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The Potential of Using Microwave Emission in Detecting Freeze and Thaw States 
(Jan, 26 2015 to Apr, 01 2018) 

PI: Hamid Norouzi 
Co-I: Reginlad Blake 

New York City College of Technology, The City University of New York 
 
1. Introduction  

Ground freezing in high-latitude areas either through seasonally freezing or by the development 
of permafrost usually involves subsurface processes, which can affect hydrology, biochemistry, health, 
and human activities. However, seasonal freezing and thawing is controlled by temperature, soil texture, 
soil moisture content, vegetation, and microclimate. On an average, more than one-third of the global 
land area undergoes seasonal freezing and thawing process. Freeze and thaw (FT) process has a profound 
impact on the terrestrial water cycle, net primary productivity, carbon cycle, surface energy budget and 
hence the global climate system. A major portion of the Northern Hemisphere, especially high-latitude 
regions, is subject to seasonal freezing and thawing process. Since ground-observations of FT states in 
boreal regions are generally sparse and inconsistent, the monitoring of FT process in these areas is 
difficult. On the other hand, remote sensing applications in the active and passive microwave have shown 
to be reliable in monitoring dynamics at regional and global scales.  

Microwave remote sensing provides more frequent observations (at least twice a day and more 
frequent in the Polar regions) and is less affected by clouds. The dielectric changes between freeze and 
thaw states make the microwave remote sensing unique for characterizing the surface FT process. Passive 
microwave (PMW) sensors benefit from rather more spatial coverage, and they are fixed by frequency, 
incidence angle, and polarization. The change in dielectric can dramatically affect the brightness 
temperature (Tb) signal when water transits from the liquid to the solid phase. Therefore, PMW studies 
have been used to investigate thresholds to detect FT states and a global daily FT product has been 
developed. However, the problem with directly using Tbs from PMW sensors is that they are affected by 
water vapor in the atmosphere even if cloud-free measurements are utilized. This problem is more 
highlighted in higher frequencies (above 19 GHz). Furthermore, Tbs depend on both the temperature and 
the emissivity values of the footprint. Emissivity can be representative of the surface state and change in 
dielectric. However, the presence of physical temperature can interfere with the analysis of the signal 
when Tbs are used in FT states detection. 

In this project, the potential of using PMW emissivity instead of the direct use of Tb information 
in the detection and analysis of FT states was investigated. The advantage of using emissivity instead of 
Tb is that emissivity values are expected to provide invaluable information about the state of the surface 
since the dielectric constant of the surface changes significantly during the FT process. However, the direct 
use of Tb is typically fraught with atmospheric and temperature noises. Transition between freeze and 
thaw states depends on the amount of heat energy the surface receives or releases and on the 
corresponding change in seasonal and diurnal temperature. This project aims to develop a method using 
emissivity estimates from two similar kind of passive microwave sensors (AMSR-E and AMSR2) for FT 
states detetction.  
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2. Global Microwave Land Surface Emissivity Estimation from AMSR-E and AMSR2  
Accurate estimation of passive microwave land surface emissivity (LSE) is crucial for numerical 

weather prediction model data assimilation, for microwave retrievals of land precipitation and 
atmospheric profiles, and for better understanding of land surface and sub-surface characteristics. Global 
instantaneous LSE was estimated for the 9-year period of October 2002 to September 2011 from the 
Advanced Microwave Scanning Radiometer - Earth Observing System (AMSR-E) and for the 5-year period 
of July 2012 to June 2017 from the Advanced Microwave Scanning Radiometer – 2 (AMSR2) sensors. 
Estimates of LSE from both sensors were obtained by using an updated algorithm that minimizes the 
discrepancy between the differences in penetration depths from microwave and infrared remote sensing 
observations. Concurrent ancillary datasets such as skin temperature from the Moderate Resolution 
Imaging Spectroradiometer (MODIS) and profiles of air temperature and humidity from the Atmospheric 
Infrared Sounder (AIRS) were used for the computation of more reliable LSE estimates from AMSR-E and 
AMSR2 sensors. The latest collection 6 of MODIS skin temperature was used for the LSE estimation, and 
the differences between collections 6 and 5 are also comprehensively assessed.  

