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	SUMMARY

	The aim of this paper is to provide a description of monthly and 5-days fields of Fraction of Water Surface (FWS), provided as deliverables 1.2.1. This dataset is a contribution to the Work Package 1.2 "The decadal dynamics of high latitude lakes and their consequences for GHGs and climate".

FWS are calculated with satellite brightness temperature provided by NSIDC. 
Pentads and monthly fields are available from 1988 to 2010 for July and August.
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1 Introduction

The aim of this paper is to provide a description of monthly and 5-days fields of Fraction

of Water Surface (FWS), provided as deliverables 1.2.1. This data are a contribution to

theWork Package 1.2 "The decadal dynamics of high latitude lakes and their consequences

for GHGs and climate".
FWS are calculated with satellite brightness temperature provided by NSIDC. 

2 Sources data

We have used passive microwave data set from the SSM/I (Special Sensor Microwave/Imager) instrument onboard the DMSP (Defense Meteorological Satellite Program) series (since 1987). These radiometers with incidence angle from 50.2 to 52.8 degrees provided measurements of brightness temperature at different frequencies and at different (vertical or horizontal) polarizations. We have used the data from the 37 GHz channel at horizontal and vertical polarization. The National Snow and Ice Data Center (NSIDC, www.nsidc.org) provide the SSM/I data mapped to the Equal Area (625 km2 resolution) SSM/I Earth Grid (EASE-Grid) projection. An overview of the EASE-Grid projection can be found at the http://nsidc.org/data/ease/, and more detailed information at the http://nsidc.org/data/ease/ease grid.html. We have used data in the global projection (EASE-ML grid), that has 1383 pixels in X direction (values range from 1 to 1283) covering from -180 to 180° in longitude, and 70 values in Y direction (values range from 1 to 70) covering from 50°N to 90°N in latitude. Corresponding latitude and longitude for this EASE-Grid are provided by NSIDC files. In order to perform the processing only on land, we used a mask provide by NSIDC. To minimize the effects of ice and snow melting, only night brightness temperatures were used (thus affecting the choice of ascending or descending passes).
The initial data were averaged to obtain the pentad (5 days) mean values in order to get continuous spatial coverage. Each year has 73 pentads, pentad number for each days of the year provided in the file Day2pentad.txt. We have used this dataset, which is available at the LEGOS/CTOH (Center for the Topography of the Oceans and Hydrology). For other pentads some data gaps may occur for selected regions, due to missing orbits.
3 Datasets

3.1 Equations

Fractions of Water Surface (FWS) are derived from Passive Microwave satellite measurements. SSM/I brightness temperature at 37 Ghz and both polarization are provided by NSIDC. They are on an EASE-ML grid (25 km2 pixels).

The methodology is the one used by Grippa et al. [2007] which initiate this work on western Siberia lowland. Equations are described in Fily et al. [2003]
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TBp: the brightness temperature at polarization p.

ep: the emissivity at polarization p.

t: the atmospheric transmission.

Ts: the land surface temperature.

Tad: the downward atmospheric contribution.

Tau: the upward atmospheric contribution.

eV and eH: the emissivity for vertical and horizontal polarization respectively.

a and b: the linear coefficients between surface emissivity at vertical and horizontal polarization.

At 37 Ghz and for vertical emissivity e37V we have:


[image: image6]

[image: image7]
TB37V and TB37H: measured brightness temperature at 37 Ghz and for vertical and horizontal polarization respectively.

t = 0.888 at 37 Ghz according to Fily et al. [2003].

Tad = 31.8 K at 37 Ghz according to Fily et al. [2003].

Tau = 29.3 K at 37 Ghz according to Fily et al. [2003].

a and b: Calculated with Prigent et al. [1998] eV and eH at 37Ghz in July.

e37V : emissivity at 37 Ghz and for vertical polarization.

Ts37: the land surface temperature at 37 Ghz.
[image: image33.png]TB37V —a.TB37TH — (1 —=b—a).t.Tad — Tau.(1 — a)

Ts37 =
5 b



And we calculate FWS with equation (5) 
[image: image8] so we have:

[image: image9.emf]
ew37V : the emissivity of water at horizontal polarization. Equals to 0.66.

e37V dry: the emissivity of dry surface. Equals to e37V Prigent et al. [1998] maximum.

3.2 Emissivity coefficients

e37V dry, a and b are calculated with Prigent et al. [1998] dataset in July and have also been recalculated. To take account spatial evolution, e37V dry, a and b are calculated in 10° by 10° boxes. Results are then smoothed with a 10° by 10° moving average to avoid discontinuity between two adjacent boxes.
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The correlation coefficient between eV calculated with 
[image: image10]and eV given by Prigent et al. [1998] is also calculated to estimate a and b reliability.

3.3 Calculated datasets

FWS have been calculated for pentad 37 (4th of July) to pentad 48 (28th of August) for years 1988 to 2008. Monthly July and August fields have also been calculated, as well as monthly trend and mean fields over the entire period.

According to NSIDC, during 1994, substantial amounts of swath data over Alaska and the Canadian Prairies are missing beginning early in 1994 until May 1995. During this period, the data tape recorder on the DMSP-F11 failed. As a result, it was necessary to download data to ground stations more frequently than usual. Data download and acquisition could not occur simultaneously, consequently data gaps exist in the EASE-Grid data for Alaska and the Canadian Prairies from early 1994 until data acquisition by the DMSP-F13 SSM/I began in May 1995. Pentad during the summer 1994 are not complete, July monthly mean is almost complete but there is some discontinuity, and August monthly mean cannot be complete.

