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Overview

1. Dominance of hydro inflows and storage in NZ electricity system modelling

2. Can we use historical hydro and wind records to represent variability in future
energy modelling? - changes to hydro inflows and wind speeds over time

3. Future hydro inflows and wind projections

* Mid-range emissions scenarios
* High range emissions scenarios

4, Impacts on modelling from changes to wind and water — mid-range emissions,
storage and spill impacts

5. Adjustments for energy modelling hydro inflow data, to incorporate climate change

6. High emission scenario hydro inflow modelling — initial results
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1. Dominance of hydro in NZ energy system modelling
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2. Can we use historical hydro and wind records to represent
variability in future energy modelling?

* changes to hydro inflows and wind speeds over time

* Isthe past a good model for the future?

MNational
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2. Can we use historical hydro & wind records to represent variability in future modelling
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2. Can we use historical hydro & wind records to represent variability in future modelling

NZ total annual wind energy at 20 existing or proposed NZ total annual hydro energy at existing sites - 1932-2020
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* 5% shift between different phases of the
Inter-decadal Pacific Oscillation

7% shift between different IPO phases

* These are annual changes. What about seasonal shifts?
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2. Can we use historical hydro & wind records to represent variability in future modelling

Smoothed Pukaki inflows over time 250
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* There is clear evidence that our climate has already changed considerably over the past century

* The climatological “normal” (best representation of “current” climate) is the average of the last 30 years
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2. Can we use historical hydro & wind records to represent variability in future modelling
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So if we want to represent the very important volume of hydro inflows we can expect out to mid-century in our
models, how should we adapt them for climate change?
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3. Future hydro inflows and wind projections

 Mid-range emissions scenarios

* High range emissions scenarios
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3. Future hydro

and wind projections

- climate models
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3.

Future hydro and wind projections — NIWA projections

River Mean flow Flow Flow exceedance
extremes percentiles
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Summary of the projected hydrological changes (direction indicated by the arrow/colour)
for 20 rivers around NZ from now to mid-late century — mid-range emissions scenario.

North
Island

South
Island

Generally, we are expecting North Island river
flows to get drier

And South Island river flows to get wetter.

80% of NZ hydro electricity catchment inflows are
in the South Island

Source: Collins, Montgomery & Zammit 2018, Table 1



3. Future hydro and wind projections - Projected changes to hydro lake inflows by 2050

Waikato catchment projected weekly inflow changes 2020-2050 (%)

- all emissions scenarios

Lake Pukaki projected weekly inflow changes 2020-2050 (%)

Change in inflows (%)

1%

2ummer = drier

0% T T T T T T

2%
Winter = same
-4%

-6%

-8%

-10%

Change in inflows (%)

25%

20%

-
wu
=X

._.
o
=

5%

0%

-5%

-10%

Winter = wetter

[ = I e T — T -+ B - = T = O - N S T &
T 0 m @ o 8 &8 228 3 3 35 2 2 2 335 0o 2 2 00 o o o
S atE335sgs3332ddsgg203l=zsz24028
= n @ N 0w A om Lo @ — M ™~ O s 00 oA M M~ e

AR B AP N B ~ ™~ — o aodRN =N ~ 9 = m

—RCP 2.6 —RCP4.5 —RCP6.0 —RCP 8.5

iy Challenges

§ EE 98 3523855332323 3585383833%
—RCP2.6 —RCP4.5 —RCP6.0 —RCP8.5
N\
RCP Summer Autumn/Winter\ Spring /Annual\
2.6 -3% -1% 1% -1% -1%
4.5 -6% -3% 0% -3% -3%
6.0 -5% -3% 1% -3% -3%
8.5 -9% -4% 1% -6% -4%
folvtere) I INA) THE DEEP SOUTH

