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Abstract. Snow water equivalent anomalies (SWEA) measured around April 1 by 
stations in the Columbia basin area in British Columbia, Canada, were studied for their 
interannual variability during the period 1950-1999, particularly in relation to E1 Nifio/La 
Nifia events and to high and low Pacific-North American (PNA) atmospheric circulation 
patterns. Composites of the SWEA showed that SWEA were negative during E1 Nifio 
years, positive during La Nifia years, negative during high PNA years, and positive during 
low PNA years. High PNA appeared to have the most impact on the SWEA, followed by 
La Nifia, E1 Nifio, and low PNA. In the Columbia basin area, La Nifia effects (relative to 
E1 Nifio effects) on SWEA decrease northward and eastward but strengthen with 
elevation. Composites of the Pacific sea surface temperature anomalies (SSTA) during the 
10 lowest SWEA years revealed weak signals, with E1 Nifio warm SSTA present only 
during spring and early summer in the preceding year and the SSTA pattern consistent 
with a high PNA present by fall and winter. In contrast, composites of the SSTA during 
the 10 highest SWEA years showed strong La Nifia cool SSTA starting around May in the 
preceding year and lasting onto winter. 

1. Introduction 

In western Canada, the province of British Columbia gen- 
erates 90% of its electricity by hydropower, of which 45 % came 
from the Columbia River. The interannual variability of the 
accumulated snow in the Columbia basin affects the water 

supply and hence the hydropower from this river. The purpose 
of this paper is to examine the interannual variability of the 
accumulated snow in the Columbia basin, in relation to E1 
Nifio-Southern Oscillation (ENSO) events and to the Pacific- 
North American (PNA) atmospheric circulation pattern. 

For the western United States, relations between tempera- 
ture, precipitation, and streamflow and ENSO and PNA have 
been found [Redmond and Koch, 1991]. Impacts of ENSO on 
the Canadian temperature [Shabbar and Khandekar, 1996] and 
precipitation [Shahbar et al., 1997] have also been studied. 
Significant correlations were found between North American 
winter snow cover and the PNA and North Atlantic Oscillation 

(NAO) indices [Gutzler and Rosen, 1992]. In a study of the 
Canadian snow cover the west coast winter snow cover was 

found to be much more strongly related to PNA than to ENSO 
[Brown and Goodison, 1996]. Interannual variability of snow- 
pack in the western United States was also found to be low in 
winters with high PNA index [Cayan, 1996]. 

In many previous studies, linear measures (e.g., correlation) 
were used which did not distinguish between ENSO warm (El 
Nifio) and cold (La Nifia) events nor between high PNA 
(strong Aleutian Low) and low PNA (weak Aleutian Low) 
conditions in the atmosphere. In this study, we also used com- 
posites, which tend to bring out the asymmetry between E1 
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Nifio and La Nifia events and between high and low PNA 
conditions. The outline of this paper is as follows: section 2 
describes the data used, section 3 describes the influence of E1 
Nifio and La Nifia events, and section 4 describes the influence 
of high and low PNA on accumulated snow in the Columbia 
basin. Section 5 presents the sea surface temperature (SST) 
composites during high/low snow years. 

2. Data 

The ENSO index used was the Nifio 3.4 region (5øN-5øS, 
170ø-120øW) SST anomalies (SSTA), as computed by National 
Oceanic and Atmospheric Administration (NOAA). From 
1950 to 1999, NOAA monthly SST fields [Reynolds and Smith, 
1994; Smith et al., 1996] were obtained for the Pacific. The 
original 2 ø by 2 ø resolution SST data were combined into 4 ø by 
4 ø gridded data. The NOAA PNA index was the standardized 
amplitude from a rotated principal component analysis of the 
700 mbar height anomalies [Barnston and Livezey, 1987]. 

