Péches et Océans
Sciences

Fisheries and Oceans
Science

i+l

CSAS

Canadian Stock Assessment Secretariat

SCES

Secrétariat canadien pour I'évaluation des stocks

Research Document 2000/054

Not to be cited without
permission of the authors *

Document de recherche 2000/054

Ne pas citer sans
autorisation des auteurs *

Precipitation, discharge and temperature variability in Atlantic Salmon Rivers
in Acid Rain Impacted Southern Uplands Area of Nova Scotia

D. Caissie

Department of Fisheries and Oceans
Science Branch, Gulf Fisheries
P.O. Box 5030
Moncton, New Brunswick, E1C 9B6

! This series documents the scientific basis for
the evaluation of fisheries resources in
Canada. As such, it addresses the issues of
the day in the time frames required and the
documents it contains are not intended as
definitive  statements on the subjects
addressed but rather as progress reports on
ongoing investigations.

Research documents are produced in the
official language in which they are provided to
the Secretariat.

This document is available on the Internet at:

La présente série documente les bases
scientifiques des évaluations des ressources
halieutiques du Canada. Elle traite des
probléemes courants selon les échéanciers
dictés. Les documents qu'elle contient ne
doivent pas étre considérés comme des
énoncés définitifs sur les sujets traités, mais
plutdt comme des rapports d'étape sur les
études en cours.

Les documents de recherche sont publiés dans
la langue officielle utilisée dans le manuscrit
envoyeé au Secrétariat.

Ce document est disponible sur I'Internet a:

http://www.dfo-mpo.gc.ca/csas/

ISSN 1480-4883
Ottawa, 2000

Canadi

[ Ly



ABSTRACT

This paper provides analysis of long-term variation in precipitation, air
tenperature and di scharge in the Southern Uplands area of Nova Scotia. Data at
the Halifax Airport Meteorological station were used to analyze precipitation
and air tenperature trends on an annual and seasonal basis. Di scharge data
were used for two rivers in the study area, nanely the LaHave and St. Marys
rivers.

On an annual basis, air tenperature in the study area varied 5.1 °Cto 7.4 °C
with a long-term average of 6.1°C. Annual precipitation ranged between 1048 nm
and 1931 mmwith an overall average of 1445 mm No trends were observed in the
mean annual air tenperatures and annual precipitation. Variability in annual
precipitation was also reflected in variability of mean annual discharge at the
two studied rivers, LaHave and St. Marys River. The nean annual flow at LaHave
R ver ranged between 17.6 ni/s and 49.6 m/s with an overall average of 34.4
m/s. The mean annual discharge at St. Marys River ranged between 28.5 ni/s and
63.9 m/s with and overall nean of 43.0 ni/s. Annually, the variability in both
precipitation and discharge were simlar as reflected by the coefficient of
variation in the order of 20% No significant trends were detected in the
annual di scharge at both rivers.

On a seasonal basis, it was observed that the air tenperature and precipitation
were nore variable than annually. On a seasonal basis, signhificant trends were
observed in mean spring air tenperatures (p < 0.005) and nean sumer
tenperatures (p < 0.04). The nean spring air tenperatures showed an increase
of 0.4 °C per decade, while nean sunmer air tenperature increased by 0.2 °C per
decade. No significant trends were observed in nmean seasonal precipitation at
p < 0.05.

Also on a seasonal basis, discharge showed higher wvariability than air
tenperatures and precipitation with coefficient of variation between 27% and
58% No significant trends were detected at LaHave River seasonally and St.
Mary River showed a slight increase in nean wi nter discharge (p < 0.05) of 1.5
m/s per decade. H ghest variability for discharge was observed for annual
extreme events such as high and |ow flows. For instance, m nimm annual
di scharge showed a coefficient of variation of 83% (St. Marys River) and 89 %
(LaHave River). No trends were detected in maxi mum or m ni mum annual di scharge
at both studied rivers.

