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This study is based on measurements of surface meteorological parameters, downward longwave irradiance (DLI), infrared zenith sky brightness temperature in the 9.6-11.5 um spectral
interval (IBT), and integrated water vapour (IWV), carried out at the Thule High Arctic Observatory (THAAO, http://www.thuleatmos-it.it/) from June 2016 to February 2018.

The Observatory is located on South Mountain at 220 m a.s.l. in proximity of the Thule Air Base (TAB, 76.5 °N, 68.8° W). The instruments have been installed in July 2016 in the frame of the
intensive campaign of the SVAAP (Study of the water Vapour in the polar AtmosPhere) project on the roof of the Observatory, which provides a view free of obstacles and have been operated
during the OASIS-YOPP (Observations of the Arctic Stratosphere In Support of YOPP) project.
The main goal of the work is to investigate the accuracy of the exiting parametrizations of the clear-sky DLI in an Arctic environment using different and increasing information on the
atmospheric characteristics. For the parametrization of the zenith sky radiance only surface meteorological observations have been used.

INTRUMENT AND DATA e

Instruments are installed on the roof of the Observatory, which provides a view free of " 280;
obstacles. — 260 | -
Air temperature (T) and water vapour pressure (e) at surface are measured by a HC2S3 240 oo R MW
Campbell probe and acquired every 10 minutes by a Campbell Scientific datalogger model & Z
CR200X. = 4 | i
DLI and IBT are respectively measured by a ventilated Kipp&Zonen CGR4 pyrgeometer (s.n. _ o—Fp——+— 2 T SR,
120550) and by a KT19.85 II Heitronics Infrared Radiation Pyrometer (IRP, s.n. 3479); they § 300 T T 1
are collected each minute by a Campbell Scientific datalogger model CR10X. = 200 L 1
The CGR4 pyrgeometer was installed in 2013 and calibrated on site in 2016 by comparison = 100} ]
with a reference pyrgeometer. The accuracy of the measured DLI is about + 5 Wm™. < 232
The KT19.85 II Heitronics pyrometer was modified by the costumer extending the o 150 | i
measurement range from -150 to 300 °C; however it has to be taken in mind that = 20
measurements are calibrated down to -100 °C. The IRP is installed on a hatch of the roof & :g 3
directly pointing to the zenith. The overall accuracy of the pyrometer in the calibrated range § 5 | -

From the top to bottom: the CGR4
Kipp & Zonen pyrgeometer; the
KT19.85 Il Heitronics Pyrometer;

is estimated in +1.3 K for the operational conditions at THAAO.

IWV data are retrieved from the measurements of a RPG HATPRO-G2 microwave radiometer.
Zenith brightness temperatures are sampled at 2 s resolution and then averaged over one
minute. The 7 K-band channels characterized by low atmospheric opacity, are calibrated
using the “tip curve-calibration” method implemented by the costumer. The values of IWV
are estimated using a statistical multiple linear regression approach developed using 2250
high resolution radiosoundings from Arctic stations, which provides the regression
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Figure 1. Time series of T, e, DLI, IBT, IWV. The data
behaviour clearly depicts the annual cycle. The high
frequency and strong variability of DLI and IBT is due to
the presence of clouds. Spikes of IWV values are due to
episodes of rain and deposition of water over the radome

thg. HATPRO-GZ microwave ., atficients to derive the IWV and the temperature profiles from the measured brightness  not sufficiently cleaned by the dew blower.
radiometer temperatures. In terms of RMSE the IWV expected accuracy is = 0.2 mm (or kg/m?).
CLEAR SKY SELECTION

Simultaneous measurements from the pyrgeometer and the pyrometer are used to define the clear sky periods.
For optically thick clouds the signal of the pyrometer provides a measure of the cloud base temperature, while for optically thin
clouds the signal is the result of the infrared radiance emitted by the cloud and that from the atmosphere below and above the

cloud.

In both cases the presence of clouds in the narrow FOV of the pyrometer has two main effects: 1) a higher variability of the signal

with respect to the background signal, 2) an increase in the IBT observed from the pyrometer.
To determine the clear sky periods the following procedure has been used:

1) Calculation of the 15 minutes running mean and standard

2) Selection of the potential clear sky observation (PCSO1), i.e. the observations presenting a 15 minutes standard deviation lower  °'# &
than a threshold increasing for decreasing IBT ( IBT . esnoiq = 1.0 + [ 10. / (Tb-122.5)%8 ]) and values of Tb lower than 210 K (see FPRI B e S S P G-

Figure 2).

3) Identification of a clear sky observation when more than 45 observations (i.e 45 minutes) in a period of one hour are PCSO1.

DATA ANALYSIS AND RESULTS

deviation of the IBT acquired each minute.
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Figure 2. Scatter plot of mean and standard deviation
IBT values.

[t is common to formulate the DLI using the Stefan-Boltzmann law, DLI = € 6T* where € is the sky effective emissivity, o is the Stefan-Boltzmann constant and T is the air temperature.

