Assessing the effect of climate change on flow regime characteristics
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Introduction

Preliminary Results

• Fish life history structure is largely dependent on flow regime
characteristics of streams and rivers [1].

IHA – Case Study

Mann-Kendall:

• Habitat for aquatic and riparian species is modified as a result of
flow alteration, which can impact the magnitude, variability and
frequency of flows [2]. Two major causes of flow alteration are land
use practices and climate change [3, 4].

• Significant trends were identified for the 184 rivers at significance
values of 0.05 and 0.1 for each season for the summer and winter.
Summary for significant seasonal trends identified by the Mann-Kendall test (P – Positive trends; N – Negative
Trends).

Parameter

• Therefore, it is important to understand the ecological impacts of
water extraction on stream hydrology.
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Current:
• Estimate the impact of temperature and precipitation data on
trends in flow regime characteristics.
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Future:
• Assess the ecological impacts of water extraction on stream
hydrology and Alberta’s fish community structure and function.
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Data was analyzed for the period 1961-2010. Only stations with at
least 40 years of data were analyzed for significant trends (184
stations were analyzed in total).
The parameters of the indicators of hydrologic alteration [7].

Positive

• The W.A.C. Bennett Dam is a hydroelectric
dam that was built on the Peace River, in
northeast British Columbia in 1967 [11].
Looking at the monthly flow for July, similar trends are observed at
both stations. Decrease of the median July flow post-impact is similar
at both stations.
Median July monthly flows at both stations, pre- and post-impact.
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Monthly Magnitude - Winter
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Timing

Median monthly flows

Group 2:
Annual extreme water
conditions

Magnitude,
Duration

Annual minima 1-day means
Annual maxima 1-day means
Annual minima 3-day means
Annual maxima 3-day means
Annual minima 7-day means
Annual maxima 7-day means
Annual minima 30-day means
Annual maxima 30-day means
Annual minima 90-day means
Annual maxima 90-day means

Group 3:
Timing of annual extreme
water conditions

Timing

Julian date of annual 1-day max
Julian date of annual 1-day min

Group 4:
High and low pulses

Magnitude,
Frequency,
Duration

# of high pulses
# of low pulses
Mean duration of high pulses
Mean duration of low pulses

Group 5:
Water condition change rate
and frequency

Frequency,
Rate of Change

Means of all positive differences between consecutive daily flow values
Means of all negative differences between consecutive daily flow
values
# of rises
# of falls
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Hydrologic Index

Group 1:
Monthly Flow Conditions

Peace River

Resource development
upstream of the
Fitzgerald station has
increased over the last
several decades,
including oil and gas
development, mining,
agriculture, forestry,
and hydroelectricity
[12].

Significant trends in IHA characteristics and climate data were
identified using the Mann-Kendall test [8, 9]. The correlation between
the trends in annual climate and annual IHA characteristics was
explored using non-metric multidimensional scaling (NMDS).

Regime
Characteristics

Fitzgerald

• The Peace River is a tributary of the Slave
River.

Temperature - Summer

Daily flow data was obtained from Environment Canada and climate
data was generated using the ClimateNA v5.10 software [5, 6]. The
Indicators of Hydrologic Alteration (IHA) approach was used to
determine hydrologic characteristics [7].

Parameter Category

• The Fitzgerald Station is on the Slave River.

Total

• Significant (α = 0.05) positive flow trends were located mostly in
the south, while the negative trends were more prominent in the
north. Winter precipitation and temperature were distinctly
divided in the south and north, respectively.
Monthly Magnitude - Summer

• The flow data at two stations (Peace River
and Fitzgerald) were analyzed using the
IHA software [10].

The locations of the Peace River and
Fitzgerald river stations.

Post-Impact

Temperature - Winter

The July hydrographs from the two stations indicate similar impacts as
a result of the dam construction. As flows are managed extensively
through the dam, the impact from other industries is difficult to
ascertain.
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