2.1 AMSR-E and AMSR2 data 

The Aqua and the Global Change Observation Mission 1st – Water (GCOM-W1) satellites are the 
members of the “Afternoon Constellation” or “A-Train”, whose equatorial crossing times are about 1:30 
p.m./a.m. The Aqua satellite was launched on May 04, 2002 by the National Aeronautics and Space 
Administration (NASA), and among the sensors it carries the AMSR-E, the Atmospheric Infrared Sounder 
(AIRS), and the Moderate Resolution Imaging Spectroradiometer (MODIS). The overall goal of the Aqua 
satellite and its suite of sensors is to study water in the Earth-atmosphere-biosphere system. However, 
AMSR-E stopped producing data in October, 2011. On May 18, 2012, the Japan Aerospace Exploration 
Service (JAXA) launched the GCOM-W1 satellite. The satellite had the AMSR2 instrument onboard with 
the aim of studying changes in water circulation. AMSR-E was a six-frequency dual-polarized PMW 
radiometer that measured Tbs at 6.925, 10.65, 18.7, 23.8, 36.5, and 89.0 GHz (Kawanishi et al., 2003). 
AMSR2 has sensor characteristics similar to those of its predecessor AMSR-E, but it also included 
improvements such as an additional 7.3 GHz channel for radiofrequency interference mitigation and also 
improved calibration (Okuyama and Imaoka, 2015). Like AMSR-E, AMSR2 has a conical scan mechanism 
and it obtains data over a ~1450 km swath with 55° incidence angle. In this study, level-3 global swath 
spatially resampled Tbs at 0.25° spatial resolution for all the frequency channels of AMSR-E (version 7) for 
October 2002 to September 2011 and AMSR2 (version 2.2) for July 2012 to June 2017 were used. These 
datasets were obtained from the GCOM-W research product distribution service at the JAXA. 

2.2 Ancillary satellite data 

To mitigate the atmospheric effects from the PMW measurements of Tbs, near-simultaneous 
infrared-based LST, and profiles of air temperature and humidity were used. The latest collection of the 
MODIS version 6 (V6) cloud-free land surface temperature daily L3 swath global product (e.g., MYD11C1; 
Wan, 2014) available at 0.05° climate modeling grid (~5.6 km at the equator) were used. Large-scale 
changes in V6 of the global LST product as compared to its predecessor V5 were also assessed. The daily 
level-3 globally gridded integrated water vapor and air temperature profiles from the AIRS infrared-only 
V6 (e.g., AIRS3STD; Susskind et al., 2014) available at 1° spatial resolutions were used. It is to be noted 
that version 6 of ancillary data from both MODIS and AIRS sensors, mounted on the sun-synchronous 
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Aqua satellite, under clear-sky conditions were used. Thus, the estimated LSE would effectively benefit 
from the concurrence of satellite observations. 

In order to compare mean features of the estimated LSE, updated version of Tool to Estimate 
Land-Surface Emissivities at Microwave frequencies (e.g., TELSEM2) climatology was used. TELSEM2 was 
developed to provide a reliable parameterization of LSE for frequencies up to 700 GHz for advancing data 
assimilation of radiances in the numerical weather prediction models (Wang et al., 2017). The emissivity 
parameterization between 19 and 85 GHz is anchored to a monthly mean climatology of LSE computed 
from the SSM/I observations between 1993 and 2000 at 0.25° equal-area grid.  

