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Where is The Clutha Catchment
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New Zealand’s largest river

Total catchment area 21,956 km?

Mean discharge to sea 615 m3s?

Length 338 km — 2"9 longest in NZ

Large seasonal flow variations

Highest point - Mt Aspiring (3027 m or 9931 ft)
40% of catchment is higher than 900 m (3000 ft)

Main part of the catchment is in a rain shadow.



Otago rainfall variability
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Taylor, M. and Bardsley, E., 2015. The Interdecadal Pacific Oscillation and the Southern Oscillation
Index: relative merits for anticipating inflows to the Upper Clutha lakes. Journal of Hydrology, 54(2), p.67.



All of these activities rely on a sustainable and consistent amount of water and can be severely impacted during times of
drought. Yet so far no index for measuring Clutha droughts has existed.



Flooding

1878 -5663 m3/s 1978 — 4634 m3/s

1994 — 2673 m3/s
At Roxburgh

1948 - 2662 m3/s

1957 - 3540 m3/s
1995 - 3050 m3/s

At Roxburgh
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1972 - Unknown
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1999 - 3679 m3/s At
Roxburgh
- 4165 m3/s At Balclutha

Queenstown Mall and Eicharts Hotel - 1999



Drought The creeping disaster
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Orographic precipitation and rain shadows
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Warm moist air cools
by 0.5 deg C per
100m altitude (1.5 C
per 1000’)

Rainfall,
millimetres/year
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Dunedin [ = Springvale

Cool dry air warms by
1.0 deg C per 100m
altitude (3.0 C per
1000’)

Central Otago
rain shadow

Key saline localities:

CR = Chapman Road

SSL = Sutton Salt Lake

Image from http://www.otago.ac.nz/geology/research/environmental-geology/geomorphology/evaporative-salts-central-otago.html
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Combined Clutha lakes mean monthly inflows {Wakatipu, Wanaka, and Hawea).
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Mean annual Clutha River flow at Roxburgh prior (brown line) and post (blue line) Hawea Dam
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Issues with using a various types
of Drought Indices

The large spatial variability in precipitation

- Difficulty with using an SPI
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Evaporation exceeds rainfall

- Part of the catchment is in permanent soil
moisture deficit

The large temporal variability in the lake inflows
And Modified nature of the river flow

- Can be allowed for with a hydrological drought Index Image courtesy of RNZ



Steps required to develop a
Hydrological Drought Index for the
Clutha Catchment

Select a flow site that:

Is representative of the main
parts of the catchment

Has a long, continuous
and accurate flow record

Not influenced by coastal
precipitation

Roxburgh Power Station

L




Steps required to develop a
Hydrological Drought Index for the
Clutha Catchment

2.

Obtain natural discharge from
Roxburgh by removing the
outflow from Lake Hawea
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Steps required to develop a
Hydrological Drought Index for
the Clutha Catchment

3.

The natural flows are sorted
from lowest to highest for
each individual date

A threshold value is
chosen that is close to,
but within, 1 o below the
mean.

A 1:5 year low flow
standard was selected as
the initial trigger point.
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Threshold values to trigger deficit measurements



Steps required to develop a YEAR 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963
Hvdrological Drought Index for 23-Nov 2 0 0 8 -1292 0 -242 -3814 0 -227 0 0 0 0 0 0 0 0
Y g g 24-Nov| 427 0 0 25 -1406 0 -297 -3834 0 -295 0 0 0 0 0 0 0 0
the Clutha Catchment 25-Nov 0 0 0 48 -1528 0 -350 -3407 0 -365 0 0 0 0 0 0 0 0
26-Nov 0 0 0 -67 -1659 0 -403 -2945 0 -432 0 0 0 0 0 0 0 0

27-Nov 0 0 0 76 -1792 0 -456 -2414 0 -490 0 0 0 0 0 0 0 0

4. 28-Nov 0 0 0 353 -1916 0 -510 -1800 0 -529 0 0 0 0 0 0 0 0
29-Nov 0 0 0 0 -2032 0 -568 -1102 0 -548 0 0 0 0 3 0 0 0

