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- Thin-ice thickness retrieval for polynyas & leads using MODIS thermal infrared MATA = MODIS-assisted temperature Adjustment 5 TP oDls oSG
o . : , . ] or -
satellite imagery & atmospheric model data (e.g., PreuBer et al. (2019) is strongly - Main goal: Correction of 2m temperatures (T,,,, & T,,,,) based on satellite- 5 atmospheric model variables lce surface temperature (IST)
dependent on the 2m temperature distribution (Adams et al. (2013)) observations of surface conditions, thereby decreasing differences between e ey Y T
- Hence, the use of different atmospheric data sets impose a large range of atmospheric input data sets 5| Tammose = (T.imace 1Twoois Tammoce) Tazmmotet = f(Tammode, DEPIESSions el
uncertainty in MODIS-based heat loss & sea-ice production estimationsduetoa - Development of MATA purely model-based (COSMO CLM; Heinemann et al. Thin-ice thickness (TIT) retrieval using 1-D energy balance model
wide range of assumptions & inconsistencies for sea ice surface conditions in the (2021)) through multiple simulations for a wide range of atmospheric conditions 5 !
models, as well as model biases and course grid resolutions & different regions (examples in Fig. 2) 8 T |TEEE |[1EEE |
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- Key element: relationship between ice surface temperature and T,,, s - | = | . . | . |
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Figure 1 Overview of different data products on 3 January 2020. Thin-ice thicknesses (in m) in the areas of the Laptev Sea Tommoder = —slope - (Ts moder — ISTmopis) — 0f fset + Tom,model Eecr&%r;t;éeAsd?;:n;/\ll;/ts?s aTthmeoﬂ,ﬁ;Cagggjbf;diﬁ?angsigtggl\fgms;'\:tu?;
and Transpolar Drift (&) using CCLM data, (d) using ERAS data) are shown in their uncorrected form. Arclead — _ Fiyad slope value, as only minor effect by varying (0.5 + 0.05 > 1-3% difference  adjustment scheme (MATA) is indicated in blue.
classifications in (c) are from Reiser et al. (2020), while sea-ice concentrations in (f) are based on Spreen et al. (2008). in POLA / SlP)
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Figure 4 (above) Case study in the Laptev Sea subset-region, showing the 3 R _\ o Sy _ : |
total effect of MATA on the 2m temperature distribution. Panels (a,d) show 3250:_ T Rt e S
T,,, from ERA5 and CCLM, respectively, with MATA and the T, correction §245 o e L L R i A
applied. (b,e) show the respective T, distributions without an application of . e T T T T e T T T T T T
MATA, while (c,f) feature the resulting differences in T,,. All displayed values @) —r"—b—"tr—"r—"r—"—"F—"—"—— : ——— —
in K for 2 January 2020, 0425UTC. Black contours indicate areas with ice o fFoo \ S S T s i g S Sl ]
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Figure 5 (right) Various profiles (A to B; compare Fig. 4) for sea ice and ) 0 20 40 00 80 100 . F .2019/2020/
atmospheric variables for the case study in the Laptev Sea on 02 January c 400g R [ T T T T e T e o T S . °
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thicknesses (h;y, in m), (b) sea-ice production scaled to one hour (SIP, in S oo e i Fr 0 0.5 T 52 e 23 _ S
cm/h), (c) 2 m air temperatures and MODIS IST (all in K), (d) specific humidity S [ \ e 0 - Suanee production in m S8 Procien ok in. m
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- Absolute differences in T, between 1-5K over polynya areas, but also lowering of T,,, over fast ice & pack ice | |
- Differences between atmospheric data sets depend on the magnitude of heat fluxes and hence, the ice
thickness regime (smaller differences for thin ice, larger differences for thicker ice)
Effect of MATA approach (daily composite level)
3 R "JAN 02, 2020 = "JAN 02, 2020 (a) 10°
: ’ ey B, 5 w10~ -
29 E I | | :u‘ | _,-, I
x TIT < 20¢m (ERA5 - MATA) TIT <:20cm (CCLM - MATA)  =====" AMSR2: BIC < 70%
E [ TIT < 20cm (ERAS5 - no MATA) ==sssssree: T Q:Z'E:cm (CCLM - no MATA) i
g R A
c 2 &
w %
g 5 T i . 3
N (b)Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20
i " 10 I I I I
i"‘) - TIT < 20¢m (ERAS - MATA) | SUM 68.1 ~—&—=TIT < 20cm (CCLM - MATA) | SUM 82.1 :
) «2 = [ TIT < 20cm (ERAS5 - no MATA) | SUM 132.1 ;.. ----- TIT < 20cm (CCLM - no MATA) | SUM 260.9 // y
«MODIS + CCLM (MATA apdglied) A +MODIS + CCLM (MATA no:applied)‘s- : S 7] DJFN(A » DJF MA
/2]