2.3 Method for LSE estimation 

Since the spatial resolutions of PMW-based Tbs and infrared-based ancillary data are different, all 
these orbital data were re-projected to a common equal-area grid (0.25° at equator). The instantaneous 
global cloud-free land surface emissivity (ε) from AMSR-E and AMSR2 Tbs at polarization (p) and frequency 
(v) condition is computed using the following expression (Prigent et al., 2006): 

𝜀(#,%) =
()(*,+),(↑,(↓/01(2,3) 4⁄

/01(2,3) 4⁄ ((6,(↓)
             (1) 

where, 𝑇 ↑and 𝑇 ↓ are upward and downward contribution of Tbs from the atmosphere at the 
surface, respectively and they depend on incidence angle, atmospheric absorption and extinction. The 
atmospheric temperature and humidity play key role in the determination of these parameters through a 
suitable microwave radiative transfer model (Norouzi et al., 2011). Ts stands for skin temperature or LST, 
µ be the cosine of incidence angle, and 𝜏 denotes the atmospheric opacity between two altitudes. The 
estimated cloud-free land emissivity using equation (1) may produce inconsistent LSE values between day 
and night up to 12% due to the use of infrared-based LST instead of effective temperature at the depth of 
PMW observations. There exists a considerable difference in the diurnal cycle amplitude and phase 
between PMW-based Tbs and infrared-based LST, primarily in arid regions where moisture and vegetation 
are scarce and they cover about 45% of the global land areas (Norouzi et al., 2012, 2015b). To minimize 
this difference and produce more accurate LSE estimates, a statistical correction factor is applied to the 
MODIS LST over arid regions. The correction factor for the MODIS LST is computed for each month based 
on the mean passive microwave Tbs for day and night overpasses based on the following equation: 

𝑇9(:); = 	𝑇9(:) 	±	
()>?@(A)BBBBBBBBBBBB,	()CDEFA(A)BBBBBBBBBBBBBB

G
             (2) 

where, 𝑇𝑏IJK(:)BBBBBBBBBBB and 	𝑇𝑏LMNO:(:)BBBBBBBBBBBB  are the mean composite Tbs for all the day and night overpasses 
for a specific month, 𝑇9(:);  is the corrected effective temperature consistent with PMW data, and 𝑇9(:) is 
the mean daily skin temperature. A detailed description of this statistical method is provided by Prakash 
et al. (2016). However, this statistical method is suitable for the estimation of instantaneous cloud-free 
LSE. Hence, the LSE estimates presented in this study use an improved algorithm and common 
observational input datasets. The errors in LSE retrieval due to the uncertainties in ancillary atmospheric 
datasets were explicitly quantified by Norouzi et al. (2011). Thus, the use of concurrent ancillary datasets 
would essentially reduce the uncertainty in the LSE estimates. 

Figure 1 shows the spatial distributions of mean daytime (ascending orbits) and nighttime 
(descending orbits) LST from V6 and V5 products and their corresponding differences for the period of 
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2003 to 2015. The broad-scale mean features such as higher LST over the arid regions and lower LST over 
the polar regions, and cooler LST in nighttime than daytime associated with surface insolation due to the 
solar zenith angle are similar in both the versions. Larger differences in daytime and nighttime LST can be 
seen over the arid regions of Africa and Australia. However, a notable difference in magnitude between 
V6 and V5 can be seen primarily over the arid regions. V5 shows 2-4℃ less LST than V6 during the daytime 
over the Saudi Arabia, Africa, and South America. However, such underestimation of LST by V5 is mainly 
concentrated over the desert areas (Sahara Desert, Arabian Desert, and Gobi Desert) in the descending 
overpasses. Arid regions are the places where LSE uncertainty is high and hence accurate LST is crucial 
over these regions. Moreover, a noticeable overestimation of nighttime LST by V5 as compared to V6 can 
be observed over the eastern part of the Southern Polar regions. The underestimation of LST in V5 over 
the arid regions was found to be more than 2K as compared to ground-based observations. 

 

Figure 1 Spatial distributions of mean global land surface temperatures (°C) from MODIS/Aqua Version 
6 and Version 5 products for day (ascending) and night (descending) overpasses, and their differences 
averaged for the period of January 2003 to December 2015. 