Te Kémata o Te Tonga

PN N\

/ Annual \

summer Autumy( Winter\ Spring

RCP
2.6 -2% 0% 1% -1% 0%
4.5 -1% 3% 6% 2% 3%
6.0 -1% 3% 10% 2% 4%
8.5 1% 8% 20% 7% 9%

N~Tta source: Dr ChristionZammit, NIWA

28t Aug 2023: Climate Change impacts water & wind



http://www.otago.ac.nz/

+20%

HAD model

1-yr rolling 95th%ile inflows —

ity changes

ions — variabil

t

Future hydro and wind projec

3

960Z/TT/0E
@] 950Z/11/0€
+ £802/1 1 fos €60Z/11/0€
w Q 0502/ 108 060Z/11/0€
o £ © £802/11/08
O =  807/11/0¢ Q
o * + ¥80Z/11/0€
o tB0Z/TT/0E —_ O g
m v ) (¢D] 1802/11/0€
S 180Z/11/0€ o o m
% O  sroz/it/0e (@) X 'S 8L0Z/TT/0E
bt m S£0Z/11/0€ € % H §Loz/1T/08 "
w 00  zozitjoe W () oS ueefee
4 Wo 690Z/11/0E M M m O save/11/oe &
S
% - 990Z/T1/0€ M o ) 990z/11/0€ nmn
O O esoz/rr/oe _ p_) O T ee0z/i1/oe
O @  090z11/E o W a w 0902/11/0€ W
w ﬂ £50Z/1T/0E % O o M.uohmo@‘:am a
— o > (V]
L oo vsezitiee Q c < o vSOZ/TT/0E
& 150Z/11/0€ _ = 0O 5 1501t/
m 8r0zZ/T11/0€ % 8r0Z/TT/0E A
m SP0Z/TT/0E H X svoz/ir/oe F
n_b ZrOZ/1T/0E W ma r0Z/1T/0E m
2 6E0Z/TT/0E n_n 00 6E0Z/T1/0E _
m: 9E0Z/TT/0E cC 9E0Z/TT/0E
Ke) gg0z/11/0e L = EEQL/TT/OE
o~ [@) ~
x 0E0T/TT/0E bt 0E0Z/1T/0E @
nm £LZ0T/1T/0E M W: LZOT/TT/0E o
vz0z/11/08 - ¥Z0z/TT/0E _
120Z/T11/0E 1202/11/0¢
810Z/11/0€ 810Z/TT/0€
ST0Z/11/0€ ST0Z/TT/0€
ZI0Z/1T/08 Z10Z/11/0€
6002/11/0€ 600Z/11/0€
900Z/T1/0E a002/11/0€
(=] (=] (=] (=] o (=] (=] (=] (=]
g 8 B 8| 8 & 28 & A & 5 = 3 3 i A
(SI9WIN2) SMO|JUI 3]I%UISE (saawna) smojul 3|1%Y1s
S
—
=
0 ~
o S
9602/90/T | — S
esoz/90/1 | m
060Z/90/1 % _M
£80z/30/1 | O 8
3 -
et v80Z/90/T | — =
O W S
%. 1802/90/1 Q o
3 © X
% 8£0z/90/1 | O Q
v o 5£02/90/1 € e
o - 2L0z/90/1 | o 3
a0 o 630z/90/1 | 2 o
[ (Ce) [eT4] =
2 o 990z/99/1 | © 8
o
M o £902/90/1 | ©
Re) b 0s0z/90/1 | L
)
© Mb tsozfao/t | O
S (0]
o9 © psoz/oo/t | >
=] N - ©
‘O < S) 150Z/90/1 ~
- © 1
c > S 8v0g/30/T | 00
c
C & o Sv0Z/90/1 @
v £ = o
s c Zwoz/o0/1 | =
S ¢ o—
2= > 6£02/90/1 v
2 n — =
o 5 1) 9e0z/90/1 | O
€ D ° =
dJ] EE0Z/90/1 c
o o] —
53T Q 0£0z/90/1 | T
o ) [¢]
€ o O £202/90/1 | X
= O >
- r.h o) v20z/90/1 | o
c 9 = Q
oo 1202/90/1 | <&
O O Q. ©
c © = 810Z/90/1 | —I
] = -
(ST © sT0z/90/1 | =
L O = ©
‘© = > z10z/90/1 | ©
5 3 Q. 6002/90/1 | O
= ~ 9002/90/1 o
c v © o o o o o o o 9
=2 = | g 3 = = = S o
S
(soawna) smojjul Ajlep e)nd e paialold aB
L] L]

National

SCieNCE

UNIVERSITY

ge)
=
2
oJ
—
(O]
+—
@©
2
(%]
o+
O
©
Q.
£
(]
o
[
©
=
(®)
(]
o+
@©
£
O
™
(o)
o
N
(eT0]
>
<
Um
(0.0)
N

THE DEEP SOUTH

13

m
o
j=
=]
e
€U
e
o
m
)
m
E
(=]
=
o
=

Challenges



http://www.otago.ac.nz/

860Z/71/1

960Z/TT/0E
¥602/TT/1 ) £502/11/0E
_ 0602/T1/1 w 5 060Z/11/0€
[} beT) £802Z/11/0E
o 980Z/21/1 e e oz o
(@] O
£ m 7802/21/1 .w %. m 1802/11/0¢
b o] c |m 8L0Z/TT/T I W S sLoe/1rfee
© o c vL0e/TUT | - 5£0Z/11/0€
T ) v Qo ™
O O I © < S woefitjee
| O = 0L0Z/TT/T o c © O «
o o ¥ o Q nw O 6902/11/0€ a
b S bqna 990Z/71/1 o T @ @ soeiee &
et 5 9 7907/2T/1 _ M m W £907/11/0€ _
fras} O o ° ) 090E/TT/0E O
% = 850Z/21/T 3 O Q= I
W o o 2 frg muo £50Z/11/08
3 o 9 7S0T/TL/T S c = o e b
...m Z = 0502/ZT/T _ K} [ 1502/TT/0€E _
e WOT/TL/T 1 ° svoz/ivoe
m < < spoz/iTfoe <t
= N&DN\N._“\._“ @ ;_HTJ Zr0e/T1/0E @
m 8£0Z/TT/1 D_n mb 6E0Z/T1/0E nmn
© YE0Z/2T/T o = 9€0Z/1 1/0€ ©
£ or0z/ZT/T N o SEOTITHOE
g @ o 0E0Z/TT/0E m
m 9z0Z/2T/1 D_n > Lzoz/11/os
m oy/TT/T — vZ0Z/1T/0€ _
” 8107/21/T 120Z/11/0€
y _\ \ 2T0Z/TT1/0E
1
— vioe/et/t ST0Z/TT/0E
0T0Z/21/T Z10Z/11/0E
900Z/TT/T 5002/11/0€
w m w m w w a00z/T1/0E
7, T & g = 8§ 3 2 9 2 a S
e {s2awna) pualy smojyul Xep (sa8WN2) smojul 3194415
o N
i — =
(V]
(&)
! =
) 960Z/90/1 Ce} S
o
- g50z/90/1 | O S
.I N N
— 0602/90/1 — o
o) 802/30/1 | g S
3 3
(- © 1802/90/1 & S
— .
ﬂva m 8702/90/1 m Q
..“__ . S£02/90/1 fs m
_ o z£0z/90/1 r..wuo W
(V)] m 6902/90/1 .— M
m ~ 9902/90/1 M IS
(7] oo Q
o o O £902/90/1 &
.—a MD 0902/90/1 o
Q T £502/90/1 Wa
.m -m 502790/ )
1502/90/1 0
st 3 o
o o e 8102/90/1 @)
E e ..m Sv0Z/90/1 o
- (%]
c - Zv0z/90/1 2
o Q . 6£02/90/1 o
= : e
w ﬂ ~ 9e02/90/1 =
- m. " EE0Z/90/1 b=
c m. . 0E0Z/90/1 m
S - £Z0Z/90/1 e
..... S
nn.. vz0z/90/1 =
m £ 1202/90/1 M
ge) |m 8102/90/1 e
> r §T02/90/1 wnla
i b ZT0z/90/1 =
Q .w 6002/90/1 >
o] =
w - 9002/90/1 %
ﬁm o o
= S S g S 3 -
u ™~ o~ — ..DI_L
(saawina) smopjul Ajlep uawydzed o1exleps palasfold O
L 2
(@]
a