In the Columbia basin, 20 stations with long records of snow 
water equivalent (SWE) data collected around April 1 of each 
year were selected (Figure 1 and Table 1). Three other high- 
elevation stations in the vicinity (Yellowhead, McGillivray 
Pass, and Park Mountain) were added to supplement the rel- 
atively few high-elevation stations with long records. All sta- 
tions in Table 1 have records dating back to at least 1950, 
except for Mount Abbot, Koch Creek, Whiterocks Mountain, 
McGillivray Pass, and Park Mountain. The record for Revel- 
stoke stopped after 1995, while those for Mount Revelstoke 
and Park Mountain also stopped after snow pillows were set 
up. Snow pillow data were used for Mount Revelstoke from 
1998 to 1999. For Park Mountain the snow pillow data (scaled 
by 1.119 for better match with the old station data) were used 
for 1996-1999. 
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Figure 1. Map of the British Columbia snow stations used in 
this study. The open squares indicate the low-elevation stations 
(elevation <1000 m), and the open circles indicate the medi- 
um-elevation stations (1000 m -< elevation < 1700 m). The 
solid triangles and diamonds denote high-elevation stations 
(1700 m < elevation), with the triangles lying within the Co- 
lumbia basin (bounded by solid curve) and the diamonds out- 
side the basin. The number beside the symbol gives the station 
number, as listed in Table 1. 
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Figure 2. (a) The average Columbia basin snow water equiv- 
alent anomalies (SWEA) at April 1 of each year and (b) the 
winter Nino 3.4 sea surface temperature anomaly (SSTA) (sol- 
id curve) and the winter Pacific-North American (PNA) index 
(dashed curve), where winter is defined so that winter 1999 
means December 1998 to February 1999. All variables have 
been normalized by the standard deviation before plotting. 

There were very few missing data, which were interpolated 
using values from adjacent months (e.g., March 1 or May 1). 
The stations, with the years of interpolated data given in pa- 
renthesis, are Field (1995), Mount Revelstoke (1955 and 
1992), Kicking Horse (1995), Whiterocks Mountain (1954 and 
1957), Yellowhead (1952 and 1957), McGillivray Pass (1955), 
and Park Mountain (1981). 

The standardized SWE anomalies (SWEA) from the 20 sta- 
tions in the Columbia basin were averaged together to yield an 

average Columbia basin SWEA (Figure 2a) for the period 
1950-1999. Integrating the autocorrelation function yielded an 
integral timescale of 1.62 years; hence the effective number of 
degrees of freedom is 31. For comparison, the winter (Decem- 
ber-February) Nifio 3.4 (SSTA) index and the winter PNA 
index are shown in Figure 2b. Both the SWEA and the PNA 
display noticeable decadal-interdecadal-scale variability in Fig- 
ure 2. The general decline in SWEA from 1950 to 1963 coin- 

Table 1. List of Stations 

Station 

Elevation, Latitude, Longitude, 
Number Name m øN øW Years Mean a SD a Nifio a Nifia a Hi pa Lo pa 

1 Canoe River 910 52047 ' 119017 ' 1950-1999 120 63 -43 48 -65 42 
2 Glacier 1250 51o15 ' 117o30 ' 1950-1999 730 144 -73 45 -96 46 
3 Field 1280 51o23 ' 116o31 ' 1950-1999 149 46 -31 8 -29 10 
4 Mt. Revelstoke 1830 51o02 ' 118o09 ' 1950-1999 1227 212 -100 153 -145 57 
5 Kicking Horse 1650 51o26 ' 116o21 ' 1950-1999 362 70 -40 22 -42 22 
6 Mt. Abbot 1980 51o42 ' 117o30 ' 1959-1999 1248 264 -122 172 -176 100 
7 Revelstoke 560 50o59 ' 118o13 ' 1950-1995 235 110 -60 58 -92 88 
8 Koch Creek 1860 49o43 ' 117o59 ' 1959-1999 759 158 -40 108 -107 67 
9 Sinclair Pass 1370 50o40 ' 115o58 ' 1950-1999 137 53 -27 14 -42 16 

