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Figure 6: Snow crystals collecting device. Source: Power et al. 

The device, a refrigerated metallic box, contained Gust like a movie 
projector) a motor and film spools. First, the film ran through a formvar solution 
then collected the snow crystals as they fell into the box. A ventilator then rapidly 
dried the solution, thereby fixing the crystals' print on the film. These samples 
were examined and photographed using an electronic microscope (the complete 
process is described in the original study). For a little more than 25 snowfalls of 2 
em or more without the occurrence of rain or blowing snow (to insure validity of 
measurements), density values (snow/water ratios) could be associated to the 
observed crystal shapes (or combinations of various crystal types). The presence 
of accretion or aggregation could also be determined. The measured snow/water 
ratio varied from 4:1 to 33:1 , averaging 11.8:1. Table 11 shows the different 
crystal types observed for different ranges of the snow/water ratio. 

Measured Snow/water ratio Crystal types observed 
23- + : 1 Stellar crystals 
18-22:1 Stellar crystals 
13-17:1 Stars, needles, mixed (i.e., stars+plates) 
9-12:1 Slightly rimed stars, plates, columns, mixed 
6-8:1 Densly rimed stars, rimed plates 
3-5:1 Ice pellets 

Table 11: Crystal shapes observed for different ranges of the snow/water ratio. 
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c) Study by P. Roebber eta/ (2003): 

This climatological study is part of a very detailed analysis on snow density 
which is entitled "Improving Snowfall Forecasting by Diagnosing Snow Density". 
This study also covers the snow/water ratio diagnosis and its impact on snow 
accumulation forecasting, which will be reviewed later. The climatological section 
of this study is quite meaningful, particularly as it shows similarities with the 
Quebec study presented in Section 2. 

The selection criteria are: a minimum of 5 em of snow/2.8 mm water 
equivalent and surface winds less than 20 knots (to eliminate data corruption 
caused by blowing snow). Also, each event had to occur close to 00 or 12Z 
(Universal Time) and close enough to a radiosonde station to enable a possible 
correlation of density measurements with other meteorological parameters such as 
temperature and humidity profiles and surface winds. The resulting sample 
includes 1650 snowfalls over a period of 22 years (1973-94) at 28 radiosonde 
stations (see Figure 7). 

'C:AR 

Figure 7: Radiosonde network used in the Study. Source: Roebber et al (2003). 

The measured snow/water ratios range from 2:1 to 47:1, with a mean ratio 
of 15:1. Figure 8 shows the number of cases observed in accordance with the 
snow/water ratios. Many valuable statistics were calculated using the 
climatological data; in particular, the observed ratios nearing 10:1 (i.e. 9, 10 and 
11: 1) represent only 14% of all events; once again, we observe the inaccuracy of 
the ten-to-one rule. 
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Figure 8: Distribution of observed snow/water ratios from 1650 cases. Source: Roebber et al 
(2003) . 

Figure 8 shows the 3 snow categories that were defined within this study: 
heavy, average and light snow. Table 14 presents the range of the snow/water 
ratios and the percentage of cases associated with each category. 

Snow cate2ory Snow/water ratio Proportion of cases 
Heavy < 9:1 14% 

Average 9-15:1 41% 
Light > 15:1 45% 

Table 14: Snow categories and their corresponding snow/water ratios. The third column shows 
the occurrence of each category (as defined in the study by Roebber et al, 2003). 

d) Conclusions: 

