panel                                                         
- wireless internet 

connection. 

X X 

NOAA NWS 

Caribou ME 

Lat: 46°52'2.14"N 

Long: 68° 0'48.47"W 
Elevation: 135 m 

- Electric power 

unit. 
- 37 and 89 GHz 

radiometers 

- Infrared 
Thermometer 

- Snow 

Temperature 
Profiler 

- wireless internet 

connection. 

X X 
Operational 

USCRN/NY 

Millbrook 3 W site 

Lat:41 deg 47 min, 

long: -73 deg 44 min, 

elevation: 128 m  
 

- Temperature 

- Precipitation              

-Wind / Solar  
Radiation 

- Surface 

Temperature 

X X 

Gifford House 
Fields 

Lat:41 deg 47 min long: 
-73 deg 43 min, 

elevation 122 m 

- Solar panel 
- Data Logger 

- Six  
- Soil moisture 

probes  

X  

Greenhouse Fields 

Lat:41 deg 47 min long: 

-73 deg 45 min, 
elevation 124 m 

- Solar panel 

- Data Logger 
- Six  

- Soil moisture 

probes  

X  

Dutchess Day 

School 

Lat:41 deg 46 min long: 

-73 deg 39 min, 

elevation 208 m 

- Solar panel 

- Data Logger 

- Six  
- Soil moisture 

probes  

X  

Sky Acres Airport 

Lat:41 deg 42 min long: 

-73 deg 44 min, 
elevation 210 m 

- Solar panel 

- Data Logger 
- Six  

- Soil moisture 

probes  

X  

Millbrook School 

Lat:41 deg 51 min long: 

-73 deg 37 min, 

elevation 243 m 

- Solar panel 

- Data Logger 

- Six  
- Soil moisture 

probes  

X  

To be 

deployed in  

spring 2011 

The Fountains at 

Millbrook 

Lat:41 deg 43 min long: 

-73 deg 39 min, 
elevation 310 m 

- Solar panel 

- Data Logger 
- Six  

- Soil moisture 
probes  

X  

 

Scale: 17.1 mi 



CREST-SAFE - Snow Analysis and Field Experiment 

Real time Web-cam monitoring of site (23 Feb 2012) 

• The CREST-Snow Analysis and Field Experiment (CREST-SAFE) is 

setup in the backyard of the National Weather Service office at Caribou, 

ME using high frequency (37 and 89 GHz), dual polarized microwave 

radiometers to develop, improve and validate the snow retrieval 

algorithms. 

• The field experiment site equipped with Snow Pillows, ultrasonic snow 

depth sensor, Infrared Thermometer, Radiation Sensors, Humidity, 

Temperature, snow temperature profiler, snow grain size, density, and 

network camera for real time remote monitoring of the site. 

Observed snow depth and 
snow temperature profiles 

Simulated snow depth and 
snow temperature profiles 

http://maps.google.com/maps?q=Caribou,+ME&ll=46.866966,-68.013766&spn=0.002006,0.004699&hnear=Caribou,+Aroostook,+Maine&gl=us&t=h&z=19
http://maps.google.com/maps?q=Caribou,+ME&ll=46.866966,-68.013766&spn=0.002006,0.004699&hnear=Caribou,+Aroostook,+Maine&gl=us&t=h&z=19
http://maps.google.com/maps?q=Caribou,+ME&ll=46.866966,-68.013766&spn=0.002006,0.004699&hnear=Caribou,+Aroostook,+Maine&gl=us&t=h&z=19




Extra Charts 



Error Budget  

• Expected components 

– Monte Carlo (“toy”) 

model of classification 

accuracy sensitivity to σo 

noise (Kp) and reference 

state differences  

– Landcover & terrain 

(topographic height and 

variance) variability 

• Test with Palsar and 

Aquarius data 

 

RSD–31 



L3_FT_A: Algorithm 

Algorithm: 
 

•  Seasonal threshold       
  

 

Approach: Classify the landscape freeze/thaw state based on time series radar backscatter relative to seasonal 

reference frozen and unfrozen states. AM and PM observations are classified separately. The AM and PM states 

are combined to provide the combined state as (1) frozen (frozen AM, frozen PM), (2) thawed (thawed AM, 

thawed PM), (3) transitional (frozen AM, thawed PM) and (4) inverse transitional (thawed AM, frozen PM) states. 

 

Inputs: Time series radar backscatter (L1C_S0_HiRes), both AM and PM 

 

Outputs: Landscape freeze/thaw state for  AM, PM, and combined.3x3 km resolution, daily product. 

 

Domain: Vegetated areas encompassing (1) boreal/arctic latitudes (≥45°N) and (2) global regions where 

temperature is a significant constraint to vegetation productivity. 

 



Kenai 

Peninsula 

Ellsworth  

Glacier 

Resurrection  

Peninsula 

Interior Alaska 

Freeze/Thaw Monitoring:  Alaska 