Since MODIS V6 LST shows a noticeable difference from its predecessor V5 (primarily over arid 
regions), it appears reasonable to characterize the impact of changes in LST product versions over LSE 
estimates. Figure 2 shows the mean monthly global LST from MODIS V6 and V5 products and their 
difference for the month of January 2014. The corresponding AMSR2-derived LSE at 6.925 and 89 GHz for 
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horizontal polarization are also shown. Although the spatial patterns of LSE estimates are essentially 
similar with the use of both the versions of LST product, a considerable difference in magnitude is 
observed at both frequency channels over the arid regions associated with the changes in the 
corresponding LST product. Similarly, a notable difference in LST and LSE estimates can be seen over the 
Southern Polar regions. In an earlier sensitivity analysis, it was reported that a 5K difference in LST would 
result in an LSE retrieval differences of about 0.025, which is in good agreement with the present analysis. 
It is also to be noted that similar results were found for other periods. Hence, the MODIS V6 LST product 
is used to estimate LSE from AMSR-E and AMSR2 observations. 

 

Figure 2 Mean monthly global land surface temperatures (°C) from MODIS/Aqua Version 6 and Version 
5 products and their differences for January 2014. The corresponding AMSR2 global land surface 
emissivities at 6.925 GHz and 89 GHz and their differences are also shown for horizontal polarization. 

The consistency of LSE estimated by both sensors is examined for different land cover types. The 
comparison of global mean LSE features from the combined use of AMSR-E and AMSR2 against an 
independent product – Tool to Estimate Land-Surface Emissivities at Microwave frequencies version 2 
(TELSEM2) showed pattern correlations of the order 0.92 at all the frequencies. Figure 3(a) shows the 
probability distribution functions (PDF) of LSE differences between TELSEM2 and the combined AMSR-E 
and AMSR2 estimates for the month of January. Both LSE estimates are in good agreement at lower 
frequency channels, but there is a notable difference between these two estimates at higher frequency 
channels. This difference might be due to water vapor and/or cloud contaminations primarily around the 
tropics. The corresponding mean differences in LSE between these two estimates for four different land 



 
 

6 
 

cover types are presented in Figure 3(b). The overestimation of LSE by the present estimates as compared 
to TELSEM2 linearly decreases with decrease in vegetation coverage, and notable underestimates over 
the desert regions. It should also be noted that there are considerable differences in sensor characteristics 
like incidence angle, altitude, observation time, etc. between SSM/I and AMSR-E/AMSR2. 

 
Figure 3 (a) Differences in PDF of mean land surface emissivity climatologies from TELSEM2 and 
combined AMSR-E/AMSR2 estimates at horizontal polarization for the month of January, and Figure 7(b) 
the corresponding mean difference for four distinct land cover types viz. evergreen rainforest, deciduous 
woodland, grassland and desert regions. 

 
3. Assessment of Differences between Near-Surface Air and Soil Temperatures  

Near-surface air temperature and the underlying soil temperature are among the key 
components of the Earth’s surface energy budget, and they are important variables for the comprehensive 
assessment of global climate change. Better understanding of the difference in magnitude between these 
two variables over high-latitude regions is also crucial for accurate detections of freeze and thaw (FT) 
states. However, these differences are not usually considered and included in current remote sensing-
based FT detection algorithms. The difference between near-surface air temperature at the 2-meter 
height and soil temperature at the 5-centimeter depth was assessed using ground-based observations 
that span a three-year period from 2013 to 2015. Results showed noticeable differences between air and 
soil temperatures over temporal scales that range from diurnal to seasonal.  