The different climatological studies that were reviewed confirm the 
significant variability of the snow/water ratio and, therefore, the inaccuracy of the 
systematic use of the ten-to-one rule. An undisputed relationship between snow 
density and the observed crystal type(s) has been established. The potentially 
significant role of accretion and aggregation on snow density was also 
demonstrated. The following section reviews in more detail the climatological 
results presented in Section 2. 
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Significant snowfalls (more likely to be included in the data bank used in 
this climatological study) often occur ahead of a low-pressure system and/or a 
warm front; they are therefore associated with low level circulations from the East 
quadrant (NE, E or SE). In this kind of weather pattern, YSC is much less windy 
than YQB or YMX because the last two are located in the St. Lawrence Valley, 
where the winds are channelled in a northeast circulation, a well-known 
phenomenon. Figure 9 shows the wind rose for the 3 sites. Note the significant 
difference in the mean wind speed in the East quadrant: at YSC the winds very 
rarely reach or exceed 10 knots (5% of cases) whereas they do, more or less, in 
25% of the cases at YMX and about 50% at YQB. The lighter winds observed at 
YSC decrease the potential for fragmentation of snow crystals and promotes 
higher snow/water ratios. 
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Figure 9: Wind roses for Sherbrooke (YSC), Mirabel (YMX) and Quebec City (YQB) airports. 
Source: MSC. 

Since YSC is located just west of the Appalachians, an easterly circulation 
is associated with light subsidence in the lower levels. This subsidence can 
postpone the formation of stratus clouds and inhibit the accretion process over the 
region. This is not necessarily the case at YQB and YMX where northeast 
circulations promote humidity and hygroscopic condensation nuclei advections 
from the St. Lawrence estuary. The potential for accretion would consequently be 
less at YSC, once more justifying higher snow/water ratios. 
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iv) Scofield/Spayd Diagrams 

The first diagram is based on the surface temperature while the second is 
based on the 1000-500 mb thickness. Both diagrams are quite similar to the two 
previously mentioned tools and exhibit the same weaknesses. 
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Figure 10: Diagrams showing the relationship between the snow/water ratio and the surface 
temperature as well as the 1000-500 mb thickness. Source: Scofield and Spayd (1984). 
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v) Trajectory Method 

This method is based on the climatology of snow/water ratios according to 
low-pressure system trajectories (see Figure 11). Note the influence of maritime 
air masses compared with continental ones, and the temperature regimes 
associated to different storm tracks in the American Midwest. 
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Figure 11: Mean snow/water ratios for different trajectories of low-pressure systems 

crossing the American Midwest. Source: NCEP Research Internet Site. 

Although quite valid, this approach would not be really useful in Quebec for 
diagnosing/forecasting the most probable snow/water ratio, especially on a case­
by-case basis. Even if we spent the necessary time and energy to develop this type 
of climatology for Quebec, it would not really lead to an accurate prognosis for 
any given case. Storms crossing the province give rise to quite a variety of 
scenarios (snow, ice pellets, rain, freezing rain, etc.) associated with one specific 
trajectory. Essential parameters such as the storm's intensity, the orientation of 
low-level jets, the time of year and even the intensity of the downstream high 
pressure system, can greatly influence the precipitation types and thus, snow 
density. 
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Figure 13: Precipitation types according to freezing level(s). Source: Derouin (1973). 

Another aspect left to be examined is the impact of a relatively warm 
ground on the density for each case in Table 28. Contrary to cases where the 
atmospheric temperature profile remains below the freezing point, the suggested 
snow/water ratios in relation to the two categories for unfrozen ground (Tground > 
0 and Tground >> 0) will not be exactly the same for all diagnoses (see Table 27). 
In Table 28, the cases are initially associated with relatively dense snow. The 
exact nature of the precipitation determines its melting potential. For example, if 
we compare 2 cases of heavy snow, a snow/ice pellets combination should melt 
less rapidly when fall ing on warm ground than would wet snowflakes. As another 
example, involving very heavy snow, we can compare ice pellets with a rain/snow 
combination; logically, ice pellets should last a little longer. Table 30 summarizes 
the most likely impact of ground temperature on diagnoses #18 to 25. 