Gven the wide range of annual precipitation and discharge, it was expected
that annual deposition of acid precipitation could also vary significantly.
Al so studies have shown that pH can be highly related to stream di scharge and
therefore any variability in discharge, either annually or seasonally, can
af fect annual or seasonal nean pH val ues.
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RESUVE

Cet article présente une analyse des variations a long terne des
précipitations, de la tenpérature de |'air et du débit dans |a région des
hautes terres en Nouvelle-Ecosse. On a utilisé les données de la station
mét éorol ogi que de |'aéroport de Halifax pour analyser |es tendances des
précipitations et de la tenpérature de |'air sur une base annuelle et
sai sonni ére, et |es données de débit pour deux rivieéeres, soit la riviére LaHave
et lariviére St. Marys.

Sur une base annuelle, la tenpérature de |'air varie de 5,1 °C a 7,4 °C, avec
une noyenne a long terne de 6,1 °C. Les précipitations annuelles varient de
1048 mm a 1931 mm avec une nobyenne de 1445 mm Aucune tendance n'a été
observée dans |les nobyennes annuelles de la tenpérature de |'air et des
précipitations. La variabilité des précipitations annuelles se retrouvait dans
cell e du débit nobyen annuel des deux riviéres étudi ées, LaHave et St. Marys. Le
débit noyen annuel de la riviére LaHave variait de 17,6 nB/s a 49,6 nB/s, avec
une noyenne globale de 34,4 nB/s. Dautre part, le débit nmoyen annuel de la
riviere St. Marys variait de 28,5 nB/s a 63,9 nB/s, avec une noyenne gl obal e de
42,0 nB/s. Sur une base annuelle, la variabilité des précipitations était du
nménme ordre de grandeur que celle du débit, ce que nontre un coefficient de
variation d environ 20 % Aucune tendance significative n'a été observée dans
| e débit annuel des deux riviéres.

Il a été observé que la variabilité saisonniére de la tenpérature de |'air et
des précipitations était plus grande que leur variabilité interannuelle. Sur
une base saisonniére, on a noté une tendance significative dans |la tenpérature
noyenne de |’air au printenps (p < 0,005) et en été (p < 0,04). La tenpérature
noyenne printaniére de |I’air a nontré une hausse de 0,4 °C par décennie, et
celle de |’ été une hausse de 0,2 °C par décennie. Aucune tendance significative
n'a été observée dans | es précipitations saisonni éres noyennes a p < 0, 05.

Sur une base saisonniére, le débit a égalenment nontré wune plus grande
variabilité que la tenpérature de |'air et les précipitations, avec un
coefficient de variation conpris entre 27 % et 58 % On n'a noté aucune
tendance significative saisonniere du débit de la riviére LaHave, nais une
| égére augnentation du débit hivernal noyen de la riviére St. Mrys, de 1,5
nB/s par décennie (p < 0,05). La variabilité nmaxinmale du débit a été observée
pour des événenents annuels extrénes de débits nmaxi muns et de débits mninmuns.
Par exenple, les débits mninuns extrémes ont présenté un coefficient de
variation de 83% (St. Marys) et de 89% (LaHave). On n'a noté aucune tendance
des débits mnimunms et maxi muns des deux riviéres.

Etant donné |’ anpleur de la plage des précipitations et du débit annuels, on
s'attendait a ce que le dépdt acide annuel varie égalenent de fagon
significative. De plus, des études ont nontré que |le pH peut étre fortenent |ié
au débit et que, par conséquent, toute variabilité du débit (annuel et
sai sonnier) peut influer considérablenment sur ses valeurs annuelles ou
sai sonni éres noyennes



| NTRCDUCTI ON

Hydrol ogi cal conditions can be inportant in the nanagenent of fisheries and
aquatic resources. Streanflow variability affect streambiota at different life
stages and al so during different seasons of the year. Sal nonids can be affected
by stream di scharge such as high flows (El wood and Waters 1969; Ernman et al
1988) or during low flows, which is often associated with high river water
tenperatures (Cunjak et al. 1993; Edwards et al. 1979). Changes in water
quality as a function of river discharge has been observed (Cluis et al. 1988;
Feller and Kimmns 1979). Studi es have shown an inverse relation between pH
and di scharge (Caissie et al. 1996; St-Hliaire et al. 1998). Such studi es show
that it is inportant to consider flow conditions when studying pH in rivers
Al so, air tenperature can be an inportant paraneter as it influences the timnmng
of the snownelt and ultimately influence pH val ues. In order to increase our
under st andi ng of environmental conditions of particular Atlantic salnon rivers,
for the purpose of assessing potential inpact of acid rain, we need to study
the stream hydrol ogy and associ ated extrene events or trends.

