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1. Why study water vapour? Where? 3. Profile comparisons 3. Summary of results

Water vapour profoundly shapes our planet and society. _ Eureka,. Nun_avut _ Satellite profiles coincident within 500 km and 3 hour of the reference measurements have been compared using differences calculated using: ACE-FTS: agreement with the 125HR was better than 11 ppmv (13%) between 6 and 14 km.
in the Canadian high Arctic Afppmyv] = X — Y Between 8 and 11 km a wet bias of approximately 7% relative to the 125HR 1s observed. Relative to

Atmospheric H,O plays crucial roles in atmospheric chemistry, dynamics, and the
P P P R (Ellesmere Island) the Eureka radiosondes, ACE-FTS had mean agreement closer than 13 ppmv at 6 km and above.

hydrological cycle. It 1s also the most important greenhouse gas on Earth (Dessler et al. (X-Y) 110 k b b 100
2008). Polar region climates are particularly sensitive to H,O changes, motivating Al%] = *100% , Between / an m, agreement was better than 10%.
research into Arctic H,O abundances and trends (e.g. Serreze et al. 2012). where X is the satellite measurement and Y is the reference measurement. ACE-MAESTRO: alz)ove 6 km, mean Fhfferences with the PEARL 125HR show a dry bias of
The World Meteorological Organization (WMO) considers measurements of H,O profiles A ﬁgEII\:A"I'ASE STRO approximately 7 to 10%, with greater differences observed below 6 km. ACE-MAESTRO also
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However, producing global, high vertical resolution H,O profiles is challenging. los Th ' ber of g S Clos ot 4 o} itade (N) is noted on th - & p — MIPAS (IMK v7) AIRS: shows close agreement with both the PEARL 125HR, i.e. within 5% between 1 and 14 km,
Comparisons between the latest satellite retrievals and ground-based reference e e profiles. The number of contributing profiles ata given altitude (N) 15 noted on the comparison figures. _ MLPSAS (IMK-v) and the Eureka radiosondes, 1.e. within 5% between 1 and 7 km.
measurements offers an opportunity to assess progress towards these goals. T e — SCIAMACHY (IUP v4.2) . : : ] o
on Feb. 26, 2016 Reference: PEARL 125HR — _ SCIAMACHY (IUP v3.01) MLS: showed a wet bias relative to radiosondes between 8 and 12 km, e.g. 25% at 10 km.
The Goals: N | y TES SCIAMACHY: agreement with 125HR and radiosondes within 10 ppmv and 10% above 10 km.
(1) Assess high Arctic UTLS H,O measurements produced by , - To compare satellite and PEARL 125HR : _ TES: A wet bias of approximately 25% was observed relative to the 125HR above 5 km; a dry bias
satellite instruments on board the Atmospheric Chemistry i measurements, satellite instrument profiles were 12 | | of approximately 10% was observed relative.to the 125HR near 2 km. Only one coincident
Experiment (ACE) using comparisons to ground-based \ G . smoothed by the 125HR measurement’s averaging 10 | / measurement was found with the Eureka radiosondes.
measurements at Eureka, Nunavut. e = a0 ® kernels to account for altitude sensitivity differences. E . :
(2) Examine other available satellite datasets to place ACE PR dY . , ‘/ Since the MUSICA water vapour retrievals are g |
results in context. 8 / performed on a logarithmic scale, the smoothed % o | _ /7
Image: Google Maps . . ,
profile 1s calculated using: _ | _ -
: | 6. Conclusions
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smoothed ’ 2
where % x.. and A are in log -space : ACE measurements contribute accurate information about UTLS H,O 1n the high Arctic. However,
2 . wate rF va P our measureéemen t S @ Se7SPALe %0 100 200 300 €0 40 20 0 20 50 100 02 o agreement with the Eureka reference measurements did not reach the 5% accuracy goal set by the WMO.
) H,O [ppmv] A [ppmv] [%] N ACE H,0 measurement accuracy worsens at the lowest altitudes, e.g. for the ACE-MAESTRO below 7
S t 1; t b CI ‘st ts: Reference: Eureka radiosondes km. Overall, ACE-FTS and ACE-MAESTRO H,0O measurements had closer agreement with the 125HR
atellite-based Iinstruments. 14 | | | | 11K | ) | and radiosondes in the UTLS than other instruments used 1n this study - except AIRS.
. . | | | . . .
Satellite measurements offer wide geographic coverage. However, orbits and measurement Tod.compgre satghtehand Ladlosondetﬁr(éﬁle.s, " 12 | | Close agreement (e.g. within 5%) between AIRS and both the 125HR and the radiosondes shows AIRS
techniques introduce many constraints on capturing the full global state of the atmosphere, ta 10§on, © Pro1iics iave beeh SIoothed using the 10| | | provides highly accurate measurements of H,O 1n the troposphere above Eureka. This suggests the
e.g. limb-sounder measurements involve information collected across a wide horizontal satellite’s averaging kernels where possible, 1.e. = : | potential for using AIRS as a reference for climatologies and for further comparisons. Use of AIRS as a
area, nadir-viewing measurements often struggle to capture high vertical resolution. MIPAS, SCTAMACHY, TES. —é 8| - | - = | %\ refferg:nczmag be especiallty useful in cases where radiosondes and 125HR do not offer sufficient numbers
S of coincident measurements.
SCISAT Satellite instruments with high Arctic H,O measurements examined include ACE-FTS and Inthe1cases OfACE'FTS’ ACE'MAESTRQ’ AlRS, £ 6 | | : | '
Canadian Space Agency ACE-MAESTRO on SCISAT, MIPAS and SCTAMACHY onboard ENVISAT, MLS and and ML, the vertical resolution of theradiosonde | = | R o Comparisons show MLS with a dry bias relative to Eureka radiosondes altitudes between 8 and 12 km.
’ : ’ files has b thed using Gaussi 1ghti
TES onboard Aura, and AIRS onboard the Aqua satellite. DIOISS 1B DECTL DHOOTIEC USHE Lalislal we 55 | : : : MIPAS showed increasingly large differences with 125HR profiles at UTLS altitudes. This 1s consistent
o functions with a full width half max (FWHM) that X - : — < th | dation to limit MIPAS profiles to altitudes ab 12 km. v5 and v7 MIPAS
A summary of datasets used in this study: approximates the vertical resolution of the satellite : : : : | WILLTIE SEHETATIECOTTIEntation o Hut Profiies to s above (Yo Anay
L . . 0 ' ' ' ' ' ' retrievals showed similar results.
) Measurement | Retrieval ) Measurements 500 km of S measurement. Thls ahgns Wlth the teChnlque used by 0 100 200 300 -390 0 30 -50 0 30 10° 102 104
Type | Location | Instrument | InStrumenttybe | goometry | version | """ | Eureka (Aug. 2006 onwards)| V¥ a't:“"e ’a“f‘: Sheese et al. (2017) to compare ACE with MLS and H,,0 [ppmv] A [ppmv] A [%] N Limited conclusions can be drawn from comparisons conducted with SCTAMACHY and TES due to the
. ACE-FTS i mo V36 [2004- Mar 2017 >t " oposphere MIPAS. limited overlap in profile altitudes and measurement times.
rating spectro . stratosphere to mid-
ACEMAESTRO | *_) o meter b A e >0 woposphere Coincidence criteria: 500 km and 3 hours. Vertical grey dotted lines indicate +10%.