The performance of the existing and of the implemented parametrizations has been evaluated comparing the time series of the parametrized (p) and measured (m) values and evaluating
different statistical indicators: the bias, the standard deviation, the skewness, the kurtosis of the difference d = p-m, as well as the squared linear Pearson correlation coefficient (R?), the
intercept and the angular coefficient of the linear fit between p and m.
The skills of the parametrizations are evaluated using the Kling-Gupta Efficiency (KGE, Gupta 2009) and the Taylor formula (T, Taylor, 2001) .

The KGE coefficient includes the effect of the correlation, the bias and the variability: KGE = 1 — \/ (r—1)? + (a* — 1)? + (B? — 1)* where ris the coeff. of correlation, a is the variability
error (ratio between the standard deviations of m and of p), and [ is the bias error (ratio between the mean value of p and m).

4-(14r%)
(s+1/5)%2 - (1+1p)*

The Taylor’s formula: Tsrin =

includes the ratio of the parametrized and measured variance (s) and the maximum correlation attainable, here r, = 1.

The results of the analysis are summarized in the table below. The parametrizations are presented considering the variable used (i.e. only T, e and T, only IWV, and T and IWV). The last raw
shows the result for the parametrization of the IBT. The first and the second best performances for each statistical indicator are respectively highlighted in red and purple. The green value
indicates the best performance achieved considering the different parameters used.

AUTHORS FORMULA VARIABLES AUTHOR'S PARAMETERS OPTIMIZED PARAMETERS FOR THULE ENVIRONMENT

BIAS STD R2 INT  Slope Skewness Kurtosis KGE T, BIAS STD R2 INT Slope Skewness Kurtosis KGE T

IDSO_JACKSON, 1969 e =1-A-exp[B-(273-T)*] T 24.45 14.45 0934 8293 0.69 -0.09 -0.64 0.73 0.87 0.05 8.74 0.961 1436 0.92  -0.66 4.13 0.942 0.959

SWINBANK, 1963 e =A-T? T -6.14 12,90 0.961 -36.79 1.16 0.43 1.78 0.80 0.93 0.00 8.24 0.965 6.71 0.96  -0.82 5.60 0.975 0.965

ABRAMOWITZ et al., 2012 DLI=(A+B-e+C-T) T 35.74 11.41 0.963 75.66 0.79 -0.51 0.28 0.73 0.92 0.00 7.25 0.973 5.16 0.97 -1.32 8.58 0.981 0.973

IDSO, 1981 e=A+B-10°- e - exp(1500/T) eT 16.29 8.12 0971 9.45 1.04 -0.93 6.40 0.90 0.97 -0.50 7.53 0.971 3.03 0.98 -1.21 7.44 0.985 0.971

BRUTSAERT, 1975 € =A-(e/T)8 e,T -16.04 1335 0.974 -58.18 1.22  0.10 0.60 0.74 0.93 0.84 18.04 0.974 -63.81 1.34  0.31 -0.35 0.635 0.885

S JIN at al., 2006 €=[A+B-(T-273.16)+ C - (T-273.16)?] - (e/T)/7 e,T 6.21 8.14 0.968 24.50 0.91 -0.73 3.20 0.92 0.96 0.03 7.06 0.974 5.49 0.97 -1.38 7.74 0.984 0.974

. KONZELMAN at |., 1994 ge=A+B (e/T)"® e,T -52.58 11.68 0.972 -7.64 0.77 -0.26 -0.22 0.65 0.91 -6.26 7.46 0.971 -0.57 0.97 -1.17 7.51 0.962 0.971

SATTERLAND, 1979 e=A-[1-exp(-e"/B)] e,T -0.01  10.28 0.965 33.57 0.82 -0.48 092 0.84 0.94 0.03 7.64 0970 2.76 099 -1.08 7.23 0.984 0.970

PRATA, 1996 €=1-(1+IWV)-exp [-(A+B-IWV)] IWV 5.09 /.10 0.973 10.67 0.97 -1.22 9.37 0.97 0.97 0.23 6.44 0.979 0.91 1.00 -1.66 14.84 0.982 0.978

ZHANG et al. 2001 DLI = (A + B- In IWV) IWV 40.69 48.63 0.921 -141.67 1.96 -0.31 -0.38 -0.07 0.57 -0.33 12.16 0.921 14.61 0.92  -0.50 1.13 0.946 0.921

DILLEY_A et al., 1997 € =1-exp {-1.66 - [A + B:(T/T,) + C- (IWV/IWV,)*/2] } T, IWV -0.13 745 0978 23.18 0.88 -0.90 4.47 0.90 0.97 0.28 6.20 0.980 5.70 0.97 -1.74 14.44 0.988 0.980

DILLEY_B et al., 1997 DLI = [A + B+(T/T,)+ C-(IWV/IWV,)/2 ] T, IWV -0.05 6.45 0.981 15.74 0.92 -1.43 9.80 0.94 0.98 0.00 6.03 0.981 6.12 097 -1.88 15.23 0.986 0.981

IBT AHN et al., 2015 Tb=T-exp[A+B-(e/T)+C-(e/T)?] e,T -536 6.16 0.70 -102.82 1.53 -1.78 886 0.31 0.55 -0.01 3.40 0.70 33.09 0.82 -1.75 11.85 0.82 0.71
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