

















(SPASM 1985). SPASM accesses a file of surface pressure centres (position
and central pressure) derived from a quartics-based search of 6-hourly surface
pressure analysis fields from Fleet Numerical Oceanography Centre (FNOC).
('yelone [requencies are calculated over a 219 km grid using a circular search
arca. with the same radius. The frequency is calculated as the number of
times a low pressure centre is found inside the search arca in a specified time
interval, divided by the number of 6-hourly observations in the interval and is
multiplied by 100 for plotting purposes. In this method a slowly moving system
may be counted several times, which leads to high frequencies in areas of semi-
permanent lows. SPASM has options for selecting cyclones on the basis of
intensity and duration. In this study all lows were selected that had a duration
of at least 12 hours. Comparison of this method with other studies (see section
3.1) showed good agreement in the positions of local maxima of CI, both
during summer and winter. In addition, Brown and Cote (1992) found that
a SPASM-derived cyclone climatology for the Arctic basin agreed well with
previously published manual analyses. We also consulted the cyclone track
maps published in the monthly serial Climatological Data, National Summary,
published by the U.S. Department of Commerce (NOAA/EDS 1960 to 1970).
These maps show the tracks of all individual cyclones over the North American
continent and surrounding seas for each month. These tracks were located in
the same regions as the maxima in the CF field produced by SPASM.

The pressure field data were taken from the analyses of the U.S. Meteoro-
logical Center (NMC') archived on a 1977 point octogonal grid (Jenne 1970)
and made available on a C'D-ROM by the University of Washington.

Standard deviation (SD) of the 500 hPa height field [rom the period 1965
to 1989 were calculated for each month and compared to the output generated
by SPASM. In calculating the SD fields only data from [2GMT was used in

order to avoid getting the diurnal signal into the SD field. Missing or bad daily



data were simply omitted, and the monthly SD field was calculated from the
remaining daily data. Each SD field has 1977 gridpoints. The formula used

for the standard deviation can be written as:
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where S D1 is the standard deviation field of month 7 and at gridpoint k(k=

1,...,1977), ND is the number of available daily fields in the month, T is the
record containing the mean of all available daily fields in the month and m§ is
the record containing the 500 hPa height for day j in month ¢. The resulling
standard deviation field depends both on the strength of the systems that give
rise to it and on the number of systems. It is therefore a different measure of
synoptic variability than the CF’s.

The precipitation data, consisting of station data for 15 locations in the
Mackenzie drainage basin (see I'ig. 2), was supplied by the Canadian At-
mospheric Environment Service (AES). The records vary in length, with the
longest and most complete being from Fort Nelson (1938 to 1992). The short-
est record is from High Level, which started towards the end of 1970. From
1950 there are uninterrupted data records from only 8 stations; from 1960 the
number climbs to 10; after 1965 we have 11 such stations, and finally from
1971 all the stations have uninterrupted records. The stations are not equally
distributed over the basin (more are in the southern half), nor are they all at
the same elevation above sea level. The accuracy of Canadian precipitation
data is discussed in Goodison and Louie (1985) and in Metcalfe and Goodi-
son (1993). According to these studies, there are many sources of errors, and
precipitation in winter may be greatly underestimated. (See also Walsh ef.
al.  (1994)). It should be noted, however, that all the station data comes
from the period alter Nipher gauges were installed ensuring consistency in the

measurements. In spite of the potential errors in the precipitation series, it is



helieved that they capture the broad character of the interannual variability
of precipitation over the Mackenzie Basin. To establish this, the relationship
between interannual variability of precipitation and runoff in the Mackenzie
basin is examined in section 3.4.]

Runoff data were read from the HYDAT C'D-ROM published by Environ-
ment, Canada, Water Resources Branch. The data consists of monthly dis-
charge values for the Mackenzie at Fort Simpson and at Norman Wells (see
Fig 2). The data is fairly complete after 1965, but before this year it is very

sparse. In the Norman Wells record there are some gaps in the 1980’s.

3 Results

3.1 Cyclone Frequency Data

Figure 3 shows the winter average of the cyclone frequency (CF) as determined
by the SPASM method. The results agree well with those obtained in other
studies (Petterssen, 1956, Zishka and Smith 1980, Anderson and Gyakum 1989,
Serreze ¢t al.1993). In particular, the figures show prominent large scale fea-
tures (of high CF) over the ocean basins and the marginal seas in winter and
smaller pockets of high CF over the continent in summer.