30-Nov 0 0 0 0 -2137 0 -628 -338 0 555 0 0 0 0 25 0 0 0

1-Dec 0 0 0 0 -2207 0 -691 474 0 -140 0 0 0 0 -70 0 0 0

When the natural flow is less 2-Dec 0 0 0 0 -228 0 -755 0 0 275 0 0 0 0 -115 0 0 0
than the threshold flow a 3-Dec 0 0 0 0 -2274 0 818 0 0 0 0 0 0 0 -154 0 0 0
o 4-Dec 0 0 0 0 -2283 0 87 0 0 0 0 0 0 0 -187 0 0 0

flow deficit is calculated 5-Dec 0 0 0 0 -1869 0 -922 0 0 0 0 0 0 0 -216 0 0 4
6-Dec 0 0 0 0 -1877 0 -959 0 0 0 0 0 0 0 -237 0 0 -1

7-Dec 0 0 0 0 -1896 0 -9a8 0 0 0 0 0 0 0 -265 0 Y

o 8-Dec 0 0 0 0 -1915 0 -1013 0 0 0 0 0 0 0 -300 0 0 -4

The flow deficit is 9-Dec 0 0 0 0 -1932 0 -1035 0 0 0 0 0 0 0 -342 0 0 59
accumulated until such time 10-Dec 0 0 0 7 -193 0 -1061 0 0 0 0 0 0 0 -391 0 0 -80
11-Dec 0 0 0 -24 -1513 0 -1093 0 0 0 0 0 0 0 -454 0 0 -99

as the natural flow exceeds 12-Dec 0 0 0 51 -1057 0 -1130 0 0 0 0 0 0 0 -508 0 0 -118
the threshold flow 13-Dec 0 0 0  -87  -569 0 -1169 0 0 0 0 0 0 0 -609 0 0 -1
14-Dec 0 0 0 -135  -57 0 -1213 0 0 0 0 0 0 0 -702 0 0 -174

15-Dec 0 0 0 -189 464 0 -1257 0 0 0 0 0 0 0 -800 0 0 -214

L = p T n i n aAaA al n 47347 n n i n n al n [aTgal al n 8T

The accumulated deficit is
increased by the natural flow
until there is no longer a deficit



Steps required to develop a
Hydrological Drought Index for
the Clutha Catchment

5.

For each year the annual peak
deficit is calculated

The mean annual peak flow
deficit is calculated (2362
cumec-days)

The daily flow deficit is
standardised by dividing by the
mean peak deficit to give an
index value

YEAR

26-Feb-30
27-Feb-30
28-Feb-30
1-Mar-30
2-Mar-30
3-Mar-30
4-Mar-30
5-Mar-30
6-Mar-30
7-Mar-30
8-Mar-30
9-Mar-30
10-Mar-320
11-Mar-20
12-Mar-30
13-Mar-30
14-Mar-30
15-Mar-30
16-Mar-30
17-Mar-30
18-Mar-20
19-Mar-30
20-Mar-30

ma mom EN

1946
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

P

1947
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

P

1948
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-~

1949
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

~

1950
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

P

1951
0.61
0.62
0.64
0.65
0.67
0.69
0.70
0.73
0.75
0.77
0.79
0.82
0.85
0.28
0.90
0.93
0.95
0.96
0.98
0.99
1.01
1.03
1.05

1952
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

~

1953 1954
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

P

1955
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-~

1956
0.29
0.40
0.41
0.43
0.44
0.46
0.47
0.49
0.51
0.53
0.55
0.58
0.61
0.04
0.67
0.71
0.74
0.77
0.80
0.83
0.86
0.89
0.92

o

1957
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-~

1958
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

P

1959
0.00
0.00
0.01
0.02
0.04
0.05
0.08
0.10
0.12
0.14
0.17
0.19
0.22
0.23
0.24
0.11

-0.03

0.00
0.00
0.00
0.00
0.00
0.00

-~

1960
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

~

1961
0.09
0.11
0.13
0.14
0.15
0.15
0.03

-0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

P



Hydrological Drought Index for the Clutha Catchment

The resulting index is a measure of
both the duration and the intensity
of a drought

0-0.5 Low flows, but not yet a drought
0.5-1.0 Mild Drought

1.0-2.0 Moderate Drought

2.0-3.0 Severe Drought

> 3.0 Extreme Drought



1930

Year

2014

Drought severity: Grey — No drought, pale yellow — mild drought, dark yellow — moderate drought, orange — severe drought, red — extreme drought



Conclusion

This Hydrological Drought Index is:

» Desirable to enable stream and river users to determine the point at which a drought actually starts, how severe
it actually is and also when it is actually over

e Based on readily available data

* Integrates the effects of precipitation, snow melt and accumulation, and evaporation across diverse
topographies

* Allows for very large flow variability over small time frames.

e The methodology could equally be applied to similar catchments.
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