The objective of the present study is to analyze hydrological data for 2
Atlantic salnmon rivers within the acid inmpact rivers for use in aquatic
resource managenent. Meteorological data will also be analyzed at one station
representative of the study area. The specific objectives are: a) to analyze
changes in precipitation and air tenperatures on an annual and seasonal basis,
b) to analyze changes in streanflow conditions for 2 rivers, annually and on a
seasonal basis c¢) to study long-term trend of air tenperature, precipitation
and di scharge using the 10-year noving average, and d) to carry out statistica
anal yses to determine potential linear trends in air tenperature, precipitation
and di scharge both annually and on a seasonal basis.

METHCDS

H storical data on air tenperature and precipitation were obtained from
Envi ronnent Canada to study the changes in these paraneters. Mean annual air
tenperatures and precipitation were calculated as well as nmean seasonal val ues.

Seasons were divided in four and included winter (Jan. to Mar.), spring (Apr.

and May), sumer (Jun. to Sep.) and autumm (Cct. to Dec.). Streanflow data were
anal yzed using hydronetric data from gauged rivers in the study region. These
data were obtained from the Environment Canada HYDAT dat abase. Mean annua

discharge was analyzed as well as nean seasonal discharge. Extrene
hydr ol ogi cal conditions were studied by anal yzi ng nmaxi mum and m ni mum di schar ge
both annually and on a seasonal basis.



The 10-year noving average was cal cul ated for each tine series (air tenperature,
precipitation and discharge) to observe long-term trends and changes. A
statistical analysis was carried out for each tine series using SAS to observe
any linear trends over tine. Trends during the whole tine series were anal yzed,
and for a few cases recent trends (last 15 years) were al so investi gated.

STUDY SI TES

The study region conprises the Southern Uplands Area of Nova Scotia, and data
on air tenperature and precipitation from the Halifax Airport neteorological
station were used. Monthly data were used to cal culate annual and seasonal
values. Also, data fromtwo river systenms in the study area were used in the
hydr ol ogi cal analysis, nanely the LaHave River (station 01EF001) and St. Marys
River (station O01EQ01). The two rivers were selected based on their
geographi cal |ocation, which represents well the study area. Al so these rivers
have long-term data, which is valuable in trend analysis. The study sites are
shown in Figure 1.

The drainage basin of the studied rivers are of similar size at 1250 knf for
LaHave River and 1350 knf for St. Marys Rivers (Table 1). These rivers have
long series of discharge data dating from 1916 to 1998, over 80 years of
record. The nean annual flow (MAF), which is a function of drainage area,
varies between 34.4 ni/s for LaHave River and 43.0 ni¥/s for St. Marys River. To
conmpar e di scharge between basins of different sizes, the mean annual runoff was
used. This represents the nmean annual flow (MAF) expressed in unit discharge in
mm (discharge per drainage area). The runoff characteristics depend on
paraneters such as the amount of rainfall, soil type, and others. LaHave River
showed a runoff of 870 nmm and St. Mary River showed 1007 mm The mean annual
precipitation at the two rivers was very simlar with a value of 1420 nm at
LaHave River and 1350 mmfor St. Marys River.

RESULTS

Mean annual air tenperature at the Halifax Airport (1961-1998) varied between
5,1 °Cin 1972 to 7.4 °Cin 1998 (Figure 2a; Table 2). The overall nean annual
air tenperature was calculated at 6.1 °C (std = 0.6 °C. The long-term
variations as calculated by the 10-year nobving average showed that the period
ending in 1984 experienced the highest decadal tenperature at 6.4 °C
Precipitation data showed that annual precipitation varied between 1048 nm in
1965 to 1931 nmin 1972 with an overall mean annual precipitation of 1446 nm
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(std = 219 nm Figure 2b). The long-term nean precipitation as cal cul ated by
the 10-year noving average peaked at the period ending in 1980 at 1562 nm and a
decrease has been observed since. The 10-year average ending in 1998 was
calculated at 1340 mm which was the lowest in the tine series. No significant
linear trends were detected in the nean annual air tenperatures and
precipitation using the whole tinme series and during the last 15 years.

