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Figure S1. Map of Antarctica with the sampling location (left) and the snow sample collection position with respect to Concordia Station
(right). The map (left) was drafted using (i) the ETOPOL1, IBCSO, and RAMP?2 data for basemap usage in Quantarctica3 (Matsuoka et
al., 2021), (ii) the medium resolution vector polygons of the Antarctic coastline (2014) by the UK Polar Data Centre (Gerrish et al., 2020),
and (iii) the Antarctic Ice Shelf Data by the U.S. National Ice Center (USNIC, https://usicecenter.gov/Resources/AntarcticShelf). The

image on the right was modified from Google Earth (© Google Maps).
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Figure S2. Daily and monthly averaged meteorological variables recorded during 2008-2017. Panel a) daily average and daily min-max
AWS Tom temperature (dark and light blue, respectively), monthly median (very dark blue) and daily average (pink) from ERA5. Panel
b) daily average and monthly median inversion strength (yellow and red, respectively) calculated as the difference between AWS Tm
and inversion temperature from radiosounding data. Panel c) daily average and daily min-max AWS relative humidity (dark and light
blue, respectively), monthly median (very dark blue) and ERAS relative humidity daily average (pink). Panel d) daily and monthly
cumulative total precipitation from ERAS (light and dark pink, respectively). Panel e) daily average and daily min-max AWS wind speed
(dark and light blue, respectively), monthly median (very dark blue) and ERAS5 daily average wind speed (pink) Panel f) daily average
and monthly median BSRN direct radiation (light and dark pink, respectively). Panel g) daily average and monthly median atmospheric
pressure (dark and light blue, respectively), monthly median (very dark blue) and ERAS daily average atmospheric pressure from ERA5
(light and dark pink, respectively). Panel h) monthly Antarctic Oscillation index (AAO, also known as Southern Annular Mode, SAM),
with negative values in blue and positive ones in red. Daily averages are reported in local time.
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Figure S3. Monthly averaged (left) and hourly meteorological variables (right) recorded during 2008-2017 as measured by AWS or
modeled by ERAS. Hourly patterns are calculated over different seasons: Austral winter (blue), spring (green), summer (gold) and

autumn (brown); data reported in local time.
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Figure S4. Seasonal wind roses calculated over the 2008-2017 period.
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Figure S5. Cross-correlation functions on SAM index and air temperature measured by the AWS for monthly data, for total daily data
and for daily data divided by each season.
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Figure S6. Time series showing the percentage of days with collected samples in a month (upper) and difference of Taws between days
with collected samples and days without samples at monthly basis (bottom).
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Figure S7. Histograms showing the frequency of percentage of days with collected samples in a month (upper) and difference of T aws
between days with collected samples and days without samples at monthly basis (bottom).
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Figure S8. Violin plots of the data experimentally measured at Concordia station (left side of the plots) and modeled by ECHAMS5-wiso
(right side) over all the 2008-2017 period and for each season. The upper plot reports the daily-averaged air temperatures measured by
AWS (Taws) against the T2m ecHawms; the remaining plots show the isotopic composition of snow. The colored areas of the violin plots
show rotated kernel densities, the vertical boxes inside the violin plots refer to the interquartile range, the vertical bars to the

1.5*interquartile ranges, the white symbols represent the arithmetic means (“x” for Concordia station and “+” for ECHAMS5-wiso), and

the horizontal lines show the medians.
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Figure S9. Violin plots of the data experimentally measured at Concordia station (left side of the plots) and modeled by ECHAMG6-wiso