In winter we particularly note a ridge of relatively high CF extending along
the eastern seaboard, across the Labrador Sea, east of southern Greenland and
into the Icelandic Low. This is indicative of a storm track that is maintained
by the temperature contrast between the cold continent and the warmer ocean
currents near the coast. Another local maximum of CI is found over Baffin
Bay. This is due to cyclones that follow the storm track along the eastern
scaboard, but go west of Greenland rather than east. Once in Baffin Bay
the cyclones become stationary, weaken and generally disappear. We also
examined the cyclone track maps from the Climatological Data (NOAA/EDS

1960 1o 1970) to see how often cyclones in Baffin Bay turned west and went over
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the Mackenzie River drainage basin as proposed by Mysak and Power (1992).
Such occurrences turned out to be very rare (less than 5 a year). When this
did happen, there was a closed low in the 500 hPa field which was located
over Baflin Bay, implying easterly flow at high latitudes to the north of this
fow. In view of these results, it appears that the hypothesized link between
air-sea interaction and synoptic processes in the northwestern North Atlantic
and cyclones over northern Clanada (see left-hand side of feedback loop in Fig.
1) is weak. It is however still of interest to examine the source of variability in
precipitation and runoff in the MacKkenzie Basin.

Iigure 3 also reveals that in the North Pacific there is a ridge of very high
C'F’s with the largest local maximum located in the Gulf of Alaska. This
can be attributed to slowly moving cyclones that decay on the upwind side
of the Rockies, a feature also noticed by Anderson and Gyakum (1989). In
the winter map there are also relatively high CF’s over the Great Lakes and

northern Hudson Bay due to latent heating by these waters before freeze up.

3.2 Standard Deviation Field

The standard deviation (SD) of the 500 hPa height field for the fall-winter-
spring months (October to May) is shown in Fig. 4. The pattern obtained is
similar to that found in Knox (1982). In the Gulf of Alaska, there is a relative
maximum in the SD field and a ridge extending zonally over the North Pacific.
The maximum in the Gulf of Alaska is due to the slowly moving lows that
dissipate in this area, and to blocking that also occurs there (e.g., see Gough
and Lin (1987) and the references therein). Both these factors combine to
give a high SD in the Gulf of Alaska. Note also the ridge extending from
southern Quebec - New England to northern Scotland. The pattern shown in
Fig. 4 also compares favourably with that obtained by Lau (1988, his Fig. 1),

although our local maxima in the Gulf of Alaska and the Icelandic Low region



are larger than in his figure. The reason for this difference lies in the filter
used by Lau, who suppressed all variations longer than 6 days, i.e. both slowly
moving cyclones and blocking highs.

There is a possibility that the variations in the 500 hPa field in the Gulf
of Alaska are influenced more by anticyclones (especially blocking highs) than
cyclones (Knox 1982). Comparison with the cyclone and anticyclone analyses
of Parker ef. al (1989) (their Figures 3 and 4) reveals, however, that this is
not the case. The SD field (Fig. 4) has many fealures similar to their 500
hPa cyclone frequency map, especially in the North Pacific. Their anticyclone
frequency map, however shows little resemblance to our SD map. This indi-
cates that the variations in the 500 hPa field shown by the SD field are more
due to cyclones than anticyclones. Therefore, we will refer to the ridges in the
SD field as storm tracks. However, it must be emphasized that the SD does
contain both anticyclone and cyclone signatures, but the latter is dominant.
The Pacific and North Atlantic storm tracks seen in the SD map have locations
similar to those shown in the map of the winter CI* field. Also, the Pacilic

track can be seen in Fig. 1 of Anderson and Gyakum (1989).