10 Sullivan Mine 1550 49o43 ' 116o01 ' 1950-1999 344 93 -50 56 -68 60 
11 Marble Canyon 1520 51o12 ' 116o08 ' 1950-1999 358 89 -48 54 -68 26 
12 Upper Elk River 1340 49o59 ' 114o55 ' 1950-1999 124 68 -30 46 -61 45 
13 Ferguson 880 50o41 ' 117o29 ' 1950-1999 590 122 -46 48 -93 52 
14 Nelson 930 49o25 ' 117o14 ' 1950-1999 400 100 -31 65 -95 72 
15 Gray Creek (lower) 1550 49o37 ' 116o41 ' 1950-1999 477 102 -66 66 -94 52 
16 Monashee Pass 1370 50o05 ' 118o30 ' 1950-1999 345 69 -38 16 -60 30 
17 Trout Creek 1430 49o44 ' 120o11 ' 1950-1999 181 68 -37 53 -56 35 
18 Summerland Reservoir 1280 49o49 ' 120o01 ' 1950-1999 228 70 -29 49 -58 32 
19 McCulloch 1280 49o47 ' 119012 ' 1950-1999 162 50 - 19 36 -51 27 
20 Whiterocks Mountain 1830 50o01 ' 119o45 ' 1953-1999 571 164 -35 117 -99 83 
21 Yellowhead 1860 52o54 ' 118o33 ' 1950-1999 509 123 -51 44 -69 -2 
22 McGillivray Pass 1800 50o41 ' 122o36 ' 1952-1999 639 170 -52 118 -53 21 
23 Park Mountain 1890 50o27 ' 118o37 ' 1957-1999 912 164 -83 132 - 114 75 

a The April 1 snow water equivalent (in 10 -3 m), standard deviation, and composites during E1 Nifio, La Nifia, high Pacific-North America 
(PNA), and low PNA years, respectively. 
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cided with a general increase in the PNA during this period, 
the enhanced SWEA from 1965 to 1976 coincided with rather 

low PNA, and the low SWEA from 1977 to 1987 coincided with 
high PNA. From the linearly detrended data, the Spearman 
rank correlation was -0.41 between SWEA and Nifio 3.4, 
-0.57 between SWEA and PNA, and 0.40 between Nifio 3.4 
and PNA. With 31 effective degrees of freedom, the 1% sig- 
nificance level for the rank correlation is at 0.42, and the 5% 
significance level is at 0.30 [van Starch and Zwiers, 1999, Ap- 
pendix K]. Hence these three rank correlation values are all 
significant at the 5% level, and that between SWEA and PNA 
is significant at the 1% level. For comparison, the Pearson 
correlation (which is less robust than the Spearman rank cor- 
relation) is -0.44 between SWEA and Nifio 3.4, -0.57 be- 
tween SWEA and PNA, and 0.43 between Ni•o 3.4 and PNA. 

For our composite studies later, we need to designate some 
winters as E1 Ni•o winters and others as La Ni•a winters. 

Using ñ0.75øC in the winter Nifio 3.4 index as the threshold 
for defining E1 Ni•o/La Nifia winters, we obtained 13 E1 Ni•o 
winters (1958, 1964, 1966, 1969, 1970, 1973, 1977, 1983, 1987, 
1988, 1992, 1995, and 1998) and 10 La Nifia winters (1950, 
1955, 1956, 1971, 1974, 1976, 1985, 1989, 1996, and 1999) 
during the period of 1950-1999, where for brevity, we used 
1958 to denote the 1957-1958 winter. Similarly, using ñ0.5 
standard deviation as the threshold for defining high/low PNA 
winters from the linearly detrended winter PNA index, we 
obtained 13 high PNA winters (1958, 1960, 1961, 1963, 1970, 
1977, 1978, 1981, 1983, 1986, 1987, 1992, and 1998) and 14 low 
PNA winters (1950, 1952, 1956, 1965, 1966, 1969, 1971, 1972, 
1979, 1982, 1988, 1989, 1997, and 1999). High PNA winters 
often occurred during E1 Nifio winters, as the list of 13 high 
PNA winters and the list of 13 E1 Ni•o winters have seven 

members in common. Similarly, 5 of the 10 La Ni•a winters 
also occurred in the list of 14 low PNA winters. 

3. Influence of El Nifio/La Nifia Events 

From the linearly detrended SWE data at each station the 
SWEA from the E1 Ni•o years were averaged together, yield- 
ing the composite SWEA for E1 Nifio years. These and the 
composites for the La Ni•a years are shown in Table 1, where 
for every station the composite SWEA was negative during E1 
Ni•os and positive during La Ni•as; that is, the Columbia basin 
tends to have less accumulated snow during E1 Ni•o winters 
and more snow during La Nifia winters. 