(right side) over all the 2008-2017 period and for each season. The upper plot reports the daily-averaged air temperatures measured by
AWS (Taws) against the Tzm ecHams; the remaining plots show the isotopic composition of snow. The colored areas of the violin plots
show rotated kernel densities, the vertical boxes inside the violin plots refer to the interquartile range, the vertical bars to the
1.5*interquartile ranges, the white symbols represent the arithmetic means (“x” for Concordia station and “+” for ECHAM®6-wiso), and

the horizontal lines show the medians.
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Figure S10. Time series of the daily and monthly-averaged isotopic composition of precipitation. Daily data: grey circles, monthly
arithmetic means: black continuous lines, monthly averages weighted for the ERADS tp (total precipitation): red dashed lines.
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Figure S111. Left: time series of the monthly-averaged air temperature measured by AWS (blue lines) and the isotopic composition of
snow (black circles) measured at Concordia during 2008-2017. The monthly Taws were computed on the days with snow samples
available. Right: linear regressions between the monthly-averaged isotopic composition of snow and Taws.
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Figure S12. Left: time series of the monthly-averaged air temperature measured by AWS (blue lines) and the isotopic composition of
snow (black dots), both weighted for the ERAS total precipitation (tp). The monthly Taws  were computed on the days with snow
samples available. Right: linear regressions between the monthly-averaged isotopic composition of snow and air temperature measured
by AWS, both weighted for the ERAS total precipitation.

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
L L L 1 L I L I 1 I
° .
-52 - 46 + -52
°
. F-48 ~ —_
(-] - - - =
£ 54 - -50 8 * é
O -s6 - 52 £ e
2 = <
ey =54 = v
58 - . I -58
- -56 o= -24.22[-34.49:-11.59]
-60 4 Bo0spw0sy | o
[ T T T T 1T
7=076
L _48 B °
rar0 N —
3 01 - %) - -420 o
- -50 o
= -430 I 80 2
I me s I
o —440 L4 = M0
-450 - -56 :c,-zznn-zrsn-msﬂ - —450
% B,-3.9[27855)
-460 T 480
20 4 e B=-082[-13-033 |- 20
e - —46 4 ©  p,--2091[-5639,-367)
18 | 4 18
— 184 ° ‘0 O 16
L -50 o
é 14 o 14 ES,
a - -52 C!
T 12 . '_E . 12 o
- -5
10 . MAE -28% 10
. \\ . - -56 ::.RMSE:}.Z'I-. g
o £=061 -
T T T T T T T T T T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 -56 =52 -48
TAWS (OC)

Figure S13. Left: time series of the annually-averaged air temperature measured by AWS (blue lines) and the isotopic composition of
snow (black circles) measured at Concordia during 2008-2017. The annual Taws were computed on the days with snow samples
available. Right: linear regressions between the annually-averaged isotopic composition of snow and air temperature measured by
AWS.
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Figure S14. Left: time series of the annually-averaged air temperature measured by AWS (blue lines) and the isotopic composition of
snow (black dots), both weighted for the ERAS total precipitation (tp). The annual Tawstp Were computed on the days with snow samples
available. Right: linear regressions between the annually-averaged isotopic composition of snow and air temperature measured by AWS,
both weighted for the ERAS total precipitation.

2008 2009 2010

350 500 _
500 =
300 A 400 2
400 .
> 250 - > >
£ 200 £ 300 2 300
& 150 - S z
g § 200 4 g 200
L 100 r w
50 100 100
0 - 0 - 0 -
I [ I I [ 1 [ T I T | I 1 I T I I 1
-80 -60 -40 -600 -500 -400 -300 -200 -40 0 20 60
5'%0 (%) 5%H (%o) d (%)

Figure S15. Histograms for the delta values and d-excess also show normal curves with the same mean and standard deviation to quickly
compare the distribution of data to a normal distribution (red lines).
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Figure S16. Local meteoric water lines computed on the monthly averaged data; the results are reported for the entire dataset (upper left) and for the single seasons.
Regression parameters are also summarized in Table 2. The plot for all data also illustrates LMWLSs reported by Stenni et al. (2016) and the global meteoric water line by