59 



�����������	� 
��
������������������ ����������������������� �����
�������� �������������������� �������  �!"� ��#�$���%�$�%%�$� &�'(�)�*&(�&�'(�)�*&(�+,-� .�.�$���/� �0123�456�7�35!)�*� 5!! ��'*51� ��#�$���%�$�%%�$� &�'(�)�*&(�+,-�+,-� .�$�$��8$� �0123�456�7�35!)�9'��:51;�'*51� ��#�$���%�$�%%�$� &�'(�)�*&(�+,-�+,-� .�$�$��8�� �0123�456�7�35!)�'*51,5�����  �!"� ��#�$���%�$�%%�$� &�'(�)�*&(�+,-�+,-� .�$�$��88� �0123�456�7�35!)�5�����  �!"� ��#�$���%�$�%%�$� )�*&(�)�*&(�&�'(�)�*&(� <�<�.��8=� �>�!�"123� ��#�$���%�$�%%�$� )�*&(�&�'(�)�*&(�+,-� <�.�$��8.� �>�!�"123���  �!" ��#�$���%�$�%%�$� &�'(�)�*&(�+,-�+,-� .�$�$��8?� �0123���  �!"� ��#�$���%�$�%%�$� )�*&(�)�*&(�&�'(�)�*&(� <�<�.�@ABCD�EFG�HIJKJLMN�LOJP�QRSMTJIUML�RON�LOJPVPRSMI�IRSUJL�RQQJINUOT�SJ�TIJWON�SMXKMIRSWIM�YJI�MRQZ�NURTOJLUL�UO�[R\]M�̂_̀�[TIJWON�#�a�UXK]UML�YIJbMO�TIJWON�JI�R�LUTOUYUQROS�LOJP�QJcMI�de�̂f̀�QXg̀�[TIJWON�e�a�IMYMIL�SJ�SMXKMIRSWIML�\MSPMMO�a�RON�f�Jh�RON�[TIJWON��ee�a�SJ�SMXKMIRSWIML�R\JcM�f�Jh̀��� >��)*&��57�1!595�7�7599�'�1!��*"�"�29�"123�*��i4i *!521"�3)5�)��*1�2��i'��3)�1�!)��*5'�!�4��'*!i'��'5"�"�*j2&��!)��9'��:51;��251!k�-1�*7�li*!��"123,3*!�'�'*!52�)*"�j��1�"i;;�"!�7�92'��*�)�21�m�*��2'751;�!2�!)���'��5�5!*!521�!(��n"o�2��i''51;�*17�!2�!)��;'2i17�!�4��'*!i'�k�-�75*;'*4�"i44*'5:51;�!)�"��75*;12"�"m�* 21;�35!)�!)2"��92'��*"�"�3)�'��!)��!)�'4* ��'295 ��'�4*51"�j� 23�$�2pm��*1�j���21"i !�7�51�-���1756����k�� ��� q$



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

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

�
��������
�����������	�
���
�������
��������
��
�����
���� ��	
����!"#�����$�
����
����
�������
��
������
%�&��
����
�����
���������
�%���
����'

�������
%����
����
���
���������
������
���
������
�
���������	���
��������
����
�
�����
��
����
�������
�%
�
��
��������� (�����
�%�����
�
������	�
���
�����
�
�������������
����
��������
��
�����������	

���
����
���������

�������
��
������)���
�����
��������
����������*##�*�+������
���
�
����������
�
�����������
���	
�����
	��
��������)���
�����
�����,-�*����
����
�����������
%���������.
����
�����
�������
����
���
�%���
��	
���
������
�%����������������������������
���
�%���
���

�������������
��
���
����
��
����������
������
�
��
��
�
������������
����������
��
/�
���
�����������012����
��
�
�����������������$�
�������������
����������%
�
����������
����������������
������
������
���
3�

�
�%�,������2���������
���
������
���
��
�
��
�
�������������������
������
��������
��������������	�����

��������
��
�
�������������
�
��
���
���
�����
��������
�%�
3��
��
������������4���
���������'
�5�����4
�����
�������

�5���� $�	�
�"*����
��������
�
����$�	�
�,6����������
��
��
����������
�
��
������
�
�����������7��
�
����
��
�������������
���
�������������
��������
��
�%���
���
�������	
�����������
������
�
���%��
�����8
��
�
���
���	
�����
�
�
�����4�����
�
��5��
�%���
���
��������	
��
��9#�
���
������9,:���� ;<=>?@A<A�B�CDEF<G<H=H<@?�HIGE�J?@K�F=HE>@DI JL>>EAHEM�D=H<@#� ��
���������� N������
%��� ,-�� OPQRS�TUV�WXXYZY[\]̂�XY] \[_Y_�̀[a�Yb��bac_Z]̂_���� $�	�
�",�%���
�����
�,d�����
	�
��
�%���
�������
��������
���
�����
�
������������$�
����
�%����
����%
��
��������
�%������

�������
��
����������
%����������

����%%
��
������)���
�����
����1�
��
����
������������
���������&���
�
��%������������
���
���$%������e�#������$���
�
��
�
���
�����%
�
���
��
�������
���������
�
����
����
����
�%������
���
���
�
�����������
����
��
��������������
��
���������$�	�
��,:�����"#��
� d*



��� ���������	��
�����
����������	������	����������	������	������� �� ���������	��
��������������	�������������������	������� � �������� ����	���������!���"����	������	���#��$����%����!��������"����&$����&���&�������������'�������"���������"����������� �������(��)�	����&*������	�*��"�������	��������������#��$�����%������+�����,��&������������-���"����&$����&������&�����	�&"������"����&$����&����	��.&"*�	�&"������"����&$����&���	�&"��"��&������������+�������"������������ �������������&*������	�*��"�������	���������������#��$�����%����'����	�&�������/�&���������	�0�)�	���������&*����1"����	�*��"�����#��$�����%�������&$����	��������&���������	�"������0��������&*����1"����	�*��"�����#��$�����%��+���**	�*�����"���������&*����1"��������	�*��"�����#��$�����%����������(��	�&"0��	��.&"*�	�&"0�	�&"��&$����&������&������"����	��&��&������������ �����234�5
67���589 32
 53�2��"*�����	�0������&$����������&���������	��&�"0����	���&����&*"&�&��"�����	��&�"0��"�������������&���������	��&�"�/����&����$��"�&)���	�*��"���&�"��#��$�
����%���� �� ��!�����	&�����&$����	����������	&��������&�����"�	&����:;<=>�?@A�BCDEFGHI�DJ�KLM�NOCGDEP�QGOIHDPMP�ROPMQ�DH�SCTPKOU�DC�FCMSGFGKOKGDH�KTFMPV�OSSDCQGHI�KD�KLMGC�OPPDSGOKMQ�WMOH�PHDXYXOKMC�COKGDZ�[ICDEHQ\�]�GP�FCMPEWMQV�XLGSL�GP�IMHMCOUUT�KLM�SOPM�GH�̂EMRMSZ�[ICDEHQ�\�]�GWFUGMP�KLOK�KLM�ICDEHQ�GP�JCD_MH�DC�SDNMCMQ�RT�OK�UMOPK�̀Za�SW�DJ�PHDXZ�� bcded�fed�g�h�ifgj�kfjl�h��mdh�nohef�opmch��e�qdej�opmch�lg�k�rstuv��e�uwxyz�fg{�hcd�|�g{php�gl�fll�|pfhd{�kphc�hcdpe��||needg|d�fed�dflj�h��p{dghp}j~��g�hcd�|fld��}�opmch�lg�k�rstyvxyz��bf�od��u��e���ldl�����llp�pophpdl~���kdqde��{pfmg�ldl���fg{�y��fed�edofhpqdoj�efed�{nd�h��opiphfhp�gl�lnee�ng{pgm�hcd�|�g{php�gl�gdd{d{�}�e�hcdpe��||needg|d�rldd��d|hp�g�(�/�� �z~��j�|�i�fepl�g��{pfmg�ldl�yw�fg{�yv�rip�d{�|ejlhfol�kphc�lhdoofe�gn|odnl�fg{�lopmchoj�}efmidghd{�lhfelz��||ne�in|c�i�ed��}hdg~��cdg�fpe�fg{�me�ng{�hdi�defhnedl�edifpg��do�k�hcd�}edd�pgm���pgh��lpmgp}p|fgh�f||edhp�g��}�edofhpqdoj�{dgld�|ejlhfol�rip�d{�|ejlhfol�fg{�l�fhpfo�{dg{ephdlz�pl�ed�nped{�h���e�{n|d�cdfqj�lg�k�r{pfmg�ldl�y�fg{�vz~��� �d}�ed�kd�i�qd��g�h��hcd�gd�h�ln��ld|hp�g��hcd�edf{de�pl�edipg{d{�hcfh�{pfmefil�{dhfpopgm�hcd�}�ed|flh�fom�ephci�fed��e�qp{d{�pg����dg{p�����~��pmned�y��lniifep�dl�phl�if��e�lhd�lx�� �u