B 20102020 | IR 20192020

U JAN 02, 2020 2 S S
| 1 I } | |
- L L : £ 0 0.5 1 1.5 2 25 23 0 0.5 1 1.5 2 2.5 23
E 15BA V" N il St NE N i A g AFANFA M A A P o\ 1 Sea-ice production in m Sea-ice production in m
c x ¥ o ” et > 2V AL " F Nk 3 . s
'_£ 10 E_ b ) v s, i .E. . '\(bg Q = 72O° &006\ 0 2 720° 002(\
<" s5F Avg. TIT < 20cm (ERA5 - MATA) Avg. TIT < 20cm (CCLM - MATA) - : DIFF MATA DIFF nNo MATA
SEEELLEECCE Avg. TIT < 20¢m (ERAS - no MATA) #xsesemssss Avg. TIT < 20cm (CCLM - no MATA) . ¢ e » . iy . : «
0 C | | | | -] SN : S e - : 5 B, = \ - ’\“ e . ' g J 9 =
Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 3 d) minus (C i RN minus d
_ \ W/ . > , , g = Sy
Figure 7 Laptev Sea: (a) Daily polynya area (POLA, in km?), (b) accumulated sea-ice : ' ) ' r
, 7 N - “ = production (SIP. in km?®) and (c) average thin-ice thickness (h.,, in cm) between
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daily composites), with and without the application of MATA.
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Figure 6 Spatial distributions of thin-ice thicknesses (TIT, in m) in the - MATA leads to a more congruent distribution of
Laptev . Sea, presented as persistence-lead-filtered (PLF) daily polynyas/thin-ice areas (green contours)
composites for 2 January 2020. Both CCLM and ERA5 are compared, d d diff . | i km?
with (panels (a,c)) and without (panels (b,d)) the application of MATA. ~ Reduce Irrerences in polynya extent (POLA, In KM ) &
Green contours mark areas with ice thicknesses below or equal to 0.2 m. accumulated sea ice production (SIP; in km3)
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- Including MATA in the MODIS thin-ice retrieval leads to a better &, E Y

comparability when using different atmospheric data sets for sea ice BN "  § A P Y /D‘JF A
production estimates in polynyas & (larger) leads . ) W 2019/2020 4 W/ .2019/2020
- Absolute numbers for polynya area and sea-ice production are - - : 7 - -
. o o o . o SIP-difference in m SIP-difference in m
nOt|Ceab|y |Ower than N preVIOus Stuc €S / WIthOUt MATA applled Figure 7 Spatial overview of accumulated sea-ice production (SIP, in m/winter for all TIT < 0.2 m) in the Arctic for December 2019 to April 2020,
. . . L. based on MODIS data at Tkm spatial resolution and atmospheric data from CCLM ((a) MATA, (b) no MATA) and ERA5 ((c) MATA, (d) no MATA).
- Tem peratu re b|ases N atmOSphenC data sets are m |t|gated 10O some extent Panels (e,f) show the difference in SIP between CCLM and ERA5 for the MATA and no MATA versions, respectively. In contrast to colored areas, pixels

in light grey indicate zero SIP as well as masked ocean areas of the northern Atlantic and Pacific seas.

Table 1 Accumulated sea-ice production (SIP, in km?) in Arctic polynyas in 2019/2020 (December to March (DJFM)/April (DJFMA)), compared to the
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