On a seasonal basis, nean winter tenperatures varied between —-6.6 °C in 1993 to
—-2.0 °Cin 1998 at Halifax Airport with an overall nean winter tenperature of
-4.6 °C (std = 1.1 °C, Figure 3a; Table 2). Recent decadal tenperatures, as
cal cul ated by the 10-year noving average, have been colder with values close to
—-5.0 °C conpared to those of the period ending in 1984 at —4.1 °C. It was al so
noted that the 1990s showed high variability in mean w nter tenperatures.
Spring tenperatures varied between 3.8 °C in 1967 to 8.9 °C in 1998 (Figure
3b), with a nmean spring tenperature of 6.5 °C (std = 1.0 °C). Long-term
tenperatures have been on the increase from 1970s to early 1990s with a slight
decrease leading to the period ending in 1998. The mean spring air tenperature
showed a significant increase (p < 0.005) of 0.4 °C per decade. Sumer
tenperatures have ranged from 14.8 °C (1986) to 17.4 °C (1990) with an overall
mean sunmer value of 16.3 °C (std = 0.6 °C, Figure 3c). Long-term mean sumrer
tenperature as calculated by the 10-year noving average showed that recent
decadal tenperatures have been the highest in the tinme series at 16.7 °C. Mean
sunmmer tenperatures also showed a significant increase (p < 0.04) with an
increase in tenperature of 0.2 °C per decade. Autumm tenperatures varied
between 0.1 °Cin 1989 to 4.8 °C neasured in 1961. The mean autumm tenperature
was calculated at 2.9 °C (std = 1.1 °C); decadal tenperatures renained close to
average tenperatures (Figure 3d). Variability in mean annual and seasonal air
tenperatures was calculated using the standard deviation (Table 2). Simlar
variability was observed throughout the seasons with a standard deviation of
1.0 °C and 1.1 °C, except for sunmer which showed slightly lower variability
(std = 0.6 °C).

Precipitation on a seasonal basis showed nmean wi nter values ranging from 230 mm
(1970) to 579 mm (1972) with an overall mean winter precipitation of 388 nm
(std = 84 mm Figure 4a; Table 2). The 10-year noving average has shown a
slight decrease in 1990s from a peak value of 437 nm for the period ending in
1980. Mean spring precipitation varied between 93 mm (1992) and 373 mm (1990)
with an average of 226 (std = 63 mm Figure 4b). The | ong-term nean spring
precipitation reached a peak during the period ending in 1990 with a slight
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decrease thereafter. Mean sunmer precipitation varied between 235 nmm (1997)
and 571 mm (1977) with a nean value of 392 mm (std = 104 mm Figure 4c). The
10-year noving average showed a slight decrease in the 1990s. Aut umm
precipitation varied between 224 mm (1984) and 640 (1972) wth an average
autumm precipitation of 439 mm (Figure 4d). Long-term autumm precipitation as
calculated by the 10-year noving average showed a decrease in 1980s and a
slight increase in the 1990s. Trend analysis showed that the nmean autumm
precipitation showed a slight decrease over time (p < 0.07) of 30 mm per
decade. The annual variability in precipitation as neasured using the
coefficient of variation showed that the lowest variability was observed
annually at 15% (Table 2). On a seasonal basis the variability was in the
range of 22%to 28%

Di scharges were calculated for two rivers in the Southern Uplands Area of Nova
Scotia, nanmely for the LaHave and St. Marys Rivers, which are two long-term
data stations in the area (1916 to 1998). Mean annual discharge varied
significantly at these tw stations (cms = n¥/s; Figure 5). LaHave River
showed a nean annual discharge ranging from 17.6 n?¥/s (1965) to 49.8 n¥/s
(1959) with an average value of 34.4 ni/s (std = 6.9 n?¥/s; Figure 5a; Table
3). Long-term val ues as calculated by the 10-year noving average, showed an
increase from 1920s to the 1960s with the highest decadal discharge observed
in period ending in 1979 at 39.2 n¥/s. St. Marys River nean annual discharge
vari ed between 28.5 n¥/s (1960) and 63.9 n?¥/s (1972) with an overall average
annual flow of 43.0 mi/s (std = 7.3 n¥/s; Figure 5b). The 10-year noving
average also increased fromthe 1920s to late 1970s with the highest decadal
di scharge observed in period ending in 1980 at 47.6 mi/s. No significant
trends were detected in the nmean annual di scharge at both LaHave and St. Marys
Ri ver.