3

UNIVERSITY

National

SCieNCE

Challenges

OTAGO

Te Whare Winarga o Ol
o

14

THE DEEP SOUTH

ge)
£
2
oJ
—
(O]
+—
@©
=
(%]
o+
(&}
©
Q.
£
()
o
c
©
=
(®)
(]
o+
@©
£
O
™
(o)
(@]
N
(eT0]
>
<
<
(00]
N

-]
(=]
o
-
w
=
=]
m
H
m
=]
=4
L]
=

NEW ZRALAN


http://www.otago.ac.nz/

4. Impacts on modelling outcomes from changes to water

e Storage and spill impacts from mid-range emissions scenarios inflows

MNational
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4. Impacts on modelling outcomes from changes to water — mid-range emissions - storage

* Combination of changes to inflows and 100% renewable (more intermittent) system

» Storage held higher, as a result of increased intermittency of generation (model avoids low storage) and
increased inflows. More time spent at higher storage levels.

* But range of storage decreases as winter inflows increase significantly, so lakes spend more time full, less

time empty.
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Lake Pukaki modelled weekly hydro storage 2020-2050 — min, mean, and
max of 89 hydrological sequences based on past history, trended for
climate change, and modified through hydropower scheme management.
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storage for Lakes Pukaki, Tekapo, Hawea, and
Manapouri, for 2020 and 2050 (87 hydrological
sequences).
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4. Impacts on modelling outcomes from changes to water — mid-range emissions - spill

* Aslakes are held higher in future, and flood peaks increase, the amount of water spilt (down spillways, 400 Nov to I\/Iayl
and not generated with) is modelled to increase over time. 350 [ 1
300 i Iy -':I.
* As winter inflows increase, spill can occur at any time of the year, whereas in the past it has traditionally s 2022
occurred in summer, when hydro lakes are at their highest. % 2o P
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Lake Pukaki modelled weekly spill 2020-2050 — min, mean, and max of Lake Pukaki modelled weekly spill for 2022 (top)
87 hydrological sequences based on past history, trended for climate and 2050 (bottom) — min, mean, and max of 87
change, and modified through hydropower scheme management. hyrological sequences.
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4. Impacts on modelling outcomes from changes to water — mid-range emissions - spill

% of generation % of generation

Lake Pukaki & Tekapo 133 500 1.8% 6.0%
Lake Hawea 56 117 1.5% 3.1%

5.8% 2.2%

Lake Manapouri

Total ( ’ii\ ( ’1;;%\ ( 28%Y  ( 63% )

N N N

Modelled spill from major hydropower storage lakes in the Waitaki, Clutha, and Manapouri
catchments for 2020 vs 2050, averaged over 87 hydrological sequences (GWh), and relative to
current generation from that catchment, under a middle of the road emissions scenario.

* The increase in spill by 2050 (600GWh) is somewhat offset by the increase in annual inflows (430GWh) by this time.

* |nitial work shows that future increased storage and spill is caused by changes to annual inflows, electricity demand,
and increased renewables.
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5. Adjustments for energy modelling hydro inflow sequences,
to account for future climate change

MNational
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Projected changes to hydro lake inflows by 2050 - annual
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RCP 2.6 1% 0% 0% -1% 0% -1% 1% 0% 0% -3% -2% -1%
RCP 4.5 2% 2% 3% 1% 2% 0% 1% -2% -2% -3% -3% -3%
RCP 6.0 4% 2% 4% 2% 3% 0% 0% -1% -1% -3% -3% -2%

 RCP 4.5 “most likely” scenario

e Other RCPs still possible

Data source: Dr Christian Zammit, NIWA
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Projected changes to hydro lake inflows by 2050 - seasonal  oata source: br christian zammit, Niwa

[ ] [ ] o [ ] L]
RCP2.6 — low emissions future RCP8.5 — high emissions future

LPCon |Manapo GYM- | IS5L- | KIK- | BPE- |Tonga|Waikare | BOP- LPCon |Manap GYM- | I5L- | KIK- | BPE- [Tonga | Waikare | BOP-
region uri  |Clutha|Pukaki|Tekapo| RoR | RoR | RoR | RoR | riro | moana | RoR [Waikato region k RoR | RoR | RoR | RoR | riro | moana | RoR [Waikato
1-Tul 2% 2% 1% 1% % | 1% | 1% | 1% | 1% 0% 1% 1% 1-1ul 20% ; 13% | 10% | 11% | -1% | 6% -3% 3% | 2%
E-lul 1% 1% 1% 1% 0% | 0% | 1% | 0% | 0% 1% | 1% 0% 8-lul 13%Y | 13% [ 10% | 11% | 0% | 6% -3% 3% | 2%
15-1ul 0% 0% 1% 0% 0% | 0% | 0% | 0% | -1% 1% | 0% 0% 15-1ul 13% | 13% [ 10% | 10% | 0% | 7% -3% -2% | 3%
22-1ul 1% 0% 0% 0% 1% | 0% | 0% | -1% | -1% 0% 1% 0% 22-1ul 13% )| 13% [ 9% | 11% | 1% | 7% -3% 1% | 3%
25-Jul 1% 1% 0% 0% -1% | 0% | 1% 0% 0% 1% 1% 0% 25-1ul 12 12% | 9% | 10% | 1% B% -2% -1% 3%
5-Aug -T% 1% 0% 0% 1% | 0% | 0% | 0% | 0% 1% 1% % S-Aug | S§Ee [ 12% | 218 12% | 7% | 10% | 1% | 5% -3% 1% | 2%
TAug | 2% | 1% | 1% | 1% | 2% | 0% | 0% | 1% | 0% W | 2% | 1% 12-Aug | 157 llee [DRSees™ 11% | 19% | 6% | 9% | 0% | 5% % | 2% | 1%
19-Aug 7% % 1% 1% % | 0% | 0% | 1% | 1% i 3% 7 19-Aug | 13% | 10% | 19% | 10% | 11% | 5% | %% | 0% | %% 3% 7% 1%
26-Aug 7% 2% 1% 1% 2% | 0% | 0% | 1% | 1% e % 7% 26-Aug | 10% 8% 17% o% 10% | 4% | B% [ 0% | 3% -3% -2% 0%
2-5ep 1% 1% 1% 1% 1% | 0% | 0% | 1% | 1% e R 1% 2-Sep 10% 7% 16% B 0% [ 3% | 7% [ -1% | 2% 2% -3% 0%
9-Sep 7% 2% 1% 1% 1% | 1% | 0% | 1% | 1% e 3% 1% 5-Sep % 6% 15% T 9% | 2% [ 7% [ 1% [ 1% 4% 3% | -1%
16-5ep 7% 2% 0% 1% 1% | 1% | 1% | 1% | 1% % 3% 1% 16-Sep 8% 2% 13% 6% Jh | 1% | B% | -2% [ D% -5% 4% | -2%
23-5ep -1% 1% 0% 1% 1% | 1% | 0% | 1% | 1% % 3% 1% 23-Sep 7% 5% 11% 5% T [ 0% | 5% | -2% | -1% -5% 5% [ 3%
30-Sep 1% 1% 0% 1% 0% | 1% | 1% | 1% | 2% % 3% 1% 30-Sep 6% % S 4% B% [ -1% | 4% | -3%

