
















































���������������	�����������������������	�����
�������
���������
�
�������
���
�������������������� �� �� �����������
�����������������������
���������	�����	�������������������������	�
������� � �
�����������	��
���������� �� �� �����������������	�����!�������	���������"���
�
�������������������������������
���������#���������������
���������������������������"���������������������������������$���%�&�'�%���(�����������)�������)��
�������������������������� �� �� ���������������*�������������)�&�����)������������������������ �� �� ���	�����
���������������	�����������������
�����������	�����������������*����

��
���

���
���

����
��	

���

��

��

�
���
�


�����
 �����
 �����
 �����


�
���
��

�
�����


�
������

���������������������������	����������

������������� �!���"�
���������"���#�$�������"�	��������� �����������
����

��
���

���
���

����
��	

���

��

��

�%���
 �%�� �
 �� ���
 �%���
 �
 ���
 ���
 ���
 �&�


���������������������������	���������� ���������������������������	����������

���������"�����$���$���	�������"���#�$�������"�	������������� �
���������������'� �
�����'��

������������

���	���
����

�����������������	

������������

���	���
����

�����������������	

������������

���	���
���� �����������������	

�
���
�


�
���
��

�
�����


�
������



1 

 

Tables 1 

Table 1. Cloud free (no DCC) and cloudy (DCC and other cloud present) percentages in the lidar-2 
radar profile data sample investigated in this study. Europe is defined as �����ƒ�1�±�����ƒ�1���������ƒ�:�±�����ƒ�(, and 3 
Africa is defined as ���ƒ�1�±�����ƒ�1���������ƒ�:�±�����ƒ�( (see Sec. 3 for details on subregions). 4 

Region Total number 
of observations Cloud-free 

Cloudy 

no DCC only DCC not only DCC 
Global n = 9,507,319 3.7% 89.2% 7.1% <0.1% 
Europe n = 289,537 2.5% 94.3% 3.2% 0.0% 
Africa n = 105,293 <0.1% 85.0% 14.9% <0.1% 

 5 
 6 
Table 2. Percentage of cloud types classified by the four methods as DCC, but not reported as DCC in 7 
CloudSat-CALIPSO observations. When more than one cloud layer occurred in a lidar-radar profile, 8 
the cloud type refers to the highest layer (i.e. the first to be observed when looking from a satellite). 9 
 10 

 Cloud type frequency (%) 
(Single layer) 

Cloud type frequency (%) 
(Multilayer) 

Method High As Ns Other High As Ns Other 

 Global 
IRW 16.6 44.4 38.8 0.2 64.6 35.2 0.1 0.1 
BTD 8.8 37.8 40.8 12.6 59.7 36.8 0.2 3.3 

TROPO 5.4 36.8 54.5 3.3 33.4 65.4 0.4 0.8 
ISCCP 1.1 24.1 70.6 4.2 60.3 37.1 0.2 2.4 

 Europe 
IRW 8.2 40.0 51.1 0.7 39.0 60.7 0.1 0.2 
BTD 5.0 37.9 48.2 8.9 45.4 52.4 0.1 2.1 

TROPO 5.7 35.8 56.4 2.1 29.6 69.9 0.2 0.3 
ISCCP 0.7 21.7 72.9 4.7 43.4 54.9 0.2 1.5 

 Africa 
IRW 17.6 52.1 30.4 0.0 65.9 33.8 0.1 0.2 
BTD 29.1 50.7 17.5 2.7 83.5 16.2 0.0 0.3 

TROPO 17.3 51.3 31.4 0.0 65.6 34.1 0.1 0.2 
ISCCP 3.2 42.3 52.9 1.6 74.7 24.9 0.0 0.4 

 11 

Table 3. Mean seasonal (June-July-August 2005) DCC frequency estimated using a fixed global 12 
threshold, and a latitude-adjusted threshold. �7�K�H���I�U�H�T�X�H�Q�F�L�H�V���D�U�H���J�L�Y�H�Q���L�Q���W�K�H���U�D�Q�J�H�����������!�����Z�K�H�U�H���µ�������¶��13 
indicates a DCC-�I�U�H�H���V�N�\���D�Q�G���µ�������¶��indicates DCC occurring consistently across the sky.  14 

Detection 
method 

DCC frequency with fixed  
(global) threshold 

DCC frequency with  
latitude-adjusted thresholds 

Full disc Europe Africa  Full disc Europe Africa  

IRW 0.021 0.009 0.076 0.033 0.021 0.051 
BTD 0.009 0.007 0.046 0.009 0.010 0.030 

TROPO 0.017 0.026 0.026 0.028 0.023 0.054 
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 15 
Table 4. Mean seasonal (June-July-August 2005) DCC frequency calculated using a fixed global 16 
threshold ���µ�5�H�I�H�U�H�Q�F�H���'�&�&���I�U�H�T�X�H�Q�F�\�¶�������D�Q�G��with thresholds increased and decreased by 1 K. Values 17 
given in parentheses denote relative change, in other words, the difference between the reference DCC 18 
frequency and the frequency after the threshold change, normalized with reference to the DCC 19 
frequency. The frequencies are given in the range <0,1>, where �µ0�����¶ indicates a DCC-free sky and 20 
�µ1�����¶ indicates DCC occurring consistently across the sky. 21 