Hoerling et al. [1997] showed that La Ni•a effects are not the 
exact opposite of E1 Ni•o effects, especially outside the tropics. 
The composite for La Ni•as divided by the (absolute value of 
the) composite for E1 Ni•os indicates the strength of the La 
Nifia effect relative to the E1 Ni•o effect. This ratio is plotted 
as a function of the latitude for the various stations in Figure 
3a, where the rank correlation between this ratio and the 
latitude is -0.49 (with the Pearson correlation at -0.43); 
hence the La Ni•a effect declines northward. With 23 stations 

the 1% significance level for the rank correlation is at 0.49, and 
the 5% level is at 0.35 [van Starch and Zwiers, 1999, Appendix 
K]. The ratio is also considerably higher for the high-elevation 
stations than for the medium- and low-elevation stations, 
meaning that the La Nifia effect is enhanced at higher eleva- 
tions. While the cause of this effect is not known, one does 
expect the system to be particularly sensitive when the tem- 
perature is close to freezing, as found in higher elevations: a 
slight change in the temperature could mean the precipitation 
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Fisure 3. (a) The ratio of the composite SWEA durin• La 
Ni•a years relative to the (absolute value of the) composite 
durin• E1 Ni•o years plotted as a function of the latitude. (b) 
The same ratio plotted as a function of the longitude. Symbols 
denote different elevations, as in Figure 1, with the solid sym- 
bols indicatin• the hi,h-elevation stations. 

arrives either as snow or as rain, which washes away the accu- 
mulated snow. Of the 20 stations in the Columbia basin, 6 have 
a ratio of <1, and 13 have a ratio above 1, meaning that in 
general, the La Ni•a effect is greater than the E1 Nifio effect in 
the Columbia basin SWE. 

This ratio is also plotted as a function of the longitude in 
Figure 3b, where the rank correlation between this ratio and 
the longitude is -0.46 (significant at the 5% level, with the 
Pearson correlation at -0.48), indicating that the La Ni•a 
effect declines eastward. Combining with the result from Fig- 
ure 3a, we conclude that for the SWE the La Ni•a effect 
(relative to the E1 Ni•o effect) decreases northeastward in the 
Columbia basin. 

4. Influence of the PNA 

Composites for high and low PNA years were also computed 
(Table 1), with the composite SWEA for high PNA years being 
negative for all stations and those for low PNAs being positive 
for all stations (except for Yellowhead, where it was essentially 
zero). The ratio of the composite for low PNA relative to the 
(absolute value of the) composite for high PNA (Figure 4) 
showed that for all stations the ratio was below 1, indicating 
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Figure 4. The ratio of the (absolute value of the) composite 
SWEA during high PNA years relative to the composite during 
low PNA years plotted as a function of the latitude. Symbols 
denote different elevations, as in Figure 1. The solid diamond 
at the lower right corner denotes Yellowhead. 

that the low PNA effect was much weaker than the high PNA 
effect. This ratio decreases with latitude (Figure 4), with a rank 
correlation of -0.46 between this ratio and the latitude (sig- 
nificant at the 5% level, with the Pearson correlation at -0.53). 
If Yellowhead is omitted, the rank correlation drops to -0.39 
(significant at the 5% level). This positive correlation may 
simply be due to the fact that many of the high PNA years were 
also E1 Nifio years and many low PNA years were La Nifia 
years (hence the fact that La Nifia effects (relative to E1 Nifio 
effects) decreased with latitude would translate into low PNA 
effects (relative to high PNA effects) decreasing with latitude). 
Elevation did not separate the stations in Figure 4 as it did in 
Figure 3a. This ratio plotted as a function of longitude (not 
shown) did not have a significant correlation or show any 
obvious pattern. 

To compare the overall E1 Nifio, La Nifia, high PNA, and 
low PNA effects in the Columbia basin, we took the average 
Columbia basin SWEA data (Figure 2a) and computed com- 
posites. Normalized by the standard deviation, the composites 
for E1 Nifio, La Nifia, high PNA, and low PNA are -0.63, 
+0.69, -1.01, and +0.59, respectively, indicating that the ef- 
fects are strongest for the high PNA, followed by La Nifia, then 
E1 Nifio, and finally low PNA. The asymmetry in the SWEA 
between high and low PNA winters was greater than that 
between E1 Nifio and La Nifia winters. 