3.3 Precipitation and Runoff data

Various time series constructed from the station precipitation data are shown
in Fig. 5. IMigure 5a shows a time series where each month is a simple average of
all data available from the 15 precipitation stations for that month. Figure 5b
shows the time series resulting from figure 5a after the seasonal cycle has been
removed by subtracting the mean of each month. To construct the time series
in Fig. 5, first we computed from the reference period 1970-89, the monthly
means &' and monthly standard deviations 6"/ of the monthly data for each
station. Then the normalized monthly station anomaly y = (& — 2"/)/o™/

for each station was calculated. This transformed the station data into stan-
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dardized anomalies (normal deviates). The time series in Fig. 5c was then
obtained by taking the 15-station average of these anomalies. For convenience
we will refer to the time series in Fig. Ha as the 'total’ precipitation estimate
and the time series in Fig. 5¢ as the ’standardized’ (anomalous) precipitation
estimate. Since all stations in the second approach have equal weight in the
averaging, the series shown in figure 5c should be a better representation of
fluctuations throughout the domain. However, the difference between the two
methods is not great, as can be seen from the high correlation (0.86) between
the time series shown in Fig. bb and 5c. None of the series in Iig. 5 contains
any significant trends. No area averaging was performed in calculating the
time series in Fig. 5. Since the distribution of stations over the basin was not
uniformn, there being few stations in the northern part of the basin, this would
have given more weight to the few northern stations, and lesser weight to the
stations in the southern part of the basin. The annual cycle of precipitation
peaks in lale summer and falls through the early winter and remains low until
spring, when it starts to rapidly increase. The yearly portion of precipitation
that falls in solid form ranges from 30-35% in the southern part of the basin
to HH-60% in the northern part of the basin (Lawford 1994). The precipitation
that falls as snow is stored and released during spring melt. It is therefore to
be expected that the variability in the precipitation accumulated during the
winter months should be reflected in the variability in the spring runoff.

The runofl time series for the two locations on the Mackenzie River are
shown in Fig. 6. Notice the similarity in the seasonal and interannual vari-
ability in both time series, and the absence of any trends. The surface of Fig.
7 shows the nature of the annual cycle and the interannual variability at Ft.
Simpson. During winter the runofl is low, and then it rises rapidly in May,
June and July. After reaching a peak in June or July, the runoff falls ofl slowly

in the autumn until reaching its winter minimum. Thus overall, the annual
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cycle of runoff follows that of the precipitation, with a lag of about one month.
With regard to the interannual variability, we observe low runoff from 19683
to 1972 and again from 1978 to 1984, and high runoff from 1974 to 1977 and
again from 1985 to 1989. Thus overall, an approximate decadal oscillation is
evident. Mysak and Power (1992) found an approximately 10-year signal in the
sea-ice extent in the Beaufort Sea in apparent response to this decadal runoff
variability (see their Fig.2b). This is in contrast with the 20-year oscillation
predicted by the feedback loop. However, they also found that the weaker or
shorter lived Beaufort Sea ice anomaly signals centered around 1956 and 1975
were substantially reduced by the time they reached the Greenland Sea. Only
the larger ice signals, centered around 1965-1967 and 1984-1986, propagated
into the Greenland Sca and contributed to the 20-year oscillation in the sea

ice extent that was observed there.

3.4 Cross Correlation Study

3.4.1 Precipitation and Runoff

We first show the results of a simultaneous and lagged cross-correlation anal-
ysis between the precipitation and the runoff time series. The purpose of this
analysis is to determine whether the fluctuations in the precipitation estimates
can account for a significant portion of the runoff variations, and to define the
appropriale seasons to use in the subsequent analyses, when the precipitation
data is cross-correlated with the SD data. Since both data types are strongly
influenced by the seasonal cycle, correlating the monthly values would not yield
meaningful results. We therefore decided to calculate the cross-correlations
using seasonal values for each year. First, simultaneous correlations were cal-
culated, i.e. the fall runofl was correlated with fall precipitation, etc. Next,
correlations were calculated with runoff lagged one or more seasons behind the

precipitation. Assuming each year to be independent from the previous year,
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this gives 24 degrees of freedom and a 95% significance level (S.L.) of 0.4 and
a 99% S.L. of 0.5, using a two tailed Student t-test.