Figure 4 shows daily air and soil temperatures and their differences during both day and nighttime 
for the three-year period for a SNOTEL station located at Colorado. Higher temperatures during the 
summer and lower temperatures during the winter for both air and soil correlate well with snowfall 
amounts. However, notable differences between both temperatures can be seen. These difference are 
larger during daytime than nighttime. Air temperatures show larger day-to-day variability due to 
insolation and weather conditions, while soil temperatures essentially vary rather slowly. Soil properties 
also change at slower rates due to the indirect effect of local weather conditions. The differences between 
these two temperatures also vary with the seasonal snow cover. The snow cover works as an effective 
thermal insulator due to low thermal conductivity; however, the overall impact of snow cover on the 
ground thermal regime depends on the duration, accumulation and melting processes of the seasonal 
snow cover. Hence, the variations in near-surface air temperature alone could not explain the soil 
temperature variations. Additionally, the presence and absence of snow cover strongly impact the surface 
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net radiation flux and thereby have critical climate implications. These results indicate that the upper layer 
soil temperature may be a more stable and effective parameter to use in FT studies than the near-surface 
air temperature. 

 

Figure 4 Time-series of daily (a) daytime and (b) nighttime near surface air temperature and soil 
temperature, and (c) their differences over a SNOTEL station for a three-year period (2013-2015). The 
shaded area in Fig. 3(a-b) represents the snow depth. 

A substantial portion of the global land area exhibits seasonal FT cycles, and the transitions 
between freeze and thaw states depend on the magnitude and the direction of the heat energy flux and 
on the corresponding change in seasonal and diurnal temperatures. There are a substantial number of 
days observed for each station in which soil temperatures show freezing, but air temperatures show 
thawing, and vice-versa. Figure 5 presents the frequency of occurrence of such events during day and 
nighttime separately. In general, air temperature could not detect soil freezing during about 5% of 
daytime and more than 11% of nighttime. Similarly, air temperature could not detect soil thawing during 
about 7% of daytime and about 13% of nighttime. Hence, the use of air temperature for soil FT detection 
might lead to larger uncertainty. 
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Figure 5 Difference between air temperature and soil temperature over six SNOTEL stations under two 
distinct cases corresponding to soil freeze and thaw states. 

 
4. Development of an Emissivity-based Algorithm for FT Detection  

Monitoring FT transitions in high latitude regions are critical to enhancing our knowledge about 
the prediction of biogeochemical transitions, carbon dynamics, climate change, and impacts on boreal-
arctic ecosystems. Since LSE depends primarily on the surface characteristics, it would contains valuable 
information about the surface, especially regarding freeze and thaw states. The surface characteristics in 
terms of microwave emission changes whenever water undergoes phase changes at constant 
temperature.  

we used instantaneous cloud-free land emissivity estimates from the Advanced Microwave 
Scanning Radiometer – 2 (AMSR2) onboard the GCOM-W1 satellite at 0.25° equal-area grids for the period 
of August 2012 to December 2015. In order to develop the FT detection algorithm, we used three-years 
(August 2012 – July 2015) of the AMSR2 land emissivity data, whereas land emissivity estimates for 
January 2015 to December 2015 were used for the assessment of the proposed algorithm. This land 
emissivity product was developed using the AMSR2 instantaneous brightness temperatures and near-
simultaneous ancillary data sets such as skin temperatures from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) and profiles of air temperature and humidity from the Atmospheric Infrared 
Sounder (AIRS) onboard the Aqua satellite. As brightness temperatures are affected by the atmospheric 
water vapor and aerosols, we used data from MODIS and AIRS instruments as ancillary to mitigate the 
atmospheric effects in order to compute the land surface emissivity. Moreover, the pronounced 
inconsistencies between the diurnal cycles of infrared-based skin temperature and PMW brightness 
temperatures (primarily over the arid regions) were also mitigated using a suitable statistical technique 
(Prakash et al., 2016a; Norouzi et al., 2015). In this technique, instantaneous MODIS skin temperatures 
were modified, especially over the arid regions, based on the mean skin temperature of the corresponding 
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month, and then land emissivity was computed for each frequency channel of the AMSR2 at horizontal 
and vertical polarizations separately.  