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

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

�����	��
��������

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

 ������%�&'����()��� ������������� ������� ��� ����������� ��*���� � � � � � � � � � �� � � � � � � � ���������������������������������������������� � � � ��� � � � � � � � ��� � � � � � � � ����+,�-�&� ���+,�.�&�� � $�
��
��� ���������	��
������ � 
���������
�������
		��	�

��������!/!
�����
�
��� � � � ��"�����
�����#��
���#	��� ����������������������������������������������������������������������������
�����
� �����
����(0��� � ��������������������������������������������������� � � � � � ��������� � ����1�  ���������!/!
�����
�
���� $�
��
���	�������/
�����
�#����
����	���
��	���������
�����
� ����+,�222�� � �����!�����
�#�!
������	����������� � � � ��#��
���#	����

 ������%�&����&.���������� 345678�9:;�<=>?@�ABCDA�?E�BFC�AG?HIH=BC@�@=BJ?�E?@CK=AB�=LM?@JBFNO����� �� )0



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

���,���	��	��������������������	���������
�	

	��������	����	��	��	�����	��	����
�
	����-��.��/��
������	�	����������	�������	�����������	��
����	��0�������
���������������	�����
	������	�
���1���	�����������	��
������	

�
+��	�	����������	���+
���������	���	������������+�	2
3���
���	���
	���+�
	������
�

	)�	���+�	������	���	�����	������
�
��������������	����������������	�����������	�����
��4�����	
�����	�����������������������
	���	�
��������5��	�����67����	�	���
	
�
����	
���	���	
	��	��������8!&$$9$�:;�&<$�=>?@���� /�	��	����������

A
	�����
�������
�	������	�B5C�A�������	����
���+�
+
�	�
���������)���*�DA���	�
��������
����E�����������	��	��	�����	���������+������	����������������	��
��/�	
	���	��
	�������������
������	��+�	������+
������������
��	����
���	�����	������
�
�����������������	����������	�����
�������������	���	�	�����������
+
�	���F���	���	����	�G
��������	�����������
	���
���+	�������	
	����

A
	�����
�����	��
����	
��
�����
����	��
�����������
������E�������������	��
������������	�������������
����
��
	����
���	�����	��������������������	�	������
�������	������	�	����	���	��	�	����������	���������������	�	���	������	�	���	�
���1���	��������������
�
1���	��
������	

���� BF.G
�H�	
	��I	�������
�������	����J�����K���������������	
��������	�	���	
���	�������������������
���+�����	)���	����	��
��5
�������	���	����
�������	�����	
�������

A
	�����
�����
	����������5��	�����67����L��8M�#";&M& N9O"$�'�;&&M$��� 5
�
		�����F	������P�QR�SR�2���T	����+��	����3�����
��+�	�����������
������	����	�������������	�������	
��������
�����	����	�+��
	�����	������������
	A
+A��
	�
�
�
��B��	��	������	��	�	����	������
��������
��������	�	

����	�������	�����������������������	��.������+����������������
�����
		�
����	�	�����	����������	����	�
	��������������	������	������
	������������2
		�F	�����
�U�����V3�����	�������
�	������	�����	�	��+��������������+A
�
	������
��� WX



v) Others 

Other products can potentially assist in the application of the algorithm, or 
in some of its associated tests. For example, the potential for accretion (or 
occurrence of supercooled water droplets) is already addressed on CMC charts 
from the GEM model's "AVIATION" package, as shown on Figure 15 below. 

Figure 15: CMC chart showing forecast areas of supercooled water droplets. Source: MSC. 