Table 1 summarizes the correlations between the scasonal and clumped
seasonal precipitation and the runofl at Ft. Simpson. The significant correla-
tions are boldfaced. Since the river [reezes in the early fall and breaks up in
the spring, the months spanning this period are divided into three ’seasons’:
Fall (OND), Winter (JFM) and Spring (AMJ). Table 1 shows that in general,
the spring runoff tends to be significantly correlated with precipitation in the
previous months, with the highest correlation (0.69) occurring between spring
runofl and the total precipitation from fall to spring. This is higher than the
correlation between the total runoff from fall to spring and the total precipita-
tion from fall to spring (0.48). The reason for this is that during the winter, the
runoff, because of the presence of ice in the river and tributaries, is not much
affected by precipitation. Also, most of the precipitation that falls during the
winter is released as melt water in the spring. This means that by using runoft
data from the months when the river is frozen, we obtain a reduced correla-
tion with the precipitation from fall to spring. The correlations using the total
precipitation estimate are generally higher than those obtained using the stan-
dardized data (the numbers in brackets), but the difference is not suflicient to
change the interpretation of the correlations. Cross-correlations involving the
down-stream station Norman Wells runoff are similar, since most of the data
used to form the precipitation time series come up-river from Ft. Simpson
(see Fig. 2). Even though the highest correlation is well above the significance
level, it only accounts for about half of the variance. This is most likely due
to errors in precipitation measurements, that were mentioned in section 2.

In view of the above results, we conclude that the significant correlations
between precipitation deposited from fall to spring and runoff in the melt sea-

son give a measure of confidence that the precipitation time series is capturing
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Runoff at Precipitalion

Ft. Simpson Fall Winter Spring | Fall, Winter, Fall, Winter,
Spring Winler Spring

“all -.05 (-.06)

Winter 0.28 (0.34) | 0.26 (-.03) 0.12 (0.14)

Spring 0.42 (0.44) | 0.26 (0.22) | 0.45 (0.30) | 0.69 (0.49) | 0.41 (0.37) | 0.27 (0.36)

Fall, Wint, Spr || 0.38 (0.40) | 0.14 (0.15) | 0.29 (0.17) | 0.48 (0.37) | 0.30 (0.30) | 0.33 (0.23)

Fall, Winler 0.13 (0.14) | -.11 (~01) 0.02 (0.07)

Winter, Spring || 0.44 (0.48) | 0.19 (0.16) | 0.36 (0.20) | 0.59 (0.43) | 0.37 (0.35) | 0.41 (0.25)

Table 1: Correlation between estimated precipitation in the Mackenzie
drainage basin and Mackenzie River runoff. The correlations with the stan-
dardized precipitation are given in brackets. Correlations significant above
95% level are boldfaced.

the interannual variability in precipitation input to the basin.

3.4.2 Precipitation and the atmospheric fields

Having established that the precipitation estimate captures much of the vari-
ability in the precipitation input to the basin, we now proceed to correlate the
precipitation data with the SD data. This is to test the ’second hypothesis’
in the fecdback loop as described in the third paragraph of section 1, namely,
do changes in the storm activily in the Irminger Basin and in eastern and
northern Canada produce fluctuations in the precipitation in the Mackenzie
basin 7

Correlations between the precipitation and the SD dataset (Fig. 4) are
shown in Fig. 8, which depicts the contours of the correlation of the standard-
ized precipitation time series with the SD dala, for the months of October to
May from 1965/66 to 1987/88, a sample of 184 months. Before computing
the correlation, the scasonal cycle was removed from the data by subtracting

the monthly means. If the individual months are independent, the number of
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degrees of teedom would be 182. This gives the absolute value 0.15 for the
correlation coefficient to be significantly different from zero at the 95% level
(again, using a two tailed Student t-test). Suppose we allow for persistence
of one month; then the effective sample size becomes 92 and the critical value
of the correlation coefficient rises to 0.2 for the 95% S.L. This will only test
the local significance of the correlation. It is not so simple to assess the global
significance, that is, to determine whether the correlation field is statistically
significant, as a whole. This statistical field significance was found using a pro-
cedure described by Livezey and Chen (1983). This is a two step method where
in the first step, one accounts for the finiteness of the data. The observations
are assuimed to be independent (i.e., the spatial autocorrelation is neglected),
and a binomial distribution is used to estimate the percentage of significance
tests which pass the local significance level that is necessary for field signif-
icance at the 95% level. If this test is passed then another test that allows
for spatial autocorrelation in the SD field is performed. The second test is a
Monte Carlo experiment, which consists of repeating the correlation analysis
for 1000 synthetic time series and the SD dataset. In this study the synthetic
time series were constructed from random permutations of the precipitation
time series. The results from these correlations were then used to establish
the critical value above which only 5% of the correlation coefficients {from the
experiment lie. This value is then finally used as the 95% S.L. Our data passed
the first test, even if we allowed for persistence and used the stringent value
of 0.2 for significance. The plot shown in Fig. 8 has passed the second test for
field significance.