Craig (1961).
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Figure S17. Local meteoric water lines computed on the monthly averaged data weighted for the ERAS total precipitation (tp); the results are reported for the entire
dataset (upper left) and for the single seasons. Regression parameters are also summarized in Table 2. The plot for all data also illustrates LMWLs reported by Stenni et
al. (2016) and the global meteoric water line by Craig (1961).
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Figure S18. Local meteoric water lines computed on the annual averaged data. Regression parameters are also summarized in Table 2. The plot for all data also illustrates
LMWLs reported by Stenni et al. (2016) and the global meteoric water line by Craig (1961).
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Figure S19. Local meteoric water lines computed on the annual averaged data weighted for the ERAS total precipitation. Regression parameters are also summarized in
Table 2. The plot for all data also illustrates LMWLs reported by Stenni et al. (2016) and the global meteoric water line by Craig (1961).
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Figure S20. Linear relationships between 880 and deuterium excess computed on the daily data; the results are reported for the entire dataset (upper left) and for the
single seasons. Regression parameters are also summarized in Table SI1.
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Figure S21. Linear relationships between 880 and deuterium excess computed on the monthly-averaged data; the results are reported for the entire dataset (upper left)
and for the single seasons. Regression parameters are also summarized in Table SI1.
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Figure S22. Linear relationships between 880 and deuterium excess computed on the monthly-averaged data weighted for the ERAS total precipitation (tp); the results
are reported for the entire dataset (upper left) and for the single seasons. Regression parameters are also summarized in Table SI1.
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Figure S23. Linear relationships between 8§80 and deuterium excess computed on the annual-averaged data (left) and on the annual-averaged data weighted for the ERA5
total precipitation (tp) (right). Regression parameters are also summarized in Table SI1.
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Figure S24. Daily d-excess to 880 ratio (grey dots) against the air temperature (blue line). The monthly d/8*0 ratios are
also shown (bars: gold=Austral summer, red= autumn, blue=winter, green=spring).
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Figure S25. Kendall’s correlation matrixes computed on the daily data. The results are reported for the entire dataset (upper left) and for each season. Correlations are
reported as percentage (-100 to +100) to save space; correlations not significant (p>0.05) are in grey.
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Figure S26. Kendall’s correlation matrixes computed on the monthly averaged data. The results are reported for the entire dataset (upper left) and for each season.
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Figure S27. Statistics on the days with agreement or disagreement between ECHAMS5-wiso and the experimental

observations.
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(blue circles) and their linear regressions.
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Figure S33. Local meteoric water lines computed on the isotopic composition of the daily samples by using ECHM5-wiso
outputs. Regression parameters are also summarized in Table SI3. The plot for all data also illustrates LMWLs reported
by Stenni et al. (2016) and the global meteoric water line by Craig (1961).
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Figure S34. Local meteoric water lines computed on the isotopic composition of the daily samples by using ECHM6-wiso
outputs. Regression parameters are also summarized in Table SI3. The plot for all data also illustrates LMWLSs reported
by Stenni et al. (2016) and the global meteoric water line by Craig (1961).
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Table S1. Relationships between 880 and d-excess.