The fact that the accretion process is already parameterized in some way 
might eventually facilitate the integration of the snow/water ratio forecast 
algorithm within numerical models. 

Another example (Figure 16) involves CMC experimental back trajectory 
charts. These charts can also facilitate the evaluation of accretion potentials as 
they provide a way of determining the origin of an air mass in the low-levels, 
hence some of its characteristics (i.e. continental or maritime, presence of 
hygroscopic nuclei, orographic lift or subsidence, etc.). Figure 16 compares back 
trajectories in two adjoining regions: Beauce (top) and Mauricie (bottom). The air 
mass affecting the Beauce region originates from the South-South-East (Gulf of 
Maine) and possesses maritime characteristics, whereas the one affecting the 
Mauricie region comes from the North-West and has continental properties. 
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cnc ZDOZ 09 ZB 12Z 
PRIVISIOB DK RKTROTRaJKCTOIIZS 
B&CE TRAJECTORY JORKCAST BKaUCI 

DPD.I!tli:IIT8L 

~1DDDBPA 
............ SZ!IBP_A 
............. 815DIIJfA 

+----4 1000BP8 
1t---1 9ZIIBP8 
............. 85DBP8 

Figure 16: CMC Experimental chart showing low-level back trajectories for 2 different regions 
(top, Beauce; bottom, Mauricie). Source: MSC. 

There are certainly other available products or existing techniques that could 
facilitate the application of the algorithm. But describing all of them is not one of 
the present study's main objectives. We will now conclude this section before 
addressing the forecast algorithm's verification. 
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1. Use of tephigrams I hodographs: 

Case #1.1: WMW, OOZ I December 28,2000 
,· ...... ,.,_ / 

Despite the absence of information about vertical motion, we can 
reasonably say that the above tephigram shows a thermal profile favourable to the 
growth of stellar crystals (stars). The air temperature remains under the freezing 
point, generally in the range of - 12 to - 18 °C inside the cloud (base -2500 ft and 
top - 10,000 ft). Applying the algorithm (diagram G) leads to the following 
diagnosis: 

• Tground < 0 °C (end of December); 
• No significant accretion (too cold); 
• No significant sublimation (T-Td - 3 °C under cloud base) 
• Very slight fragmentation (5 < Vmax ~ 15 kt, according to hodograph) 

=> Diagnosis #16: R=20 

This corresponds quite well to the observed ratio: 7.2 em I 3.3 mm ~ R=22 
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Case #1.2: WMW, 12Z I December 14,2000 

This is a similar case, i.e. the temperature profile is again favourable to the 
formation of stars ( - 12 to - 18 °C). Using the appropriate section of the algorithm 
(diagram G) leads to the following diagnosis: 

• Tground < 0 °C (mid-December) 
• No significant accretion (too cold) 
• No significant sublimation (T-Td < 3 °C) 
• Slight fragmentation (15 < Vmax :::;; 25 kt, according to hodograph) 

::::> Diagnostic #15 : R=l5 

Which comes close to the observed value: 9,2 em I 7.2 mm --+ R=13 
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Case #1.3: WMW, March 5, 2001 

The radiosonde data from March 5th at 12Z (above), which was collected 
prior to the snowfall of interest, indicates the presence of very dry air in the lower 
levels. The hodograph below (March 6th at OOZ), representative of the conditions 
on March st'\ shows warm air advection over Maniwaki (northeasterly surface 
wind gradually veering to southerly aloft). 

\ / 

/ 

/ 
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Following is the tephigram for March 6th at OOZ (12 hours later): 

It shows a significant moistening of the air mass in the lower levels. Since 
northeasterly surface winds generally tend to drain dry air over this area, it can be 
inferred that air saturation was produced by evaporation or sublimation of 
precipitation falling from mid-level clouds. This situation is really not favourable 
to the accretion process. Also, the T and Td profiles indicate supersaturation with 
respect to ice but not necessarily with respect to water, hence the dominant 
occurrence of snow (little or no supercooled water). The OOZ thermal profile 
indicates temperatures of - 12 to -18 °C at mid-levels (10,000 to 16,000 ft) and 
somewhat higher temperatures (-9 to -12 °C) in the lower atmosphere. Using the 
crystal type diagnostic table, mixed crystals with stellar nucleus are determined 
the most probable. Given frozen ground (which is still snow-covered at the 
beginning of March), we proceed with the snow/water ratio diagnosis using 
diagram F: 