On a seasonal basis, LaHave River discharge showed a marked variability in
winter (Figure 6a; Table 3). Wnter discharge ranged from 18.2 n¥/s (1940) to
87.3 mi/s (1979) with a mean winter flow of 46.5 n¥/s (std = 14.5 n¥/s; Figure
6a). The long-term nean winter flow, as calculated by the 10-year noving
average, also showed a marked variability with decadal winter flow reaching a

peak in the period ending in late 1950s. Mean spring flows varied between
28.4 nt/s (1995) and 116 nm¥/s (1923) with a nean val ue of 55.9 m/s (std = 17.1
m/s; Figure 6b). Long-term spring flows were close to average val ue. Mean

sunmer flows were highly variable with values ranging from1.91 n¥/s (1921) to
30.5 mi/s (1973; Figure 6¢). The nean sumrer flow was cal cul ated at 12.4 n¥/s
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(std = 7.4 nils). The long-term nmean sumrer discharge renmi ned between 10
m/s and 15 n¥/s as shown by the 10-year noving average. Mean autum
di scharge ranged from 11.1 m/s (1965) to 82.0 mi/s (1959), with an overall
mean value of 37.4 mi/s (std = 16.4 mi/s; Figure 6c¢c; Table 3). The 10-year
nmovi ng average increased slightly from1930s to the period ending in 1981 with
a 10-year mean of 48.2 n¥/s.

On a seasonal basis, St. Mirys River discharge also showed a narked
variability in winter mean flows (Figure 7a). Mean w nter discharge ranged
from 15.9 n¥/s (1970) to 101 n¥/s (1953) with an overall average winter flow
of 49.4 m/s (std = 16.2 ni/s; Figure 7a; Table 3). The long-term nean winter
flow, as calculated by the 10-year noving average, also showed a narked
variability with decadal winter flow reaching a peak in the period ending in
1956. Mean winter flows at St. Marys River, although highly variable, showed
a significant increase (p < 0.05) of 1.5 ni/s per decade. Mean spring flows
vari ed between 38.6 mi/s (1966) and 132 ni/s (1956) with an average val ue of
73.8 mi/s (std = 19.9 ni/s; Figure 7b). Long-term nmean spring flows were cl ose
to average value with a slight decrease in the past 30 years. Sumer fl ows
were highly variable with values ranging from 3.19 n?¥/s (1921) to 39.9 n¥/s
(1970; Figure 7c; Table 3). The nean sumer flow was calculated at 17.5 ni/s

(std = 9.6 n¥/s). The long-term nmean sumrer di scharge expressed by the 10-
year noving average varied between 12 n/s and 22 m/s. Aut umm di schar ge
ranged from 18.9 mi/s (1984) to 96.7 ni/s (1990), with an overall mean of 50.1
m/s (std = 17.2 ni¥/s; Figure 7c; Table 3). The 10-year noving average

i ncreased slightly from1930s to the period ending in 1976 with a 10-year nean
of 63.1 ni/s.