Detection 
method 

Reference DCC 
frequency 

Simulated DCC frequency with threshold changed by: 

�í1 K +1 K 

 Full disc 
IRW 0.021 0.019 (�í11%) 0.023 (+8%) 
BTD 0.009 0.012 (+42%) 0.005 (�í37%) 

TROPO 0.017 0.015 (�í11%) 0.020 (+13%) 
ISCCP 0.027 - - - - 

 Europe 
IRW 0.009 0.007 (�í19%) 0.010 (+14%) 
BTD 0.007 0.010 (+43%) 0.004 (�í38%) 

TROPO 0.026 0.024 (-10%) 0.029 (+10%) 
ISCCP 0.034  - - - - 

 Africa 
IRW 0.076 0.072 (�í5%) 0.079 (+4%) 
BTD 0.046 0.056 (+22%) 0.034 (�í26%) 

TROPO 0.026 0.023 (�í10%) 0.028 (+10%) 
ISCCP 0.075 - - - - 
 22 

 23 

Table 5. DCC detection accuracy in the tropics (�“���� �ƒ�1). DCC are defined as merged CloudSat-24 
CALIPSO DCC + Nimbostratus classes (as in Yang et al., 2023), and with DCC alone (as in this 25 
study). The IRW method uses a threshold of 215 K, while the BTD method adopts a threshold of 0 K.  26 

Method 
Ns+DCC as reference Only DCC as reference 

Accuracy PoD FAR �� Accuracy PoD FAR �� 
IRW  61.2% 58.2% 38.0% 0.225 64.3% 66.4% 36.3% 0.286 
BTD  59.2% 44.9% 37.1% 0.114 63.3% 53.8% 33.8% 0.264 
 27 
 28 

Table 6. Percentage of observations (%; n=9,507,319) when either an error of omission (false negative 29 
DCC) or commission (false positive DCC) was detected. Results are given for three cloud co-30 
occurrence scenarios: no clouds (0 layers; 4% of cases), clouds only in one layer (32% of cases), and 31 
multilayer clouds (2+ layers; 63% of cases). The number of layers is according to CloudSat-CALIPSO 32 
observations. 33 
 34 

Method 
Commission error Omission error Errors 

(total) 0 layers 1 layer 2+ layers 0 layers 1 layer 2+ layers 

IRW 0.03 12.12 8.38 0.00 2.04 0.00 22.57 
BTD 0.77 14.13 8.29 0.00 1.62 0.00 24.81 
TROPO 0.15 11.41 3.71 0.00 4.46 0.00 19.73 
ISCCP 0.00 7.24 4.43 0.00 4.27 0.00 15.94 

 35 
  36 
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 37 
Figures 38 

 39 
Figure 1. Accuracy of DCC detections using the infrared window (IRW) method, the WV-IR 40 
brightness temperature difference (BTD) method, the IR-tropopause temperature difference (TROPO) 41 
method, and the ISCCP method. Accuracy measures are shown as a function of the selected threshold 42 
(horizontal axis), except for ISCCP which uses a single set of parameter globally. Kappa ��������values 43 
were multiplied by 100 to match the 0�±100% range. 44 
 45 
Figure 2. The optimal threshold for each method as a function of latitude (a�±c), together with 46 
corresponding latitude-resolved measures of accuracy. Kappa ��������values were multiplied by 100 to 47 
match the 0�±100% range. 48 
 49 
Figure 3. Mean seasonal (June-July-August 2005) DCC frequency, based on hourly Meteosat/SEVIRI 50 
data, and the methods evaluated in this study. Statistics were calculated using a fixed, global threshold 51 
(a�±c), and latitude-adjusted thresholds (d�±f); (d�±i) summarize zonally-averaged DCC frequencies. The 52 
�I�U�H�T�X�H�Q�F�L�H�V���D�U�H���J�L�Y�H�Q���L�Q���W�K�H���U�D�Q�J�H�����������!�����Z�K�H�U�H���µ�������¶���L�Q�G�L�F�D�W�H�V���D���'�&�&-�I�U�H�H���V�N�\���D�Q�G���µ�������¶���L�Q�G�L�F�D�W�H�V��53 
DCC occurring consistently across the sky. 54 
 55 
Figure 4. Mean seasonal (June-July-August 2005) DCC frequency as a function of the threshold 56 
applied to the DCC detection methods evaluated in this study. The frequencies are given in the range 57 
���������!�����Z�K�H�U�H���µ�������¶���L�Q�G�L�F�D�W�H�V���D DCC-�I�U�H�H���V�N�\���D�Q�G���µ�������¶���L�Q�G�L�F�D�W�H�V���'�&�&���R�F�F�X�U�U�L�Q�J���F�R�Q�V�L�V�W�H�Q�W�O�\���D�F�U�R�V�V���W�K�H��58 
sky. 59 
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