Figure 8 shows that standardized precipitation in the Mackenzie basin dur-
ing the months of October to May correlates significantly with the SD field in
the storm track region in the North Pacific,in the Bering Strait and in a broad

area west of the Great Lakes. The interpretation of the first correlation is as



follows: Variability in precipitation in the Mackenzie basin is simultaneously
related to synoptic variability along the North Pacific cyclone track. Above-
average values of the SD field (more frequent storms or unusually strong sys-
tems) in the North Pacific and western Canada will then lead to above-average
precipitation in the Mackenzie basin, due to increased moisture transport from
the Pacific. Similarly, lower-than-average values of the SD field will lead to
below-average precipitation in the Mackenzie basin. The importance of the
correlation in the Bering Strait will be discussed in scection 4.

In the past, several studies have found a strong relationship between pre-
cipitation and the monthly mean 700 hPa height field (Klein and Bloom 1987,
Cayan and Peterson 1989, Ely et al.1994). In view of these studies, it is of
interest to see il changes in precipitation in the Mackenzie drainage basin can
be related to changes in the monthly mean height field. For each season we
computed composite maps of 700 hPa height for seasons of higher-than-average
precipitation in the Mackenzie drainage hasin, and composites for seasons of
lower-than-average precipitation. Then we computed the difference field of
the "high” composites minus the "low” composites. The winter (DJF) season
gave the most significant results (see Fig. 9). The results show a positive
height anomaly in the Pacific and a negative height anomaly over northeast
Canada. A positive height anomaly over the Pacific indicates that the air ofl
the Pacific coast is warmer than normal. Similarly the negalive height anomaly
over northeast Canada indicates that conditions therve are colder than normal.
This leads to an increase in the lateral temperature contrast over the Macken-
zie basin, enhanced baroclinicity and hence more [avourable conditions for
cyclone development. The results in section 3.1 show that cyclones move into
the Mackenzie basin from the Pacific, which indicates that cyclone develop-
ment over the basin is most likely to result from disturbances associated with

cyclones of Pacific origin. A comparison of figures 8 and 9 provides some sup-
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port for this idea. The peak in correlations between Mackenzie precipitation
and the SD field over the continent in figure 8 is situated between the 700 hPa
anomalies in Fig. 9. Thus, the synoptic variability associated with Mackenzie
precipitation has a maximum in the area of enhanced baroclinicity, and Fig. 8
shows that this variability is associated with variability along the North Pacific
storm track. However the comparison of Fig. 8 and Fig. 9 should be treated

with some caution because the former is for an extended winter season.

4 Summary and Discussion

We have shown that the fluctuations of precipitation in the Mackenzie basin
are significantly correlated with variations of the North Pacific storm tracks
during fall-winter-spring. For example, higher-than-normal storm activity in
this region appears to result in above-average precipitation in the basin. The
Mackenzie precipitation in fall-winter-spring and the melt-season Mackenzie
River runoff are also found to be highly correlated. Manak and Mysak (1989)
showed that the Mackenzie runoff was significantly correlated with the sea-ice
concentration in the Beaufort Sea during the next winter and spring seasons.
We {herefore have a mechanism by which atmospheric circulation fluctuations
in the North Pacific can subsequently generate sea-ice anomalies in the western
Arctic.

The results in this paper show that in the Mackenzie River basin, which
is the biggest Canadian source of freshwater flowing into the western Arctic,
the precipitation appears to be mainly influenced by processes in the Pacific,
rather than the Atlantic, and also that the time scale of variability of the runoff
is decadal rather than interdecadal, as proposed in Mysak et. al.(1990). Al-
though the 10-year runoff cycle appears to produce a 10-year cycle in Beaufort
Sea ice cover, only every second one of the latter signals propagates into the

