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INTRODUCTION

This report contains the presentation on: “the uncertainty budget for non-recoverable ice surface
temperature (IST) observations, when used to validate and calibrate satellite observations” that
was given at International FRM4STS workshop held at NPL in October 2017. In addition, a
summary of the key results and discussions from the workshop is included. In the end, the
recommendations from the discussions are given for improving the FRM satellite calibration
and validation.

The work with establishing fiducial reference measurements for ice surface temperature and
agree upon protocols within the community is much less mature than for SST and LST. This
means that today there is no consensus on a FRM IST data set that can be used for routine
validation of the satellite IST products. Candidates for a routine IST FRM are the buoy data
from the Data Buoy Cooperation Panel (DBCP) and the International Arctic Buoy Programme
(IABP) that deploy iSVP buoys on the sea ice that typically report hourly temperature
observations from the sea ice (see http://iabp.apl.washington.edu/index.html). However, very
few studies have been performed to assess the uncertainty of these non-recoverable
observations (e.g Rigor et al., 2000). Dybkjeer et al., 2012 found that manual inspection of each
buoy was needed in order to increase the quality of the ice drifting observations obtained from
the Global Telecommunication System (GTS). In addition, they ended up discarding a vast
majority of the observations. The conclusions in these papers pointed towards the need for an
in-depth analysis of the uncertainties on the ice drifter observations.

The nature of the ice surface temperature observations requires that the establishment of an IST
FRM to be used for satellite climate data record validation must include both assessment of the
sensor performance and the representativeness effects due to spatial and temporal variability.
In particular, the vertical transformation of the ice drifting observations to the skin IST is very
different if the sensor is 20 cm above the sea ice or covered with 5 cm of snow, this due to the
large vertical gradients within the snow. To obtain a reliable IST FRM data set to be used for
climate data record and routine validation, the magnitude of all these effects need to be assessed.
In this presentation we quantify the uncertainty components related to the temperature
observations from the ice surface drifters. The work is connected to the work within the
FRMA4STS proposal: “Study of SI Traceability for non-recoverable SST and IST FRM
instruments” in terms of sensor degradation and performance of the SVP buoys.

SUMMARY OF KEY FINDINGS

The results demonstrate that using iSVP as a FRM for validating satellite ice surface
temperature measurements over sea ice bears several complications. The accuracy of the
sensors is adequate to be used for validation. Through data analysis on iISVP buoys set out on
the sea ice off Qaanaag, western Greenland, each of the components in the uncertainty budget
is assessed, when satellite and iISVP buoys observations are validated. A table has been derived
for typical validation conditions, showing sampling differences to range from 0.36 °C for
radiometric observations to more than 5 °C, when comparing satellite and iSVP buoys analysis.
The largest effects arise from the different sampling components, where the vertical
displacement of the in situ observations from the skin into the snow and ice or in the air accounts
for the largest contribution.

In addition to the Qaanaaq data analysis, automatic quality control routines have been
developed to filter out the observations that do not represent the skin IST. These procedures
consist of 15 tests that range from to buddy checks on mean value and variability. Application
of these QC tests on a test data set obtained from the GTS leads to improvements in the data
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quality, but the fundamental problem still exists, namely that the IST skin temperature easily
can differ several degrees from temperature observations within a few centimetres of snow in
the air. These large discrepancies severely limit the usefulness of the observations for validating
and improving upon the satellite IST retrieval algorithms. Several land-based snow and ice
radiometric observations are available today from e.g. the ARMS sites but the snow and ice
melts during summer and no all-year round radiometers exist today that can be used to monitor
and validate the existing satellite IST algorithms.

So in summary, it was concluded from the work that:
* This is the first time a systematic study has been performed to assess the different
components in the satellite vs in situ inter-comparison budget.
* The 4 iSVP bouys deployed within few metres showed:
» Up to 14 degrees C differences among themselves
* More than 20 degrees away from Tskin
* The sampling effects using iSVP observations can be much larger than potential
algorithm uncertainties
« Sampling effects can be up to 5 degrees
» The TIR FRM observations of skin IST is significantly better than other types
of IST observations for satellite IST monitoring and validation
» Automatic QC procedures can improve the in situ observations, but cannot completely
remove the sampling effects.

WAY FORWARD

At the workshop, it was discussed that the lack of FRM radiometric observations over sea ice
is limiting the routine monitoring of operational products and the development within the IST
algorithms. The present day validation of these retrieval algorithms is usually performed using
temperature observations from the sea ice or from fixed AWS stations reporting T2m. The
discussion ended with a clear recommendation to the stake holders:

It is recommended that all-year FRM radiometric observations of IST are being performed
over a homogeneous permanent ice area, such as Summit, Greenland or Dome C on
Antarctica for the routine calibration and validation of satellite IST observations.