7-Oct 1% 1% 0% 1% 0% | -1% | 1% | 1% | 1% 1% 7% 1% 7-Oct 75 + 8% 3% B% [ -1% | 4% | -3%

14-Oct 1% -1% 0% 1% 0% | -2% | 1% | 1% | 1% -1% 1% 0% 14-Oct f% 4 6% 2% 6% | -1% | 3% | -3%

21-Oct 0% 1% 0% 1% 1% | -2% | 1% | 1% | 0% 7% | -1% | 1% 21-Oct B% EE 5% 1% 5% [ -I% | 3% [ -5%

28-0cx -1% -1% 0% -1% 1% | -2% | 1% | 0% | -1% A% | -2% | -I% 28-Oct 5% EE 3% D% 5% [ -I% | 2% [ 3%

4-Nov 0% -T% -1% -1% 0% | -3% | 0% 0% | -2% 4% | -3% | -3% 4-Mov 5% 3% 2% -1% S% | -1% | 2% | -3%

11-Nov 0% -1% -1% -1% 1% | -3% | 1% 0% | -1% % | 3% 3% 11-Mov 5% 3% 1% -1% 5% [ 2% | % [ -3%

18-Nov 0% 2% 1% 7% 0% | 2% | 0% | 0% | -1% | 9% | 9% | % 18-Nov 5% 3% 0% 2% 4% | T [ 1R | 3%

25-Nov 0% -21% -1% -21% 0% | -2% | 1% | -1% | -1% 5% | -3% 3% 25-Now 5% EE -1% -2% 2% | -2% [ 1% | -1%

2-Dec 1% -1% -1% -1% 1% | -1% | 1% | -1% | -1% % | 3% 3% 2-Dec 5% 3% -1% -2% 4% | -2% | 0% | -2%

g-Dec 0% -1% -1% 3% 0% | 2% | 1% | -1% | -1% % | 3% 3% S-Dec 4% 3% -2% -2% 3% [ 2% | 1% | 3%

16-Dec 1% -1% -2% -1% 1% | 2% | 0% | -1% | -1% B% | 4% | 3% 16-Dec 5% EE -1% -2% 2% | -3% [ 1% | 9%

23-Dec 0% T 2% 3% 0% | 2% | 0% | -1% | -2% (B 9% | 9% 23-Dec 4% 2% -2% -2% 3% | -2% | -1% | 4%

30-Dec D% -1% -3% -3% 0% -3% | O | -1% | -2% T% | 2% 2% 30-Dec 4% 3% 0% D% 4% [ -2% [ -1% [ -3%

f-lan 1% -2% -2% -3% 0% -3% | O | -2% | -2% 6% | 2% -2% G-Jan 4% 3% 0% 0% 3% [ 2% | 2% [ 4%

13-lan 2% -1% -1% -2% 1% -2% | 1% | -2% | -2% 7% | 3% -2% 13-Jan 5% 3 0% 0% 3% [ 3% [ 2% | 4%

20-Jan 1% -1% -1% -2% 1% -1% | 1% | -2% | -1% 7% | -3 5% 20-Jan 5% 4% 1% 1% 2% [ -3% [ -2% | -5%

27-lan 2% -T% -1% -1% 1% -1% | 1% | -2 | 0% T% | 4% -2% 27-lan 5% 4% 2% 0% 2% [ 3% [ -2% [ 5%

3-Feb 2% 1% 1% 1% 1% 2% | 1% | 2% | 1% 8% | 4% 4% 3-Feb 5% 2% 2% 1% 3% [ 3% | -2% [ 5%

10-Feb % 1% 0% 1% % | 2% | 1% | 2% | 1% 7% | 5% | 4% 10-Feb 5% 3% 3% 1% % | -2% | -2% | 5%

17-Feb 3% 0% 0% 1% T | 2% | 2% | 2% | 1% % | 6% | 4% 17-Feb 5% 4% 3% % % | -2% | -2% | 4%

24-Feb 3% 1% 0% 0% % | 1% | 9% | 2% | 1w &% | 6% | 5% 24-Feb 5% % 5% 2% % | 1% | 0% | 3%

2-Mar 3% 1% 0% 0% 2% | 1% | 2% | 2% | 1w 5% | 6% | 4% 2-Mar 43 3% 5% % 3% | 1% | 0% | 3%

9-Mar 3% 1% 0% 0% Zh | 1% | 2% | 2% | Zm 5% | 5% | 3% 9-Mar 4% 3% 6% 3% 4% [ 0% [ 0% [ 3%