We used in situ observations of soil temperature at 5 cm from 61 ground stations of the Snow 
Telemetry (SNOTEL) and Soil Climate Analysis Network (SCAN) available through the Natural Resources 
Conservation Service and National Water Climate Center (http://www.wcc.nrcs.usda.gov/). We used 
these station data sets for the development and evaluation of the FT detection algorithm. We compare 
our emissivity estimates with these reference ground observations to define the threshold between 
freeze and thaw states. Additionally, we used temperature data from the United States Climate Reference 
Network (USCRN; Diamond et al., 2013) and the MODIS/Aqua cloud-free land surface temperature version 
5 data (MYD11C1; Wan, 2008) in this study. 

Since the overpass times of the AMSR2 are 0130 LST (nighttime) and 1330 LST (daytime), we 
linearly interpolated in situ soil temperatures (at 5 cm) at 0100 local standard time (LST) and 0200 LST to 
obtain corresponding soil temperature at 0130 LST and observations at 1300 LST and 1400 LST were used 
to get corresponding observations at 1330 LST. Three years (August 2012 – July 2015) of AMSR2 land 
emissivity (the difference between emissivities of 6 GHz and 89 GHz at horizontal polarization) and 51 in 
situ soil temperatures were used to develop the FT detection thresholds. The choice of using the 
difference between AMSR2 land emissivities at 6 GHz and 89 GHz (the lowest and highest frequencies of 
the AMSR2) at horizontal polarization for FT detection is due to its better correspondence with upper 
layer soil temperatures and soil properties (Prakash et al., 2016a). We used ten distinct vegetation types 
(e.g., Tropical/sub-tropical evergreen broad-leaved forest, Deciduous forest, Evergreen broad-leaved and 
needle-leaved forest, Deciduous woodland, Sclerophyllous woodland and forest, Wooded and non-
wooded grassland, Tundra and mossy bog, Boreal and xeromorphic shrubland, Non-vegetated desert, and 
Ice), as defined by Prigent et al. (1998) from 32 different land cover types. 

Figure 6(a) shows three-year (August 2012 – July 2015) time-series of daily nighttime in-situ soil 
temperature at 5 cm and corresponding AMSR2 land emissivity difference between 6 and 89 GHz at 
horizontal polarization for a SNOTEL site over Alaska located at 65.49°N and 145.41°W. Positive (negative) 
soil temperature corresponds to the thaw (freeze) state and is associated with smaller (larger) magnitude 
of AMSR2 emissivity difference. The variables show a negative linear correlation coefficient of 0.75 with 
each other for the study period. Day-to-day variations in soil temperature and emissivity difference also 
show the transitions between freeze and thaw states qualitatively. The box plots of soil temperature and 
land emissivity difference for each month are shown in Figures 6(b) and 6(c). These box plots are based 
on the three-year daily average of nighttime (e.g., at 0130 LST) data sets, and they show the distributions 
of both variables. During the summer, soil temperatures are warmer and the magnitudes of corresponding 
emissivity difference are smaller. In general, the emissivity difference shows wider range of magnitude 
than soil temperature during the FT transitions period. Similar results were also found for the other 
SNOTEL stations. Generally, both variables are in opposite phase, and they clearly show a relationship 
with each other. The results convincingly show that the AMSR2 land emissivity difference of 6 GHz and 89 
GHz at horizontal polarization presents significant sensitivity to soil freezing and thawing. 
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Figure 6 (a) Time-series of averaged daily at nighttime SNOTEL soil temperature at 5 cm and 
corresponding AMSR2-based land emissivity difference (6H-89H) for the period of August 2012 to July 
2015. Box plots of the (b) soil temperature and (c) land emissivity difference for each month are also shown. 