PRESENTATION FROM THE FRMA4STS INTERNATIONAL WORKSHOP

The slides from the presentation ‘Towards traceability when validating satellite ice surface
temperature observations’ are reproduced on the following pages.

REFERENCES

Dybkjer, G., Tonboe, R., & Hayer, J. L. (2012). Arctic surface temperatures from Metop
AVHRR compared to in situ ocean and land data. Ocean Science, 8(6), 959-970.

Rigor, I. G., Colony, R. L., & Martin, S. (2000). Variations in surface air temperature
observations in the Arctic, 1979-97. Journal of Climate, 13(5), 896-914.



fiducial reference
temperature
measurements

OFE-OP-90-V1-Iss-1-Ver-2-Draft

Towards traceability when validating
satellite IST observations

JacobHsgyer, RasmusTonboe, Fred Wimmer, Steinar Eastwood, Peter
Thejll, Andreas Lang and Gorm Dybkjaer




OFE-OP-90-V1-Iss-1-Ver-2-Draft (‘ {fr:;i:r'afteuffefence
measurements

NPLE

Motivation bt i o

« Little use of Satellite IST despite large potential I
«  Limited IST validation studies
* Lack of reference data

budgets

» Meed for a reference data set for validation and
calibration of satellite 15T

+ Here: Investigate the implications of using:
« ISVP buoys
« Radiometers observations
+  T2m air observations
+ Developed automatic quality control procedures

* Purchasedtwo iSVP buoys to put out in Qaanaq
Western Greenland

ﬂ‘duclil 'r.;r'"nﬂ L™
miperatune %
measarements :“: i, bt

e L

o

« Lack of understanding the uncertainty L

sowplogcsl Inatisate

PLE

Comparing satellite and in situ~

observations

Satellite IST In situ
observations

ﬁI ST
&> TN~
Llinshy m Ll

fiducial reference
tem perature
measurements

. Ere
-




OFE-OP-90-V1-Iss-1-Ver-2-Draft @ s

measurements

iSVP buoys NPLE

National Physical Labocatery

« Two iSVP buoys deployed in
January 2017, at AWS site

« Wrong software, reporting -5°C !
« Two new deployed in April, 2017
« New buoys recovered in June

« Old buoys left on ice -> ocean
ISVP Busy Time Sevies

Relation between Buoy observationg.g!'m

+ Pairwise differencescan be large, = 14 degrees C
« Sid of differences: 0.07-3.77

i Temperature Difference All Buoys
1)
10|
8 <
'a
44
2 +
Sol
ral
4
4
| New Buoy 1 - New Buoy 2
*r ! e New Buoy 1 - 0M Buoy 1 ||
28} o New Buoy 1 - OMS Buay 2
| — New Buoy 2 - 04 Buoy 1 |
—New Buoy 2+ Old Buoy 2 |
) —O0d S0y 1 CidBuzy 2 |
Va8 oy 12 May 14 Yoy 20 [ May 28 0 s o 0o [T
2007
g;\m -u:'v'w\v . ve
measurements + e om

"L D Muptececiogion Inatoee



fiducial reference
temperature
measurements

OFE-OP-90-V1-Iss-1-Ver-2-Draft

®

Relation iSVP and skin temperature ~ INPLE]

Notiensl Physical Liboratecy

+ Comparison, bucysvs. AWS skintemperature
« Upto =20 deg C differences
+ Std dev differences: 3.27-4.97 degC

Temperature Difference

n
New Buoy 1-ANS

x

1)

) ﬂ\;\(ﬁ il LL'M ,Nl)

fiducial reference
temperature
measurements

+  AWS Qaanaaq, 2015-2017

+ T2m - Tskin L
» Large wind speed 5
dependency i

"—“ w0
Q i . " " lj_
3
3
ad,:;l:'l ;:u"t.nuo e ? . . 5 s 10 2
measurements et



OFE-OP-90-V1-lss-1-Ver-2-Draft @ Cr o e

measurements

Spatial Variability NPLE

Natiens! Physical Libaratery

Ay | 123
" na 1 " !
;n-:: | " i

1AM | " 2.