16-Mar 5% % 1% 0% Zh | 0% | 2% | 1% | 2% % | % | 3% 16-Mar | 4% 3% 5% % % | 0% | 0% | 2%

23-Mar 3% % 0% 1% % | 0% | 2% | -1% | 1% % | 1% | 3% 23-Mar | 3% T 5% % B% | 0% | 1% | 4%

30-Mar 3% 1% 0% 0% % | 0% | 2% | -1% | 1% 3% | 6% | 2% 30-Mar | 4% 3% 5% % B% | 1% | 1% | 5%

B-Apr 3% 2% 0% 0% 1% 0% | 1% | -1% | 0% 3% | 5% -1% B-Apr 4% 3% 6% 2% 5% | 2% | 1% | -5%

13-Apr 7% 1% 0% 0% 1% | -1% | 2% | -1% | 0% 3% | 6% | -2% 13-Apr 3% 3% 6% 3% 5% | 2% | 1% | 5%

20-Apr 2% 1% 0% 0% % | 0% | 2% | -1% | -1% 1% | 8% | -1% 20-Apr 435 3% % 3% 5% | 2% | 2% | G

27-Apr 7% 1% 0% 0% % | 0% | &% | 0% | -1% 1% | 3% | 1% 27-Apr 5% 3% % 3% B% | 2% | 3% | 6%

2-Way % ) 1% 1% T | 1% | 1% | 0% | -1% 1% | 2% 0% 4-May 6% 5 0% % 5% | 3% | 3% | 6%

11-Way 3% 1% 1% 0% % | 0% | 0% | 0% | -1% 1% | 2% 0% 1l-May | 9% 5% 1% 5% B% | 4% | 4% | 6%

18-Ma 1% 1% 1% | 0% | 1% | O% | O 1% | 1% 0% 18-May | 10% T 5% 6% B% | 5% | 4% | %

25-May % 1% Tm | 1% | % | 0% | -1% % | 1% 0% 25-May | 1l% I 4% 7% 6% | 5% | 5% | 6%

1-Jun % 1% P% | 1% | 1% | 0% | 0% 2% | 0% 0% 1-Jun 13% 0% T6% B% 7% | 6% | 6% | 5%

E-Jun 3% 2% % 9% | 1% | 19 | 0% | 0% 1% | 0% 1% B-Jun 15% | 10% | 1% % 0% | 7% | B% | 9% | oW = 2%, 0%
15-Jun 2% 2% 2% % 1% | 1% | 1% | 0% | 0% 1% | 0% 1% 15-Iun T7% | 11% | 20% | 11% | 10% | B% | B% | -3% | 2% 3% A% 0%
27-lun kS T i3 kS T/ | 1% | 1% | 0% | 1% T% | 1% 1% 22-lun 8% | I7% [ HE% | I7% | IT% | 9% | 9% | 2% | 5% 7% -I% 1%