Peak discharge (maximun) and low flows (mnimm were also considered on an
annual basis at the two river sites. Peak flows at St. Mrys varied between
190 n/s (1965) and 974 m/s (1971) with a nean annual flood of 410 ni/s (std =
142 n?¥/s; Figure 8a; Table 3). Long-term nmean peak flows at St. Marys
remai ned close to 400 /s as shown by the 10-year noving average. Peak flows
at LaHave River varied in the range of 94.3 n¥/s (1966) to 1080 mi/s (1956;
Figure 8b). The nean annual flood was calculated at 228 nf/s (std = 123
m/s). The long-term mean annual flood at LaHave River remained close to 200
m/s except for the period ending from 1956 to 1966, which showed higher
val ues as influenced by the extrene flood of 1956. No signficant trends were
detected in annual maxi mum di scharge at both rivers.
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Low flows at St. Marys River varied between 0.15 n¥/s (1942) and 7.65 ni/s
(1964), with a mean low flow of 2.06 n¥/s (std = 1.7 n¥/s; Figure 8c; Table
3). The 10-year noving average for low flow (daily mnimum per year) showed
two periods of low values, in the period ending in 1953 with a decadal val ue
of 1.19 n¥/s and in 1998 at 1.49 n¥/s. Low flows at LaHave River ranged from
0.125 n¥/s (1960) to 9.4 n¥/s (1927), with a nean annual |ow flow of 2.08 n¥/s
(std = 1.85 n¥/s; Figure 8d). The long-term m ni num annual |ow flow showed a
decrease over the year at LaHave River with the |owest decadal value in 1998
at 1.04 nm/s. No signficant trends were detected in annual mi ni num di scharge
at both rivers.

Simlar to the annual nmaxi mum and nini num di scharges, a statistical analysis
was carried out on peak flows and low flows on a seasonal basis. No
significant trends were observed on a seasonal basis for such extrene
hydrol ogi cal conditions for both LaHave and St. Marys Rivers.

Variability in the mean annual and seasonal flows was cal culated using the
coefficient of variation (Cv; Table 3). The | owest variability was observed
for the mean annual discharge with a coefficient of variation of 20% for
LaHave River and 17% for St. Marys River. On a seasonal basis the npst
variability in nmean seasonal discharge was observed in sunmer for both rivers
at 58% (LaHave River) and 55% (St. Marys River). Oher seasons showed simlar
variability with value in the range of 27% to 34% except for nean autumm
di scharge for LaHave River, which showed slightly higher variability at 44%

The variability was higher for maxi mum annual discharge with coefficient of
variation of 54% for LaHave River and 35% for St. Marys River. The nost
variability was calculated for mninmm annual discharge with coefficient of
variation of 89% (LaHave River) and 83% (St. Marys River; Table 3).

DI SCUSSI ON AND CONCLUSI ONS

The hydrol ogical conditions in the Southern Upl ands Area of Nova Scotia showed
a relative high degree of variability in nost studies paraneters, especially
precipitation and discharge. Significant trends were observed in both nmean
spring air tenperatures (p < 0.005) and nean sunmer air tenperatures (p < 0.04)
at the Halifax Airport nmneteorological station (1961-1998). Both were
i ncreases, and the spring increase in tenperatures was calculated at 0.4 °C per
decade while the increase in sumer was calculated at 0.2 °C per decade. Air
tenperature is an inportant factor in deternmining the timng of the spring high
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flow as well as many biological factors. Such significant change in air
tenmperature could affect the period of |ow pH values in the spring.

Rel atively high variability was observed in precipitation with Cv greater than
20% (Table 2). On an annual basis, precipitation can vary between 1050 mm to
1930 nm The precipitation can be reflective of the acid deposition in a study
area. Such a wide range of annual precipitation, which can deviate as nuch as
36% from the nmean, can significant influence the range of acid deposition.
Variability of precipitation within season was simlar with a Cv of between 22%
and 28% No significant trends (p < 0.05) were calculated in the nmean annual
and seasonal precipitation at Halifax.

Two long-term data (1916 to 1998) stations in the Southern Uplands Area of
Nova Scotia were used to study changes in river discharge. The rivers were
LaHave River and St. Marys Rivers. Mean annual discharge showed no
significant trend over the years, although the river discharge can vary
significantly fromyear to year. Mean annual di scharge ranged from 17.6 ni/s
to 49.8 n¥/s for LaHave River with a mean value of 34.4 nf/s. Mean annual
di scharge ranged from 28.5 mi/s to 63.9 ni/s at St. Marys River with a nean
val ue of 43.0 n¥/s. Studi es have shown significant relations between pH and
discharge (Caissie et al. 1996; Feller and Kimmns 1979). Such studies have
shown that discharge can explain from 37% to 76% of the variability in pH for
rivers in British Colunbia and New Brunswi ck. Such inverse relation between pH
and discharge neans that years with higher nmean discharge will ultinmately
result in lower nean pH  Variability in discharge is therefore inportant when
studying variability in pH especially if the nmean annual discharge can vary
bet ween -50% and +50% of the mean annual flow, as was the case in this study.