The collocated AMSR2 emissivity difference and in situ soil temperatures are binned for seven 
different vegetation classes for a three-year period to determine the FT thresholds. Figure 7 shows the 
scatter plots of binned emissivity difference and soil temperature for two vegetation classes of deciduous 
forest and grassland. Distinct behavior of land emissivity against upper layer soil temperature can clearly 
be seen for freeze and thaw states. However, the magnitude of the emissivity difference is distinct for 
both land cover types. The AMSR2 land emissivity difference thresholds for FT detection corresponding 
to 0°C soil temperature at 5 cm are estimated as 0.0261 for deciduous forest and 0.0426 for grassland. 
This method is repeated for the another five land cover types to obtain the corresponding thresholds. The 
sensitivity of different vegetation cover types to land emissivity estimates was also illustrated by 
Shahroudi and Rossow (2014) for snowpack detection. 

 

 

Figure 7 Scatter plots between binned AMSR2 land surface emissivity and in situ soil temperatures for (a) 
deciduous forest and (b) grassland areas. The binning interval is considered as 0.5°C of soil temperature 
in this study. 
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A novel threshold-based approach specific to different land cover types was developed for daily 
FT detection from the use of three years of AMSR2 emissivity estimates. Ground-based soil temperature 
observations are used as reference to develop threshold values for FT states. Figure 8 shows the spatial 
distributions of FT states as determined from the AMSR2 emissivity-based thresholds, for four distinct 
days of 2015. These FT estimates are obtained by comparing emissivity difference values and FT threshold 
values based on land cover type at each pixel. January is the northern hemisphere winter month when 
soil freezing is at its peak. April and October are transition periods, and July is the northern hemisphere 
summer period when soil thawing dominates. As expected, larger frozen soil area is observed during 
January 15th, and it starts to decrease on April 15th. During July 15th, the soil is thawed almost 
everywhere in the study area, and during October 15th freezing begins once again. These spatial maps 
are able to qualitatively depict well-known features of the soil state. Preliminary evaluation of the 
proposed approach with independent ground observations for the year 2015 shows that the use of land 
emissivity estimates for high-latitude FT detection is promising. This algorithm is being extended for the 
longer period of LSE estimates from AMSR-E and AMSR2 sensors in order to develop a long-term 
consistent global FT dataset for various applications. 

 

Figure 8 Daily freeze and thaw detection using AMSR2 land emissivity estimates for (a) January 15th, (b) 
April 15th, (c) July 15th and (d) October 15th, 2015. 



 
 

12 
 

These spatial maps are able to qualitatively depict well-known features of the soil state. However, 
quantitative evaluations are essential to assessing the potential of the present approach. For this purpose, 
a preliminary evaluation is performed for 2015 using 10 stations over Alaska, a region showing 
considerable FT characteristics (e.g., freeze-thaw transitions) over a year. The evaluation is performed at 
daily timescales for 2968 samples. The present approach shows a POD of 0.77, FAR of 0.07, MR of 0.23 
and CSI of 0.73 (Table 1). It means that the present approach detects FT states with considerable accuracy. 
The evaluation is also performed for each station separately, but the results are not similar for each 
station. It is possibly due to differences in topography and vegetation. However, the categorical statistics 
showed differences with land cover types in FT detection. The uncertainty in FT detection is considerably 
larger for the deciduous woodland, the sclerophyllous woodland and forest than for other land cover 
types. Nevertheless, a comprehensive evaluation over the entire domain is required and is being planned 
for a longer period of time to test the robustness of this approach. This study is a first attempt to 
demonstrate the potential of PMW land emissivity in high-latitude FT detection with reasonable accuracy. 
The approach developed here can be used with multi-satellite PMW land emissivity estimates for the 
global FT detection, and it can also be used to adequately study soil state dynamics for various land surface 
applications. 

Table 1 The 2 × 2 contingency table and categorical metrics used for the evaluation of the present algorithm 
at daily scale over Alaska 

E
st

im
at

ed
 

 Observed 

Freeze Thaw 

Freeze a b 

Thaw c d 

Probability of Detection  POD = a/(a+c) 0.77 

False Alarm Ratio FAR = b/(a+b) 0.07 

Missing Rate MR = c/(a+c) 0.23 

Critical Success Index CSI = a/(a+b+c) 0.73 
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