Regression variables Data used Intercept Slope r CV RMSE
Bo (£std. BS 95th B (std.
Dependent  Indipendent error) Cl _error) BS 95th ClI %o
d 5180 Daily, all data -61 (+1) [-64;-57] -1.35(x0.02) [-1.41;-1.29] 0.67 8.4
d 50 Daily, winter (JJA) -73 (x3) [-80;-67] -1.52 (x0.05) [-1.62;-1.42] 0.75 6.1
d 50 Daily, spring (SON) -77 (#3)  [-85;-69] -1.53 (x0.05) [-1.67;-1.4] 0.75 7
d 50 Daily, summer (DJF) -87 (#5) [-101;-72] -1.98 (+0.11) [-2.27;-1.68] 0.53 10.3
d 50 Daily, autumn (MAM) -54 (+3)  [-63;-49] -1.28 (+0.04) [-1.42;-1.18] 0.65 6.4
d 80 Monthly, all data 61 (+4) [-69:-49] -1.34(+0.07) [-147-113] 074 5.9
d 50 Monthly, winter (JJA) -72 (x9)  [-90;-56]  -1.51 (x0.14) [-1.82;-1.26] 0.80 3.6
d 50 Monthly, spring (SON) -74 (x7)  [-89;-59] -1.48(x0.12) [-1.73;-1.21] 0.85 4.3
d 50 Monthly, summer (DJF) -80 (+21) [-126;-16] -1.79 (x0.44) [-2.79;-0.48] 0.38 7.2
d 50 Monthly, autumn (MAM) -61 (+9) [-80;-43] -1.39 (x0.15) [-1.73;-1.07] 0.75 3.4
dip 580y  Weighted monthly, all data -53 (+4)  [-63;-39] -1.18 (+0.08) [-1.36;-0.93] 0.64 6.3
dip 50y Weighted monthly, winter (JJA) -55 (+8)  [-75;-32] -1.22 (x0.14) [-1.56;-0.84] 0.72 3.9
dip %0 Weighted monthly, spring (SON) -62 (£8) [-84;-40] -1.26 (x0.14) [-1.68;-0.88] 0.75 51
dp §1%0rp Weighted monthly, summer (DJF) -49 (£18) [-92;-12]  -1.11 (x0.41) [-2.03;-0.29] 0.21 9.3
dip 50y Weighted monthly, autumn (MAM) -46 (+7) [-60;-33] -1.12 (x0.14) [-1.37;-0.85] 0.71 3.1
d 5180 Annual -68 (+9)  [-83;-50] -1.48 (x0.16) [-1.74;-1.16] 0.91 15
dip 580y  Weighted annual -25 (£15) [-66;-7] -0.67 (£0.29) [-1.46;-0.3] 0.40 2.3
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Table S2. Results of the regressions of delta values against air temperature modeled by ECHAMS5-wiso.

CcVv
Regression variables Data used Intercept Slope r RMSE
Bo (£std. B1 (£std.

Dependent  Indipendent error) BS 95th Cl error) BS 95th CI %o
5180 Tom Daily, all data -10 (£1) [-12;-8] 0.95 (+0.03) [0.9;1] 0.30 15.44
&H Tom Daily, all data -112 (9) [-126;-98] 6.58 (+0.17) [6.32;6.85] 0.35 95.1
d Tom Daily, all data -32 (4) [-39;-25]  -0.98 (+0.07) [-1.15;-0.85] 0.06 42.3
5180 Tom Monthly, all data -17 (£2) [-20;-14] 0.82 (+0.03) [0.76;0.88] 0.85 4.06
&°H Tom Monthly, all data -148 (£11) [-168;-128] 5.9 (£0.21) [5.51;6.31] 0.87 27.7
d Tom Monthly, all data -14 (14) [-21;-8]  -0.65 (+0.08) [-0.8;-0.51] 0.37 10
818 0prec Tom prec Weighted monthly, all data -23 (11) [-25;-20] 0.53 (+0.03) [-25.47;-20.45] 0.77 3.21
8?Hprec Tom prec Weighted monthly, all data -178 (£10) [-196;-159] 417 (£0.2) [-195.93;-158.65] 0.79 24.1
dorec Tom prec Weighted monthly, all data 6 (£2) [3;9] -0.07 (£0.04) [2.61;9.35] 0.03 4.3
5180 Tom Annual, all data -29 (£14) [-62;-2] 0.59 (+0.26) [-0.03;1.08] 0.40 1.6
&°H Tom Annual, all data -250 (+82) [-439;-106] 4.01 (¢1.52) [0.39;6.54] 0.47 10
d Tom Annual, all data -17 (£37) [-97;82]  -0.71(0.69) [-2.15;1.15] 0.12 4.4
818 0prec Tom prec Weighted annual, all data -36 (5) [-47;-23] 0.23 (x0.1) [-47.33;-22.98] 0.40 1
8?Hprec Tom prec Weighted annual, all data -275 (£38) [-359;-162] 1.94 (+0.81) [-358.79;-162.29] 0.42 8.5
dprec Tom prec Weighted annual, all data 15 (£5) [6;27] 0.12 (#0.11) [6.2;27.24] 0.13 1.2
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Table S3. Local meteoric water lines (LMWLs) computed over different time periods using ECHAMS5-wiso outputs.