5. Composites of Pacific SSTA for High/Low 
SWEA Years 

So far, we have formed composites of the SWEA for E1 
Nifio, La Nifia, high PNA, and low PNA conditions. Now, we 
turn the problem around and ask, What do the Pacific SSTA 
look like during years of high SWEA and low SWEA? With the 
linearly detrended average Columbia basin SWEA data, the 10 
years of lowest SWEA (starting from the lowest) were 1963, 
1970, 1977, 1960, 1993, 1984, 1981, 1992, 1958, and 1987, while 
the 10 years of highest SWEA (starting with the highest) were 
1972, 1997, 1974, 1967, 1999, 1971, 1956, 1975, 1976, and 1982. 
From the SSTA (linearly detrended, with climatological 
monthly mean removed) we computed composite monthly 

SSTA pictures by averaging the monthly SSTA from the 10 
years of lowest SWEA and from the 10 years of highest SWEA. 

To test the statistical significance of the composites, a Monte 
Carlo experiment with 1000 random shuffles of the SSTA fields 
was carried out: For each calendar month, 10 of the 50 SSTA 
fields from the years 1950-1999 were randomly selected and 
averaged to give a composite field. From 1000 such random 
composites, the fiftieth largest absolute value (for each grid 
point and for each calendar month) was chosen from the set of 
1000 composites to represent the 5% significance level. 

Figure 5 shows the evolution of the composite SSTA from 
March in the preceding year to February in the low SWEA 
year, with the areas significant at the 5% level shaded. Even 
when there are no true signals, one would expect -5% of the 
total area of the composite maps to be shaded from pure 
chance. The percentages of total area shaded for the various 
months are 4% (January preceding year), 13% (February), 
10% (March), 11% (April), 16% (May), 14% (June), 2% 
(July), 5% (August), 6% (September), 7% (October), 12% 
(November), 10% (December), 9% (January), and 17% (Feb- 
ruary) (Figure 5 only displays the last 12 of these months). 
Thus there is an absence of significant signals prior to Febru- 
ary, preceding year, and during July to September. During 
February to June, preceding year, there are significant SSTA in 
the western tropical Pacific and in the eastern central equato- 
rial Pacific (the classical E1 Nifio warm region) (Figures 5a- 
5d). The significant SSTA patterns during November to Feb- 
ruary (Figure 5i-51) are relatively stable. The pattern, with cool 
SSTA in the Aleutian Low region and warm SSTA off western 
Canada, first arose in October, strengthened in November, 
then weakened gli•htlv in Inn]inn/hofnro intonci%,ing again in 
February. This SSTA pattern is consistent with the high PNA, 
which has an intensified Aleutian Low (generating more up- 
welling of cooler subsurface waters) and a higher pressure 
region over western Canada. (Of course, the PNA signal is 
manifested much stronger in the 700 mbar height anomalies 
than in the SSTA.) 

Figure 6 shows the evolution of the composite SSTA for the 
high SWEA years. The percentages of total area shaded for the 
various months are 7% (January, preceding year), 11% (Feb- 
ruary), 9% (March), 19% (April), 37% (May), 39% (June), 
42% (July), 45% (August), 52% (September), 52% (October), 
52% (November), 49% (December), 50% (January), and 52% 
(February) (with only the last 12 of these displayed in Figure 
6). These percentages are, in general, much higher than those 
from the low SWEA years (Figure 5) and are well above the 
5% expected from random noise. The shaded areas in Figure 
6 started in the tropics, and as the months progressed, the 
signals became stronger in the higher latitudes. By May, a La 
Nifia cool SSTA pattern is clearly visible in Figure 6c. In 
contrast to the E1 Nifio pattern found in Figure 5, which faded 
out by July, the La Nifia pattern in Figure 6 continued to 
strengthen well into winter. 

6. Summary and Conclusion 
Composites of the April 1 SWEA for stations in the Colum- 

bia basin showed that SWEA were negative during E1 Nifio 
years, positive during La Nifia years, negative during high PNA 
years, and positive during low PNA years. High PNA appeared 
to have the most impact on the SWEA (-1.01 standard devi- 
ation), followed by La Nifia (+0.69), E1Nifio (-0.63), and low 
PNA (+0.59). In the Columbia basin area, La Nifia effects 
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Figure 5. Composites of SSTA for the 10 lowest SWEA years with SSTA data from March in the preceding 
year to February in the low -SWEA year. Positive anomalies are shown by solid contours, negative anomalies 
are shown by dashed contours, and zero anomalies are shown by thick contours. Contour interval is 0.1øC. 
Shaded regions indicate composite values above the 5% significance level from the Monte Carlo test. 