Depending on the origin of future stormevents in the Southern Uplands Area of
Nova Scotia (and resulting deposition), increase in spring air tenperatures,
could potentially change snowrelt runoff processes. The increase in sunmer
tenperatures could add stress to fish, which are already subject to stress due
aci dification.

In conclusion, pH can be influence by many environnental paranmeters such as air
tenperature, discharge, and the anmount of precipitation (i.e. amunt of acid
deposi tion). It is therefore inportant to understand the variability in such
paraneters. Also, results showed in the present study that seasonal pH would
be expected to be nore variable than the nmean annual val ues based on seasonal
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variability in both precipitation and discharge. Annual 'y, precipitation and
di scharge showed simlar variability. Di scharge showed higher variability
seasonally than annually with Cv ranging from 30% to 58% conpared to val ue of
bel ow 20% on an annual basis. The summer woul d show the highest variability in
mean pH due to the highest observed variability in mean sunmer di scharge.
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Table 1. Hydrologic characteristics of analyzed Atlantic salnon rivers in Nova
Scoti a.

Par amet er s LaHave R ver St. Marys R ver
Area' 1250 1350

N (years) 83 83

MAF (ni/s) 34. 4 43.0
Runof f () 870 1007

o (% 59 54
Precipitation (mm 1420 1350

' Area = Drainage area in knf; N = Nunber of years of data; MAF = Mean Annual
Flowin m/s; Runoff = Unit discharge (discharge per unit of area) in mm
Cv = coefficient of variation of nmonthly flows.



Tabl e

precipitation (nr) at Halifax Airport Meteorological station (1961 to 1998).

13

Annual and seasonal variation in air tenperature (°QC

and

Peri od M n. Year Max. Year Mean Std Qv (%
Air tenperatures (°QC

Annual 5.1 °C 1972 7.4 °C 1998 6.1 °C 0.6 °C

W nt er -6.6 1993 -2.0 1998 -4.6 1.1

Spring 3.8 1967 8.9 1998 6.5 1.0

Sunmer 14.8 1986 17. 4 1990 16.3 0.6

Aut um 0.1 1989 4.8 1961 2.9 1.1

Precipitation (m

Annual 1048 nm 1965 1931 nm 1972 1446 nm 219 mm 15 %

W nt er 230 1970 579 1972 388 84 22

Spring 93 1992 373 1990 226 63 28

Sunmer 235 1997 571 1977 392 104 27

Aut umm 224 1984 640 1972 439 114 26




14

Table 3. Annual and seasonal variation in discharge (m/s) for two sel ected
rivers (LaHave and St. Marys River) in the Southern Uplands of Nova Scoti a.

Peri od M n. Year Max. Year Mean Std v (9N

LaHave River (NS)

Mean annual 17.6 m/s 1965 49.8 /s 1959 34.4 mls 6.9 m/s 20 %

Mean wi nter 18. 2 1940 87.3 1979 46. 5 14.5 31
Mean spring 28.4 1995 116 1923 55.9 17.1 31
Mean summer 1.91 1921 30.5 1973 12. 4 7.4 58
Mean autum  11.1 1965 82.0 1959 37.4 16. 4 44
Max. annual 94.3 1966 1080 1956 228 123 54
M n. annual 0.13 1960 9.4 1927 2.08 1.85 89

St. Marys River (NS)

Mean annual 28.5 mi/s 1960 63.9 m/s 1972 43.0 m/s 7.3 mis 17 %

Mean wi nter 15.9 1970 101 1953 49. 4 16. 2 33
Mean spring 38.6 1966 132 1956 73.8 19.9 27
Mean summer 3.19 1921 39.9 1970 17.5 9.6 55
Mean autum  18.9 1984 96. 7 1990 50.1 17.2 34
Max. annual 190 1965 974 1971 410 142 35

M n. annual 0.15 1942 7. 65 1964 2.06 1.7 83
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Figure 1.

Location of hydrometric and meteorological

stations in Nova Scotia.
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