cVv
Regression variables Data used Intercept Slope r RMSE
Bo (+std. B1 (std. BS 95th
Dependent  Indipendent error) BS95th Cl error) Cl %0
&H 5180 Daily, all data -87 (+2)  [-101-78] 6.22(+0.03) [5.98:6.39] 0.94  28.8
&H %0 Daily, winter (JJA) 137 (+4)  [-161:-120] 5.5 (+0.05) [5.11:5.77] 092 335
&H %0 Daily, spring (SON) -62 (+3) [-76:-50] 6.74 (x0.05) [6.46:6.95] 0.96  22.8
&H %0 Daily, summer (DJF) -20 (+1) [-28:-16] 7.31(x0.03) [7.14:7.4] 0.99 6.6
&H %0 Daily, autumn (MAM) -88 (+3) [-116:-71] 6.24 (+0.05) [5.77;6.53] 0.94 252
&*H %0 Monthly, all data -33 (+4) [-42:-25]  7.1(20.07) [6.95:7.25] 0.99 8.4
&*H %0 Monthly, winter (JJA) -91 (+16) [-118:-64] 6.19 (+0.23) [5.79:6.57] 0.96 8.1
&H %0 Monthly, spring (SON) -31 (+10) [-53;-9] 7.25(+0.17) [6.86;7.68] 0.98 7.7
&H %0 Monthly, summer (DJF) -12 (£3) [-19;-5]  7.49 (x0.07) [7.34;7.63] 1.00 2.4
&*H %0 Monthly, autumn (MAM) -79 (+18) [-119;-29] 6.37 (+0.28) [5.7:7.21] 0.95 5.9
&Hprec &"*Oprec Weighted monthly, all data -2 (£3) [-7:4] 7.76 (+0.06) [7.65;7.88] 0.99 4.1
&Hprec &*Oprec Weighted monthly, winter (JJA) -21 (+8) [-34;-7] 7.39(+0.15) [7.15;7.65] 0.9 45
&Hprec &"*Oprec Weighted monthly, spring (SON) -6 (£5) [-19;2] 7.77(£0.09) [7.52;7.93] 1.00 2.7
&Hprec &"*Oprec Weighted monthly, summer (DJF) -3 (x7) [-16;11] 7.69 (x0.17) [7.36;8.06] 0.99 35
&Hprec " *Oprec Weighted monthly, autumn (MAM) -8 (+6) [-21;6] 7.63(+0.12) [7.37;7.89] 0.99 2.6
52H 5180 Annual -90 (+27)  [-139;-39] 6.17 (+0.45) [5.35;6.98] 0.96 2.4
5®Hprec 5'80prec Weighted annual 21 (+15) [-1:60] 8.26 (+0.33) [7.81;9.14] 0.99 1.2
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Table S4. Results of the regressions of delta values against air temperature modeled by ECHAMG6-wiso.

CcVv
Regression variables Data used Intercept Slope r RMSE
Bo (£std. B1 (£std.