Projected changes to wind speeds by 2050 - seasonal

RCP2.6 — low emissions future RCP8.5 — high emissions future

LPCon | White Mahin | West TeRere Central | Harap | Wood LPCon | White Mahin | West TeRer Central| Harap | Wood
region hill |FlatHill| MtStuart (erangi| wind | Millerk |HauNui| TeApiti| Hau ™ T2 T3 |TeUku|Hurunui| MtMunro| Patea | Wind | aki Hill |Pouto region hill  |FlatHill| MtStuart [erangi| wind |Millerk HauMui| TeApiti| eHau | T1 T2 T3 |TeUku|Hurunui|MtMunro | Patea | Wind aki Hill |Pouto
ul| 2% | 1% | 0% | 0% | 1% | 1% | 0% | 2% | 2% | 2% | 2% | 2% | 0% | 1% 1% | 2% | 1% | 2% | 0% | 0% Tull 8% [ 7% | 1% | 1% | 6% | 6% | 2% | 7% | 79 | 7% | 7% | 7% | 6% [OM0SaN] 5% | 8% | 8% | 1% | 3% | 3%
Bull 1% | 1% | 0% | 0% | 1% | 1% | -1% | 2% | 2% | 2% | 2% | 2% | 0% | 3% 1% | 2% | 1% | 1% | 0% | 0% BJull 8% [ 7% | 1% | 1% | 5% | 5% | 2% | 6% | 6% | 6% | 6% | 6% | 5% |N@OsN] 4% | 7% | 7% | 1% | 2% | 2%
15-Jul] 1% 1% 0% 0% 0% 0% -1% 2% 2% 2% 2% 2% 0% 2% 1% -1% | -1% 1% 0% 0% 15-Jul] 8% 8% 1% 1% 5% 5% 2% 7% 7% 7% 7% 7% 5% 11% 5% 8% 8% 0% 2% 2%
2oul| 1% | 0% | 0% | 0% | 1% | A% | 1% | 2% | 2% | 2% | 2% | 2% | 0% | 1% 1% | 9% | 2% | 1% | 1% | 1% 22ull 8% | 9% | 1% | 1% | 5% | 5% | 1% [ 6% | 6% | 6% | 6% | 6% | 3% 4% | 7% | 7% | 0% | 1% | 1%
20-Jul]l 0% | 1% 1% 1% | -2% | -2% | -1% | 2% 2% 2% | 2% | 2% | 0% 0% 1% 2% | -1% | 1% | 1% | 1% 29-Julj 10% | 10% 2% 2% | 4% | 4% 1% 6% 6% | 6% | 6% | 6% | 3% | 11% 4% 7% | 7% | -1% | 0% | 0%
s-Augl -1% | 0% 1% 1% | -2% | -2% | -1% | 2% 2% 2% | 2% | 2% | 0% 0% 1% 2% | 1% [ 0% | 1% | 1% S-Augl 11% | 10% 2% 2% | 4% | 4% 1% 6% 6% | 6% | 6% | 6% | 3% | 33% 4% 7% | 6% | -2% | 0% | 0%
12-pug| -1% | 0% 1% 1% [ -1% | 1% | 1% | 2% 2% 2% | 2% | 2% | 0% 0% 1% 1% | 1% | -1% | 2% | 2% 12-Aug| 10% | 9% 2% 2% | 4% | 4% 0% 6% 6% | 6% | 6% | 6% | 2% | 10% 4% B% | 5% | -2% | -1% | -1%
19-Augl 1% | 1% 1% 1% | % | 1% | A% | 1% 1% | 1% | 1% | 1% | 2% 1% 1% 0% | 1% | am | 2% | 2% 15-Aug] 8% | 7% 2% 2% | 3% | 3% D% 5% | 5% | 5% | 5% [ 5% | 1% 7% 2% 4% | 4% | 2% | 1% | -1%
26-Aug| -1% | 0% 1% 1% | 1% | 1% | 0% 1% 1% | 1% | 1% | 1% | 2% 1% 1% 2% | 2% [ 1% [ 2% | 2% 26-Aug| 7% | 6% 2% 2% | 2% | 2% 0% 4% | 4% | 4% | 4% [ 4% | 0% b% 2% 3% | 3% | -2% | 0% | O%
2-5ep| 2% | 0% 1% 1% | 2% | 2% | 0% | 1% | 1% | 1% | 1% | 1% | 1% | 0% 1% 2% | 1% | 1% | 2% | 2% 2-Sep| 6% | 5% 2% 2% | 2% | 2% | 0% | 4% | 4% | 4% | 4% | 4% | 1% | 6% 2% 4% | 3% | -1% | 0% | 0%
gsep| 2% | 0% | 1% 15 | 1% | 4% | 0% | 1% | 1% | 1% | 1% | 1% | 0% | 1% 1% 23 | 1% | A% | 1% | 1% S-Sep] 5% [ 4% | 2% 2% | 2% | 2% | 1% | 4% | 4% | 4% | 4% | 4% | 1% | 3% 3% 4% | 4% | 0% | 1% | 1%
16-5ep| 2% | -1% | 1% | 1% | -2% | -2% | -1% | 1% | 1% | 1% | 1% | 1% | -1% | -1% 1% 1% | 0% | -2% | 1% | 1% lo-5ep] G% [ 4% | 2% | 2% | 3% | 3% | 1% | 5% | 5% | 5% | 5% [ S% | 2% | 5% 3% 4% | 4% | 1% | 1% | 1%
235ep| 1% | 1% | 1% | 1% | 0% | 0% | 0% | 1% | 1% | 1% | 1% | 1% | 0% | 2% 1% 3% | 1% | 2% | 1% | 1% 23Sep] 4% [ 3% | 2% | 2% | 3% | 3% | 1% | 4% | 4% | 4% | 4% [ 4% | 1% | 3% 3% 3% | 3% | 1% | 1% | 1%
305ep| 0% | 0% | 1% | 1% | O% | 0% | 0% | 1% | 1% | 1% | 1% | 1% | 1% | 3% 1% | 3% | 1% | 1% | 2% | 2% 50-Sep] 4% | 5% | 3% | 3% | 3% | 3% | 1% | 3% | 3% | 3% [ 3% | 3% | 1% | 2% 2% 2% | 2% | 0% | 1% | 1%
7-Oct| 1% | 1% | 1% | 1% | 0% | 0% | 0% | 1% | 1% | 1% | 1% | 1% | 1% | 3% 0% | 2% | 0% | -1% | 1% | 1% FOCH2 NS 1% T S el 1% | 1% B N [ (| o | 1 1% | 1% | 1% | 0% | 1% | 1%
140ct] 1% | 0% | 0% | 0% | 1% | 1% | 0% | 1% | 1% | 1% | 1% | 1% | 0% | 2% 0% | 2% | 0% | 0% | 1% | 1% 14-0ct] 1% (WONE] 1% [ 1% SR S o (e ety /e (- (- | I Osa| o 1% 1% 1% | 1% | 0% | 1% | 1%
210ct] 1% | 0% | 0% | 0% | 1% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 2% | 1% 0% | 1% | 1% | 0% | 0% | 0% 210ctl 1% OS] 1% | 1% [ 1% | 1% SR 1% | 1% | 1% | 1% | 1% |SEEEEN0% 5% | 1% | 0% [ESEEES0%ES0%
280ci| 0% | 0% | 0% | 0% | 1% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 1% | 1% 0% | 1% | 1% | 0% | 0% | o% 25-OclBIERINEEEE IR M0l 1% | 1% [BEERE) 1% | 1% | 1% | 1% | 1% SCEEEENE 0% | 0% | -1% | 2% | -1% | -1%
dNov| 1% | 0% | 0% | 0% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 1% | 1% 0% | 1% | 1% | 0% | 0% | 0% ANoviIRTIRETGR) 0% | Ok | Ok | 0% |BECkE 0% | Ok | O% | O% | 0% GEEEEEETGE) 0% [T SCT R
TiNov| 2% | 1% | 0% | 0% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 1% | 0% | 0% | 1% | 2% | 0% | 0% | 0% 1lNovl O% |REL%R] 0% | 0% | 1% | 1% AR 0% | O% | 0% | 0% | 0% [EEE (% |B-lans 1k el R
TeNo| 2% | 1% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 4% | 1% | 1% | 1% | 0% | 1% | 1% | 2% | 1% | 1% | 1% 18-Novk 9% | 2% | A% | A% | A% | A% | 9% 1 2% | 2% | 2% | 2% | 2% 1 4% | 2% | 5% L S 4% 1 oW | 5% L 5%
35Nov[ 2% | 1% | 0% | 0% | 0% | 0% | -1% | 1% | -1% | 1% | 1% | 1% | O% [0ea%0| -1% | 1% | 2% | 0% | 1% | 1% ey ek e B M e e e e e el R ] o L
2Dec| 1% | 0% | 1% | 1% | 0% | 0% | 1% | 1% | -1% | 1% | 1% | 1% | 1% | 3% | 1% | 2% | -1% | 1% | 0% | 0% 2-Dec|ESERRINNERI | ) 0% | 0% NS M | 2% | e | 2% | 2% (R 1% |BSSaSallEt e N