• No significant accretion (too cold) 
• No significant sublimation (T-Td < 3 °C) 
• Slight fragmentation (Vmax :::;; 25 kt, according to hodograph) 

=> Diagnosis #10 : R=15 

This matches quite well the observed ratio: 10 em I 6.8 mm ~ R=14.7 
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Case #1.4: WMW, February 10,2002 

This case is similar to the previous one: same site, corresponding hours of 
the day, time of year and QPF. Also, the same type of crystals is present. First, let 
us look at the radiosonde data for February 101

h at 12Z i.e., close to 12 hours 
before the event: 

The observed humidity profile suggests the presence of low-level and high­
level clouds. Marginally favourable to snow, this looks more like a freezing 
drizzle pattern: saturated layer between - 3 and - 7 °C and moderate northerly 
winds in the low levels (see following hodograph) producing a light orographic lift 
in the area. 
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The following tephigram shows the conditions on February 11th at OOZ: 

Note that, as opposed to case # 13, the air is entirely saturated with respect to water 
in a significant layer (2000 to 9000 ft), where temperatures vary approximately 
between -7 to -10 °C. Contrary to the preceeding case, saturation of the air mass 
is not the sole product of evaporation/sublimation of precipitation but rather, of 
humidity advection. This meets the significant accretion criteria previously 
established. This option will therefore be selected in the snow/water ratio 
diagnosis. Again, the thermal profile seems to favour the growth of mixed 
crystals with stellar nucleus (-12 to - 18°C in the upper part of the clouds, 
followed by milder temperatures -7 to -12 °C underneath). Diagram F will 
therefore be used: 

• Significant accretion 

=> Diagnostic #7 : R=lO 

This agrees with reality: 8 em I 8.6 mm ~ R=9.3 

Note: Freezing drizzle was in fact observed. Moderate clear icing was reported 
(PIREP) in the Maniwaki area during the event. 
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2. Use of cross-sections (MAX): 

Case #2.1: March 16,2002 

Let us examine a low-pressure system that affected the central and eastern 
parts of Quebec on March 16, 2002. The following figures show the precipitation 
patterns, as forecast by the regional GEM model shortly before the event. 

The following East-West vertical cross-sections cover the snow area, from 
the Saguenay region (YBG) through the Lower St. Lawrence region and the Gaspe 
Peninsula (YGP), as identified by the arrows on the above figures. 
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lower than the first (850 mb ), suggests milder growth temperatures ( -5 to - 12°C) 
and the formation of a different type of snow crystals, namely "mixed crystals". 

Despite high relative humidity and mild temperatures in the low-level 
clouds, conditions are not favourable enough to cause significant accretion. 
Relatively dry conditions before the event show that the air mass probably 
moistened by the sublimation of snow crystals rather than by humidity advection. 
This somewhat decreases the possibility of observing supercooled liquid water in 
the clouds, hence significant accretion of snow crystals, at least for the first 
portion of the event (from 18118Z to 19/00Z). The occurrence of accretion over 
YUL is far more likely after 19/00Z. However, the relatively unstable thermal 
profile leads us to believe that sustained accretion over a significantly deep layer is 
doubtful. An isothermal profile would have been a better indicator of significant 
accretion. 

Although possible in the Estrie region (YSC) given the low-level 
subsidence, the sublimation of crystals was not a significant factor in the Montreal 
region (YUL). Except for the first few minutes at the onset of precipitation, 
relative humidity in the lower levels was greater than 80% throughout the event. 

Based on the forecast hodograph for Montreal (below), the maximum 
forecast winds in the lower levels did not exceed 25 kt during the event; we can 
therefore conclude that there was little fragmentation in occurrence. 

Montreal, March, 19, OOZ 
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