Dependent  Indipendent error) BS 95th Cl error) BS 95th ClI %o
5180 Tom Daily, all data -18 (£1) [-19;-16] 0.67 (x0.01) [0.65;0.69] 0.50 7.23
&H Tom Daily, all data -136 (#5)  [-144;-126] 5.34 (x0.09) [6.17;5.51] 0.53 53.8
d Tom Daily, all data 5 (x1) [3;6] -0.03(+0.02) [-0.06;0] 0.00 9.6
5180 Tom Monthly, all data -21 (+1) [-23;-19] 0.61 (+0.02) [0.57;0.65] 0.88 2.56
&°H Tom Monthly, all data -160 (+8)  [-176;-144] 4.87 (x0.15) [4.6;5.17] 0.90 19
d Tom Monthly, all data 7 (x1) [5;10] 0.01 (x0.03) [-0.03;0.07] 0.00 3.5
818 0prec Tom prec Weighted monthly, all data -22 (+1) [-25;-20] 0.5(x0.02) [-24.64;-20.14] 0.79 2.79
8?Hprec Tom prec Weighted monthly, all data -169 (+9)  [-186;-151] 4.13(+0.18) [-186.4;-151.31] 0.81 21.7
dprec Tom prec Weighted monthly, all data 11 (£2) [7;14] 0.11 (x0.03) [7.48;13.71] 0.11 3.7
5180 Tom Annual, all data -7 (£8) [-31;7] 0.87 (£0.15) [0.43;1.13] 0.80 0.6
&°H Tom Annual, all data -26 (+61) [-196;83] 7.36 (x1.12) [4.22;9.36] 0.84 4.4
d Tom Annual, all data 30 (£12) [10;44] 0.44 (x0.21) [0.07;0.69] 0.34 0.7
818 0prec Tom prec Weighted annual, all data -33 (8) [-45;-11] 0.28 (+0.15) [-45.2;-10.54] 0.29 1
8?Hprec Tom prec Weighted annual, all data -240 (+63) [-339;-71] 2.6 (£1.27) [-338.65;-71.25] 0.34 7.9
dprec Tom prec Weighted annual, all data 22 (£8) [11;35] 0.36 (x0.16) [10.62;34.88] 0.39 0.9
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Table S5. Local meteoric water lines (LMWLs) computed over different time periods using ECHAMG6-wiso outputs.

cv
Regression variables Data used Intercept Slope r RMSE
Bo (£std. BS 95th Bi (std.

Dependent  Indipendent error) Cl error) BS 95th CI %o
&H 5180 Daily, all data 12 (+1)  [-15-8]  7.66 (0.02) [7.6:7.73]  0.99 9
&H %0 Daily, winter (JJA) 24 (+2) [-30:-16] 7.49 (x0.04)  [7.39;7.64] 0.98 9.5
&H %0 Daily, spring (SON) 16 (+2) [-19:-12] 7.63(x0.03)  [7.56;7.7] 0.9 75
&H %0 Daily, summer (DJF) 12 (+2)  [16:-9] 7.54 (x0.04)  [7.46:7.63] 0.9 5.9
&H %0 Daily, autumn (MAM) -20 (+2)  [-28;-2] 7.48(+0.03)  [7.34;7.81] 0.98 9.4
&*H %0 Monthly, all data 3 (+2) [-1:7] 7.94(x0.04) [7.86:8.02] 1.00 35
&*H %0 Monthly, winter (JJA) -17 (+8)  [-36;-2]  7.62 (+0.14) [7.3;7.87] 0.99 2.8
&H %0 Monthly, spring (SON) 2(+4)  [12:6] 7.9(x0.07)  [7.7:804] 1.00 27
&H %0 Monthly, summer (DJF) 6(+6)  [17:5] 7.68(x0.14)  [7.43:;7.95] 0.99 3
&*H %0 Monthly, autumn (MAM) 3(£10) [-23;22] 7.89(+0.18)  [7.42:8.22]  0.99 2.8
&Hprec &"*Oprec Weighted monthly, all data 10 (3) [4;15] 8.1 (+0.06)  [7.99;8.21]  0.99 3.8
&Hprec &"*Oprec Weighted monthly, winter (JJA) -10 (£9)  [-24;-1]  7.74 (0.17) [7.57.93]  0.99 4
&Hprec &"*Oprec Weighted monthly, spring (SON) 5(#5)  [-3;17] 8.06 (x0.1)  [7.88;8.32] 1.00 2.9
&Hprec &"*Oprec Weighted monthly, summer (DJF) 5(7) [-16;17] 7.95 (x0.18) [7.45;8.24] 0.99 4
&Hprec " *Oprec Weighted monthly, autumn (MAM) 1(x6) [-10;14] 7.89(+0.11)  [7.65:8.14]  0.99 2.4
52H 5180 Annual 19 (+14)  [-3:41] 8.23(x0.26) [7.82;8.63] 0.9 0.9
5?Hprec §'80prec Weighted annual 27 (£16) [5:73]  8.48 (+0.35) [8:9.45]  0.99 1
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