9Dec| 1% | 1% | 1% | 1% | 1% | 1% | 2% | 1% | 1% | 1% | 1% | 1% | 1% skl 1% | 2% | 1% | 1% | 1% | 1% o-DeclESERRINEN St | 3%| 0% | O% [ESHl S% L S% | 5% 5% | 5% (R 2% || 5% [ESY S B OR B
16Dec| 0% | 1% | 1% | -1% | 1% | 1% | -1% | 1% | 1% | 1% | 1% | 1% | 1% | 3% | -1% | 2% | -1% | 1% | 0% | 0% 16-Dec/RCIRRINCRg 2% | 2% | -2% | -2% |WESdaN WSt Res| o1l Sonsl Il e 3% | MRS RN 3% (RSl 1
23Dec| 0% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 0% | 3% | 1% | 2% | 1% | 1% | 1% | 1% 25-Dec|PonNINCREN 2% | -2% | -1% | -1% [SCEERIECS Nl sl ISR NSl N 100 (S I S -5 T R
30-Dec| 1% | 0% | 1% | 1% | 0% | 0% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 2% | -1% [ 2% | -1% | 1% | 0% | 0% 3%’?;; ':: ':: 'i: 'i: ';2 ';z ';: 'z‘;: '3:: '23: '23: '23: ':: T; ':: ':: ';: 'i:: ':: '::
20-Jan| 3% [ 2% 0% 0% | 0% | 0% | 0% | 1% | -1% | -1% | -1% | -1% | 0% | -1% -1% 0% | 1% | -1% | 2% | 2% 20an) 1% CRRE -1 1% e e e e o e I A I P 1% 2% 2% | 2% (RS
279an| 2% | 1% | 0% | O% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 0% | 1% | 0% | 1% | 2% | 2% 2lomy 1%} 1% | 0% L O% | O% | O% | I% | O% | O% | O% | O% 0% L 1M 2% | O% | O% L O% LR aR) 2%
aFeb| 2% | 1% | 0% | 0% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | O% | 1% | 0% | 1% | -1% | -1% | -2% | -1% | -1% rebl 2% | O% | 1% | 1% | Tk I% L O% L 1% | 1k L TR L % Lok L Sk 9% TR % LIk g O%
10Feb| 2% | 1% | 0% | 0% | 2% | 2% | 0% | 1% | 1% | 1% | 1% | 1% | 1% | 1% 1% | 1% | 0% | 2% | 1% | 1% 10-feb] S% | 1% | 1% | 1% | 2% | 0% | 1% | S% | S| Sh | S | S| 9% 4% N e e e
17-Feb| @% | 2% | 0% | 0% | 3% | 3% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 2% 1% | 1% | 2% | 1% | 1% | 1% ir-febl 2% | 1% | O% | O% | 2% | 2% | O | S% | S | 5% | Sk L 5% | SR | 4% B | L | Sk L ekl kA%
24Feb| 2% | 0% | 0% | 0% | 4% | 4% | 2% | 4% | 4% | 4% | 4% | 4% | 2% | 5% 4% | 2% | 3% | 2% | 0% | 0%
2a-Feb|NSORN 3% | 0% | 0% | 3% | 3% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 3% 1% | 2% | 3% | -2% | 2% | 2% oo e Toe T o Ton T o T o T T o T T T T ase T ooc o e e o T T o o
IMarf 4% | 2% | 0% | O% | % | 2% | 1% | 1% | % | %] 1%L LML SR 16 1 2% | 5% | 9% | 9% | 2% o-Mar| 2% | 1% | 1% | 1% | 4% | 4% | 2% | 3% | 3% | 3% | 3% | 3% | 1% | 3% 2% | 2% | 1% | 1% | 0% | 0%
SMar} 2% | S | 0% 0% Lo L Sk L S % L 1% 1R IR IR IR SR 1w Lokl Se L R 0% L O% TeMar| 3% | 13 | 1% | 1% | 5% | 5% | 3% | &% | 4% | 4% | 4% | 4% | 1% | 5% | 3% | 5% | 2% | 1% | 0% | 0%
16Marig 2% | 0% | 0% DETENESTRMIUREl 1% | % | 1% | 1% | 1% | 2% W e | PSR ow [ ox [ o% 23-Mar| 1% | 0% | 1% | 1% | 4% | 4% | 3% | 4% | 4% | 4% | 4% | 4% | 1% | 4% 3% | 3% | 2% | 0% | 0% | 0%
23Mari - UeT| 0% | 0% BEEEEEEEEEW 1% | 1% | 1% | 1% | 1% | 1% 1% |WECHIEEE 0% | 1% | 1% 30Mar] 1% | 0% | 1% | 1% | 3% | 3% | 2% | 3% | 3% | 3% | 3% | 3% | 0% | 3% 2% | 2% | 2% | 0% | 0% | 0%
30Mar| 3% | 1% | 0% | 0% | 3% | 3% | 2% | 1% | 1% | 1% | 1% | 1% | 2% | 2% 1% | 2% | &% | 0% | 0% | 0% A R 1% | 1% | % e s e el 1% o T T o T i
GAprjNEEl 0% | 0% | 0% SEENESTEMITE 1% | 1% | 1% | 1% | 1% | 0% W% 0% (R 0% [ECEERECER 15-Apr| 1% | 1% | 0% | 0% | 0% | 0% | 0% | 1% | 1% | 1% | 1% | 1% | 2% | 0% | 0% | 0% | 1% | 0% | 2% | 2%
elslol x [nisininie olafololo s o nfasialn e atelaloluioiutalatal ol s inlatatats
27-Apr] 1% | 1% | 1% | 1% | 0% | 0% | -1% | 0% | 0% | 0% | 0% | 0% | 1% | 1% 0% | 0% | -1% | -1% | -2% | 2%
27-hpr| 2% | 2% | 0% | 0% | 2% | 2% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% | 1% | 3% | 1% | 1% | 1% Ay T %] 1% Fon | 2% 2% izl = 2w 1% BEE T T o
aMay| 0% | 2% | 0% | 0% | 2% | 2% | 1% | 1% | 1% | 1% | 1% | 1% | 0% | 1% | 1% | 1% | 4% | 2% | 2% | 2%
1iMay| 1% | 2% | 0% | 0% | 2% | 2% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 0% D% | 1% | 3% | 1% | 0% | 0% IiMayl 2% | 1% | O% | O% | O% | O% | O% | 1% | 1% | 1% | 1% | 1% | 1% | 2% S e
i8May| 1% | 0% | 0% | 0% | 2% | 2% | 1% | 1% | 1% | 1% | 1% | 1% | A% | % | 1% | 0% | 2% | 1% | 1% | 1% 18-May} 2% | 0% | 0% 1 0% | 1% | 1% | O% | 2% | 2% | 2% | 2% | 2% | 2% | 5% L % I WO G
25-May] 1% | 0% | 0% | 0% | 3% | 3% | 1% | 1% | 1% | 1% | 1% | 1% | 0% | 1% 1% | 1% | 3% | 1% | 0% | 0% 25-May| 2% [SCEEN BN SNINES| 1% | 1% |WWHRIEE 25 2% 1|0 2% 025 0| 2% ) 1% (RN 20 [ ehd vl T || 065 || (0
Toun| 1% | 1% | 0% | 0% | 3% | 3% | 2% | 1% | 1% | 1% | 1% | 1% | 1% | 1% 0% | 2% | 3% | 2% | 0% | 0% Lun] 1% [SCERNICEESNINCREE 2% | 2% |MORW| - 200 2% 0 200 |0 2%0 | 2% | 2% (W 1% |WalliEe I 1% | 1%
Biun| 2% | 1% | 0% | 0% | 3% | 3% | 2% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% | 2% | 2% | 0% | 0% ElunjBEEE| 1% | 1% | 1% |RSRRIESER 1% S R N L 2% [BEEN WELE 0% |1 2% | 2%
i5dun| 2% | 1% | 0% | 0% | 3% | 3% | 2% | 1% | 1% | 1% | 1% | 1% | 1% | 1% 1% | 1% | 2% | 2% | 0% | 0% 15 JunfEERE S5l 1% | 1% SIS 1% |REEEEEA EE  C SR RN, 0 | 0% | 2%
SR 0 R 1% TR R R | 1% RS (% (REEEREEE 20-Jun| 7% | 6% | 1% | 1% | 6% | 6% | 2% | 7% | 79 | 7% | 7% | 7% | 6% | 0% | 6% | 8% | 8% | 1% | 3% | 3%
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6. High emissions scenario hydro inflow modelling — initial results