AR VL | s

|
17432 Lot
MisMmismiiiien
rgAude
e ——— 3

"an | 7t

na 1 L ™
8 o
2 A | ;; T
b 4 | -
,HL‘ | ns ¢,

1AM | o )

"

naxa - - . -
016 4018 MREE AT M0 I2 N " \ s
ongtude sasare il

Stdv Spatial
(o) stdv

408km 00:58:45 069°C D01°C 025°C

Distance | Duration

709 304km 00:59:00 042°C 050°C 0.12°C

fiducial reerense oy

temperature e g

measurements - W,, ) ;
*o® Dw v Maptececdogeonl lrato e

Temporal difference NpPLE

. ik Nationsl Physical Labocrtery
» Large hourly variability, compared to SST
* Three vears of AWS data. + Tara + ARMS data
P Mean of atferences
5 llo“ ‘.—73 = /
j ———— —_—
eLH —AWS .
oor/ ) SO
a0y o ARM Barrow
B ARM Onictok
' ! : 1-nwal‘:hl‘.(houn ' : !
§ 2
3
5
Ry
aducbl l:uftNMQ ®q
m:l';;'r:m‘:au -‘:‘: 9:‘4 Maptececiogen |nato e



OFE-OP-90-V1-Iss-1-Ver-2-Draft {‘ {?r:gi:r'afteuffefence

measurements

Matchup contributions NPLE

Mrtiend Pkl Lib-swiery

= ‘ariability from contributions not related to satellite retrigval
EITOrs

= Differences from 0.4-5.1°C
= iSWP buoys can contain large errors

Ar At
. )
O

a3
30 5T 012025 0A a 075078
&0 5T, 12 012025 1M 0 113118
12 Tom 0 0124025 03 145 -238 148340
Il - T.. U gg2a3: om 145 -233 162350
&0 T, & 012025 1A 145 -233 183284
10 Toug T8 Q124035 034
El - Ty 005 042035 QW
s
“m Ty 0124025 1M

fiducial reference ? .
temperatune i» & DM
measurements :' & Deresd Wisteneplogios! Instisgts

QC control

El: T N gt iens Promicsl Lab-swiery
1 [F=] = [ iprraten & oimdr of e mime
= Automatic procedures have been developed 7 seieEe T T =117
to QC iISVP obs (o Mg oL [ g e

. ! ! w = Cvae Jaa B degoes
= Including 18 checks T L ;::_-:;-:;vmr:_:':

= |mprovement in 30-90 % in test data set | [ p—
H ] Bk Chnk T ilaiisigtn daliosrmirs s, Ui st o &
when compared to buddies gl glereci
T T T g, s Cua X

Lo

5 (= 1wy ape T T T L)

| » g e b L e waraces
o rrasprrris b g e ag s e
it il o et e 0 o xR ]

Effect of flagging bod data =
3a Y ¥ T T [} LT T I L
| _.-..-4...-.“.-
& 1 e b 1 i 3 Tl m L 5
Eal e ] L] -.'mq,.-lm.vu.'a.'..'-uhu. wion Fadeliard Geviacam .0 | O Wik |
o i st )
ok ] ¥ :v,.m:..: :.'w-;md-.pul'mf:--- ]
Promzom facury | {7 = T
e g s O Wil e bzl i 0
z i5fF . | Cuglcaim | Fierw i smotiar vabor with T s L |
s
B | Bkl chewin conhl not b sl | Toneas § il ) Bpplais Bt o0 2 g
10F 9 s
B[Sl 5 b B o v, o
M g ST T e ———
5F 7 | _imate than 3 | s L e mied
‘_J TR == =] Tk N FrRpS———
b 5 | | 0 e
100 -850 o &0 100 180 = i v e Ll ::-1}::::4.--...—.:-—&.
% change in AWSE —
Notow L ity s 1 ok b g i’ [l s s el 1 |y
fiducial reference g s Ty o wisehow i e b g b 1 0 Tho v o i
temperature e e R g
measurements ey o Lo . e e Wfpbacariag ol |t

10



OFE-OP-90-V1-lss-1-Ver-2-Draft \‘ﬁ B e
. measurements

CONCLUSIONS NPLE

Mrtiend Pkl Lib-swiery

First time a systematic study has been performed to assessthe
different components in the satellite vs in situ inter-comparison
budget

4 iSVP bouys deployed within few metres
= Up to 14 degrees C differences among themselves
= More than 20 degrees away from Tskin
Sampling effects much larger than potential algorithm uncertainties
= Sampling effects can be up to 5 degrees
= Radiometric observations significantly better than other types
of IST observations

Recommendation
» To establish an all-year reference radiometer site for validation
and calibration of safellite 15T observations

Field work in December

Data for this phase of the project is available here: IST Observations
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