Greenland Sea to produce an interdecadal signal in the latter region.
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However these results do not preclude the existence of other mechanisms
linking the air-sea interactions in the northwestern North Atlantic to the atmo-
spheric circulation at high latitudes, and influencing moisture transport to the
Mackenzie River basin. For example, anomalous moisture fluxes (from strong
cyclone activity in the northwestern North Atlantic) could enter the Arctic
from the Greenland-Iceland-Norwegian seas, an idea originally proposed in
Mysak ef. al (1990); these fluxes would then reach northern Canada via the
polar (low) vortex (Mysak and Power 1991), and provided there was a conver-
gence of these fluxes, this would enhance precipitation there. This sequence of
events is possible in the light of the recent hydrological study by Walsh ct. al
(1994), who calculated the climatological moisture fluxes into and oul of the
Arctic. Tn their Fig. 4 they showed that during the period 1973-90, there were
generally large northward fluxes of water vapour across across 70°N centred at
10°E (the Norwegian Sea) and notable southward fluxes across T0°N centred
around 260°E (northern Canada, eastern Mackenzie basin). Also Walsh et. al
showed (see their Fig. 14) that over the Mackenzie basin, the convergence of
the water vapour fluxes were highly correlated with observed precipitation in
this region. Since the Walsh ¢t. al (1994) study focuses on the climatology
rather than the year-to-year variability, the variability of the moisture fluxes
and their convergence into the Mackenzie hasin would have to be studied to
verify this hypothesis for closing the feedback loop. In particular, it would be
very fruitful to examine the fluxes and their convergence just before, during
and just after the Great Salinity Anomaly.

Figure 8 shows that synoptic variability over the Bering Strait is also sig-
nificantly correlated with Mackenzie basin precipitation. In view of this, vari-
ations in the large northward flux of water vapour through the Bering Strait
found by Walsh et. al (1994) could produce part of the variability observed

in the Mackenzie basin precipitation. Clearly, to verify all of this we need to
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extend the analysis of Walsh ef. al. (1994) and trace moisture fluxes into and
out of the Arctic during periods of both high and low runoff in the Mackenzie

bhasin.
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runoff in northern
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IYigure 1: Negative (or reversing) feedback loop linking northern Canadian river
runoll, Arctic sea-ice extent, Greenland-Teeland sca-ice extent, and Salinity,
convection and cyclogenensis around leeland. This is a simplified version of
the ten-component loop proposed by Mysak ¢f. al. (1990) to account [or an
Arctic climate cycle with a period of about 15 to 20 years. (From Mysak and
Power 1992.)
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Figure 2: The Mackenzie River and the drainage basin (bold lines). The plus
symbols indicate the positions of the precipitation stations. Runofl station
Norman Wells is marked with "N’ and Fort Simpson with 'F’. The CFs were
calculated for the whole area shown.
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Winter (DJF) Cyclone Frequency 1950 — 1989

Figure 3: Winter (DJF) Cyclone Frequency (%) from 1950 to 1989. The

contour interval is 1%.
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CONTOUR FROM 30 TO 150 BY 10

Figure 4: Mean Standard Deviation of 500 hPa field in the months used in the
cross correlation. The contour interval is 10 m. Notice the similarity with Fig.
3 in the Gulf of Alaska and the northern North Atlantic.
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A) Mackenzie Basin Total Precipitation Estimate
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Correlation of b) and c) is 0.86

Figure 5: Time series of precipitation in the Mackenzie basin. a) The 'total’
estimate of precipitation; b) the time series from (a) after the seasonal cycle
has been removed; ¢) the 'standardized’ estimate of precipitation anomalies.
For further explanation see text.
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x 10* B) Mackenzie River runoff at Ft. Simpson
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x 10* A) Mackenzie River runoff at Norman Wells
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Figure 6: Time series of monthly Mackenzie River runoff as determined from
measurements taken at a) Fort Simpson; b)Norman Wells. See Fig. 2 for the
location of these sites.
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Mackenzie River runoff at Ft. Simpson
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Figure 7: Contour surface of Mackenzie River runoff at F't. Simpson, illustrat-
ing the nature of the annual cycle and the interannual variability.
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Cross Correlation of Mackenzie Basin Precipitation and SD fields (184 months)

o g

Figure 8: Contours of the cross-correlation between the Mackenzie basin stan-
dardized precipitation and the standard deviation field during the extended
winter months, defined as October to May. All contours plotted are significant
at the 95 % level. Contour interval is 0.05.
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700 hPa difference field

Figure 9: Contours of the difference field, that result when the compostite of
700 hPa heights for winters (DJF) of lower-than-average precipitation in the
Mackenzie basin is subtracted from the composite for winters of higher-than-
average precipitation.Shaded area is significant at the 95 % level. Contour
interval is 10 m
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