(relative to El Nifio effects) on SWEA decrease northward and 
eastward but strengthen with elevation. 

Composites of the Pacific SSTA during the 10 lowest SWEA 
years revealed relatively weak signals. The El Nifio warm 
SSTA was only present during spring and early summer in the 
preceding year. By fall and winter, only the SSTA consistent 
with a high PNA pattern at the middle-high latitudes could be 
discerned. In contrast, composites of the SSTA during the 10 
highest SWEA years showed strong La Nifia cool SSTA start- 
ing around May in the preceding year and lasting onto winter. 

If the relation between SSTA and SWEA were linear, then 
an SSTA composite for low SWEA years and one for high 

SWEA years would have resembled each other, except that 
positive anomalies in one would correspond to negative anom- 
alies in the other. Instead, major asymmetry was found be- 
tween the composites for low SWEA and those for high 
SWEA, implying that the relation between SSTA and SWEA 
was nonlinear. As the SSTA in the composites for high SWEA 
(Figure 6) were much stronger than those for low SWEA 
(Figure 5), high SWEA were likely to be significantly more 
predictable than low SWEA by SSTA, thanks to a better signal 
to noise ratio. 

The presence of a strong La Nifia cool SSTA in the high 
SWEA composites (Figure 6) and the absence of a correspond- 



1758 HSIEH AND TANG: INTERANNUAL VARIABILITY OF ACCUMULATED SNOW 

Composites of SSTA for the 10 highest SWEA years 
(a) Mar. 

v• / •t 

150E 150W 90W 
.. 

(b) Apr. 
I •.'(/;x...),•j • ' 

150E 150W 90w 

45N 

30N 

15N 

0 

(c) May 

ß - ,;.',<, .'-"•-•-J' i • ' • ß •,?' '---"' 

150E 150W 90W 

(d) Jun. 

45N ' x• "'•' ':'•'•'• 

30N • v 

150E 150W 90W 

(e) Jul. 

o 

150E 150W 90W 

(h) Oct. 

",. "•-•'•!•¾-• ' ß 

30N 

15N 

F. 
150E 150W 90W 

(f) Aug. 
ß V'l I' •S•: 3 ' . 

30N 

.• -•:. '(•.• ...... •:• .......... 

•5OE 15ow 9ow 

(i) Nov. 
' ß . • ,v'...•.•½•:%-: , 

30 N • •':•[• '•' 

•L -'•- -"½•i '½<'•;:-• '"-'-' •'"'½• 

150E 150W 90W 

(j) Dec. 
).' .... •.•-'t'--- : , 

...... ' ........... • •::• e.:•:.- 
45N :"' '"" 

/, •:..- 

15N • ....... '• ...... "• 
•k • ; u.... -•'-•'•,-••-••-.•••:..•• 

o [., •t• •.•• .•..........••...._...••••:.•• .••• 1 

150E 150W 90W 

(k) Jan. (I) Feb. 

. ... , . . , 45N " ' 5•.•? • 45N 

•,• • :•,• F• k / • ...... '•' '""'•"•'•••••••••• 
ß • ... ••:.':•;•--...•.--.•;e•-: ;• yt.....•. -..•2•-.:..•.. ß ................... •:•,• • • 

150E 150W 90W 150E 150W 90W 

Figure 6. Composites of SSTA for the 10 highest SWEA years with SSTA data from March in the preceding 
year to February in the high SWEA year. Same shading and contouring convention as in Figure 5 is used. 

ing E1 Nifio warm SSTA from July onward (Figures 5e-51) 
suggest that equatorial La Nifia conditions may exert far more 
influence on the Columbia basin SWEA than E1 Nifio condi- 
tions. This situation is'similar to that for the Canadian prairie 
wheat yield, which was also found to be much more affected by 
La Nifia than by E1 Nifio events [Hsieh et al., 1999]. 

Prese.ntly, reasonably long lead time forecast skills have been 
attained for E1 Nifio/La Nifia events but not for high/low PNA 
patterns. Since the high PNA has even stronger impact on 
Columbia basin SWEA than La Nifia, this may present a lim- 
itation to our ability to forecast low SWEA conditions at long 
lead time. 
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