GLOBAL FREEZE/THAW PRODUCT FROM L-BAND RADIOMETER DATA
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ABSTRACT

The NASA Soil Moisture Active Passive (SMAP) mission
has been successfully operated for almost three years. The
SMAP freeze/thaw algorithm is based on a seasonal threshold
approach. It’s important to have a stable and self-consistent
freeze and thaw reference that can be applied for multi-year
dataset. The three-year long radiometer datasets allow us to
reassess the criteria of reference setup and evaluate its
stability. In this paper, we first refined the freeze reference
requirements and compare three different methods of setting
up the thaw reference to minimize the false flags. The original
freeze/thaw products is in the polar grid and only cover the
region north of 45° N latitude. The limitation is due to lack of
enough freezing days in the lower latitude, where the freezing
reference cannot be generated. To extend the freeze/thaw
product to global region, we combine the single channel
algorithm in the lower latitude and southern atmosphere. The
global results have been validated through WMO air
temperature.

Index Terms— freeze/thaw; SMAP; radiometer
1. INTRODUCTION

The terrestrial cryosphere comprises cold areas of Earth's
land surface where water is either permanently or seasonally
frozen. This includes most regions north of 45°N latitude and
most areas with elevation greater than 1000 meters. Within
the terrestrial cryosphere, spatial patterns and timing of
landscape freeze/thaw state transitions are highly variable
with measurable impacts to climate, hydrological, ecological
and biogeochemical processes [1,2,3,4]. Satellite-borne
microwave remote sensing has unique capabilities that allow
near real-time monitoring of freeze/thaw state, without many
of the limitations of optical-infrared sensors such as solar
illumination or atmospheric conditions. The primary science
objectives for SMAP directly relevant to the freeze/thaw
product include linking terrestrial water, energy and carbon
cycle processes, quantifying the net carbon flux in boreal
landscapes and reducing uncertainties regarding the so-called
missing carbon sink on land. The current standard and
enhanced freeze/thaw products only provide the freeze/thaw

status for north of 45°N latitude. In this paper, we extended
the algorithm to global region and provide an opportunity to
compare with other hemispheric F/T datasets such as SMOS,
Aquarius, AMSR?2 and land surface mode estimates.

2.SMAP FREEZE/THAW GLOBAL COMBINED
ALGORITHMS

The SMAP freeze/thaw algorithm is based on a seasonal
threshold approach [5,6]. The seasonal threshold (baseline)
algorithm examines the time series progression of the remote
sensing signature relative to signatures acquired during
seasonal reference frozen and thawed states. The global
combined algorithms are using normalized polarization
ration as an indicator for higher latitude and vertical
polarization brightness temperature for lower latitude and
southern atmosphere.

In the last few years, we’ve been demonstrated that the
normalized polarization ratio is a good indicator the soil
freeze and thaw states for the higher latitude.
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Decreases and increases in NPR are associated with
landscape freezing and thawing transitions, respectively. The
decrease in NPR under frozen conditions is a result of small
increases in the V-pol brightness temperature combined with
larger increases at H-pol [7][8]. Various studies have shown
the NPR to be preferred over other approaches as it minimizes
sensitivity to physical temperature and outperforms other L-
band brightness temperature based approaches [9][10].

A seasonal scale factor A(t) is defined for an observation
acquired at time t as:

NPR(t£)—NPR(fT)
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where NPR(t) is the normalized polarization ratio calculated
at time t, for which a freeze/thaw classification is sought, and
NPR(th) and NPR(fr) are normalized polarization ratios
corresponding to respective frozen and thawed reference
states. Originally, the 20 highest (lowest) NPR values from
summer (July/August) and winter (January/February) were
retained and averaged to create respective thaw and freeze



references. However, for lower latitude, in winter, there are
only a few days of freezing and cannot meet 20 days
requirement for setting up freeze reference. In figure 1, the
light green area is the region where the freezing period is long
enough to perform threshold method using NPR as an
indicator. The boundary is set up by the freezing reference.
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Figure 1. Combined algorithm map.

For thaw reference, we reassess three methods to reduce the
summer false flag. A) thaw reference is generated from
highest 20 NPR value from summer period (July to August)
B) highest 20 NPR value from the whole year C) average two
months (July and August) NPR value. In table 1, we
demonstrate the error estimate of false freeze and false thaw
error for three methods. The false thaw error is defined as
below:

i. False Thaw: NPR algorithm predicts thaw, while GMAO
model surface temperature is less than -5C

ii. False Freeze: NPR algorithm predicts freezing, while
GMAP model surface temperature is greater than 5C.
Overall, the NPR averaging over two months gives the best
performance for both AM and PM.

Table 1. F/T false flag error estimate for three thawing references.

AM H20(summer) H20(year) Avg(summer)
False T False F False T False F False T False F
m’;;’_‘i‘a‘g’fek'y 1.1% 3% 2.55% 2.2% 1.98% 1.56%
PM H20(summer) H20(year) Avg(summer)
False T False F False T False F False T False F
Ao weekly | 145% 2.36% | 2.57% 154% | 2.15% 1.3%

For lower latitude, we use the single channel algorithm
using vertical polarization brightness temperature. The single
channel algorithm has been successfully used in AMSR2
freeze/thaw products. In the single channel algorithm, we
define freeze/thaw as,

Non-frozen,
Frozen,

if Ty, > threshold
if Ty, < threshold (3)

The threshold has been determined on a grid cell by cell
basis. In figure 2, we plot an example over Alaska area. We
sort out a year of brightness temperature data and modeled
surface air temperature and fitted them in linear relationship.
The brightness temperature value that crosses the OC surface

FT status =

air temperature is the threshold. In figure 1, the red region
shows the single channel applied area.
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Figure 2. Brightness temperature vs. Surface air temperature for
determining the threshold of the single channel algorithm.

3. VALIDATION

The combined global freeze/thaw products were validated
using core sites and WMO station networks. The number of
core sites available for validation of SMAP FT products is
limited in number, but they yield important insights into the
behavior of NPR time series. In figure 3, the time series NPR
signals was plot in the black line. The upper dash line is the
average thaw reference from three years and lower dash line
is the average freezing reference. The blue color block is the
freeing period while the red block shows the thaw period. In
the lower panel, we plot the surface temperature estimated
from GMAO run. The two methods match each other very
well.
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Figure 3. NPR derived F/T vs. GMAO air temperature derived F/T.

To better evaluate the dataset globally, we also compare the
SMAP derived freeze/thaw with the WMO air temperature in
figure 4. The overall accuracy for global and high northern
latitude is all above 80%.
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Figure 4. WMO station distribution with overall agreement.



In figure 5, we plot a snapshot freeze/thaw prediction for
four seasons
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Figure 5. Snapshot of the four season freeze/thaw over 2016.
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