Because of lower correlation coefficient between eV calculated with [image: image11.emf] and eV given by Prigent et al. [1998] at low latitudes, FWS are only calculated above 50°N.

FWS have also been calculated for years 2009 and 2010, but the passive microwave instrument has evolved and is not the same as for precedent years. The impact of this change is described later.

3.4 Deliverables

FWS are in little endian binary files. Format is integer on 16 bits, and array of 1383 lines by 70 raws. Values are between 0 and 100, unit is percentage. Value 105 is given to out of range value (negative or superior as 100), value 110 is given when at least one of brightness temperatures is not defined, and value 115 is given to sea pixel.

FWS files names are:

fws average monthmm yyyy.bin

fws boreal yyyy ppp.bin

with mm=month, yyyy=year and ppp=pentad.
NSIDC mask is in file Ml loci land50 coast0km.1383x586.bin. Latitude and longitude for EASE-Grid are provided by NSIDC in files MLLATLSB MLLONLSB respectively.

A matlab program is also provide to read and map FWS in read_fws.zip

4 Comparisons: Impact of sensors evolution

4.1 A new Special Sensor Microwave Imager

On the new Defense Meteorological Satellite Program (DMSP) Satellite F17, the passive microwave instrument has evolved from the Special Sensor Microwave Imager to the Special Sensor Microwave Imager/Sounder. This change induces some differences in brightness temperature.

According to NSIDC:

(http://nsidc.org/data/docs/daac/nsidc0032 ssmi ease tbs.gd.html)

Beginning with processing for the DMSP-F17 SSMIS sensor, EASE-Grid brightness temperature fields are gridded using an inverse distance squared method instead of the Backus-Gilbert interpolation that had been used for the earlier sensors. The Backus-Gilbert method requires analysis of the antenna pattern of the sensor to derive weighting coefficients, yet the required analysis has not yet been performed for SSMIS. Instead, the inverse distance squared method performs a weighted average based on a 2x2 km spatial kernel. Since the two interpolation methods differ, there is a difference in the brightness temperature fields. NSIDC has investigated the difference and has found that most differences are within +/- 1 K, and the vast majority of grid cells have differences within 2 K. However, in regions with steep brightness temperature gradients, the differences can be upwards of 20 K. These regions include:

_ coast lines,

_ edges of swaths where overlap between swaths occurs, which is most noticeable near the poles (pole ward of 60 degrees latitude), and,

_ to a lesser degree, in mountainous regions.

These differences may be positive or negative and are one or two grid cells wide. 

So we do calculate FWS with brightness temperature from SSMIS sensors with the methodology describe in 1.1, and they are compared to equivalent FWS calculated with brightness temperature coming from SSM/I sensor.

4.2 Illustrations of two FWS pentad in 2007

This is the illustration, for pentads 37 and 48, of FWS calculated in 2007, for the DMSP-F13 SSMI sensor, the DMSP-F17 SSMIS sensor, and the differences between both.
DMSP-F13 SSMI sensor
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DMSP-F17 SSMIS sensor
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Differences DMSP-F17 SSMIS sensor - DMSP-F13 SSMI sensor
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Figure 1: FWS (as %) in 2008 for pentad 37 on left and pentad 48 on right. On top, with SSMI sensor brightness temperature(F13); Middle, with SSMIS sensor brightness temperature (F17), on bottom, differences F17-F13.
Differences between both sensors are barely visible on FWS 5-days or monthly fields. The difference field is mainly negative, meaning that the new DMSP-F17 SSMIS sensor induces smaller FWS than the DMSP-F13 SSMI sensor. However, even if differences are globally lower than 2% of FWS, they can be much higher along coast lines (greater than 5) probably due to the change in the sensor data processing. Even if differences are not very important, it is important to consider them as soon as data of after 2008 are used.

5 Results
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Figure 1: FWS pentads in summer 2008
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Figure 1: FWS July fields 2000, 2002, 2004 and 2006
At a global scale it is difficult to have a range which allows the study of FWS 5-days or monthly fields in details. A statistic approach is recommended.
In order to avoid influence of the evolution of the Special Sensor Microwave Imager, statistical fields have been calculated on the 1988 to 2008 period.
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Figure 1: Global Mean
FWS in July and August present similar pattern. 
In Eastern Siberia, values are between 10 and 20 % in the Ob river basin, and can be over 50% along the Ob and in the Siburskie Uvaly Hill bogs area (72°E-62°N). Those results agree with Grippa et al. [2007]. Other places in Siberia have FWS of the order of 15% along the Arctic Ocean. Between 60°E and 100°E and South to 60°N, FWS are also of the order of 15%. This region is semi-desert, areas where the method is not optimum. Anyway, rain falls during the summer and produces small lakes. The study of this region needs to be pursued in order to conclude on this signal. 
In North America two different situations can be observed. The Western part presents some very low FWS as the Eastern part have some large high-FWS areas with FWS value greater than 15%. It would be interesting to correlate the Eastern North-America to Lake Content.
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Figure 1: Global Trend

As already showed by Grippa et al. [2007], FWS rise along the Ob River in August, but also in July. FWS along the South-West coast of the Hudson Bay also present a strong raise. North-West Canadian Territories and Quebec have a negative trend as well as the north part of the Central Siberia.
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Figure 1: Global RMS

Variability is very strong along the Ob River (more than 5). Elsewhere, it is of the order of 1 in the Ob river basin, it can reach 1.5 South of the Eastern Siberia. In North of Central Siberia and the Eastern North America, variability is of the order of one and can locally, along coast, be much higher.
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