Sept. 2004 - June
2015

TES FTS nadir v6 5,630 P > 100 hPa

AURA

Satellite

Aug. 2004 - Dec.

MLS radiometer limb v4.20-v4.22 2015 108,072 P <=316 hPa 7 F t
= TUCure or

MIPAS FTS limb IMK v5 & v7 2002-2012 v5:10692; v7: 10974 12 - 50 km

[ | [ | [ | [ |
ENVISAT imaging ) Aug. 2002 - 25 - 10 km recommended;
SCIAMACHY spectrometer limb VIOLE&VAZL  \1orch 2012 v3.01: 1638; v4.2: 14530 available as low as 4.5 km 4 ] C o m p a r I s o n S a t s p e C I f I c a I t I t u d e s . .
grating _ Close agreement between the AIRS measurements and radiosondes motivates further use of the AIRS
AQUA AIRS spectrometer nadir v6 Sept. 2002 - 2016 1,892,348 P >=100 hPa . . . . . . .
- — o dataset for analysis of the H,O abundances in the high Arctic. Given the high density and frequency of
5 PEARL 125HR FTIR sun-viewing UB- <UUB 7S8R 1889 (std); 3364 (ext) below ~12 km (varies) z = 10km, reference is radiosondes .. ) . . .
i ¥2015 2014 | | | - coincident measurements, it would be useful to calculate and examine climatologies of H,O near Eureka.
g ureka . . . . . o 5] . . .
| S [ westher | Radiosonges | cPachiance palloon [ SRRR [P e R 5515 below 8 - 15 km (varies) Difference timeseries are shown to illustrate the 100 - ] . ) In addition, global UTLS comparisons between AIRS and ACE H,0O measurements could also be
: © Stati . . n o .
ENVISAT - agreement observed at altitudes representative of 0 % - 1 § . examined to better understand the accuracy of the ACE-FTS and ACE-MAESTRO H,0 datasets.
European Space Agenc UTLS comparisons. ACE-FTS, N = 51 = B B 8 g 8 B o ) .
pEan SPAtEAgEntY P 100 {_ 8B ACE-MAESTRO, N = 41 Bo° s _ o . The validation of ACE-FTS and ACE-MAESTRO H,O products (as well as PEARL H,O measurements)
| | | | | | | | | . .
00 = ARS,N-8e8| | | | | | . | . could be enhanced by launching frostpoint hygrometers (FPH) from Eureka. FPH measurements would

G round-based instruments: provide very high accuracy and vertical resolution H,O in the UTLS. FPH measurements have been used

to validate other satellite H,O datasets (e.g., Hurst et al. 2016, to monitor MLS H,O accuracy).

Comparisons between satellite measurements
and Eureka radiosondes are shown at 10 km
(right), where there is significant overlap
between datasets and vertical sensitivities.
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Bruker IFS 125HR
Fourier Transform Infrared (FTIR) spectrometer (125HR)

The PEARL 125HR records high resolution solar absorption
spectra in clear-sky conditions. Measurements began 1in
August 2006 at the PEARL Ridge Lab, approximately 15 km
from Eureka, atop a ridge at 610 m altitude. These
measurements regularly contribute to the validation of ACE
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Radiosondes (RS) 0 E =} "' 4 o m MLS,N=0 Sheese, P.E., Walker, K.A., Boone, C.D., Bernath, P.F., Froidevaux, L., Funke, B., Raspollini, P., von Clarmann, T.: ACE-FTS ozone, water
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Radiosondes are balloon-based instruments that measure temperature, pressure, and humidity 100 - — | | | | | | 1| 5 SouAcHyvazN=0
pI'OﬁlGS. They are often used as a reference for other measurements and as iIlpU,tS to models. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Radiosondes are typically launched twice per day from the Eureka Weather Station.
Coincidence criteria: 500 km and 3 hours. AC knowl ed geme nts
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