e Changing water impacts only at this stage
* Wind changes in progress
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6. High emissions scenario hydro inflow modelling — initial results

* Impacts of increased annual inflows in the South Island, decreased annual inflows in the North

Island, and changing seasonality of inflows — high range vs mid-range emissions

Built wind capacity 2020-2050 under different
hydro inflow scenarios

LPCon |Manapo GYM- | ISL- | KIK- | BPE- |Tonga | Waikare | BOP- 6000
region uri | CluthyfPukaki po| RoR | RoR | RoR | RoR | riro | moana | RoR |Waikato| nsi 1+ 1

c
L RoR | RoR | RoR | RoR | riro | moana | RoRt Waiks More water, arriving when it is needed for S o0
B-Jul 20% | 1 13 13% | 10% | 11% | 0% | &% 3% | -3% | 2% s
15-1ul | 19% 13 13% | 10% | 10% | 0% | 7% 3% | 2% | 3% ti |t d . S 5800
72Ul | 18% | 14 T 13% | 0% | 11% | 1% | 7% 3% | 1% | 3% .
29-ul | 11 | 13 12% | 9% | 10% | 1% | &% 2% | 1% | 3% generation, resulted in: S gsmo
5-Aug | 16% | 12% 7% | 12% | 7% | 10% | 1% | 5% 3% | 1% | 1% Qo Z se00
12-Aug | 15% | 11% | 21% | 11% | 19% | 6% | 9% | 0% | 5% =% | 7% | 1% . . . b=
Tohus | 19% [ 10% [ o | 10% [Ti% [ 5% [ o% [ 0% [ &% | 9% [ 0% | 1% e 10% less new built capacity (wind) 2020-50 £ 35500
26-Auz | 10% | 8% | A7% | 9% | 10% | 4% | B% | 0% | 3% % | 2% | 0% =
7Gep | 10% | 7% | 16% | 8% | 10% | 3% | 7% | 1% | 2% 4% | 3% | 0% = & 5400
9-Sep % 5% 15% 7% 5% | 2% | 7% | 1% | 1% 2% 3% | 1% . S a
Tesep | 8% | 5% [ 19 | 6% [ 7% | 1% [ % [ %] 0% | 5% | e % * 28% less demand response dispatched 5 3 5300
23%ep | 7% 5% | 11% | 6% | 7% | 0% | 5% | 2% | -1% | 5% | 5% | 3% r 5900
30-5ep | 6% % | 9% % 6% | 1% | 9% | 3% | 7% | 6% | 6% | 4% =
7-0ct 7% % | &% 3% B | 1% | 9% | 9% | 9% | 7% | 7% | 5% . = 5100

o)

1200 | 6% | %% | 6% | 7% | 6% | Th| 5% | o% | 5% | B% | B | % b 30% lower prices by 2050 =
I1-0c | B% 3% 5% T% | 5% | 1% | 3% | 5% | 4% | 9% | o9% | b = 5000
280 | 5% 3% 3% 0% | 5% | 1% | 2% | 5% | 4% | -10% |-10%| 7% . o ] L
2-Nov 5% 3% % | 1% | 5% | 1% | 2% | 9% | 4% | il% | -10%| B% Mid-range emissions High range emissions
I1-Nov | 5% 3% T% | 1% | 6% | 9% | 7% | 3% | 4% | 12% |-10%| B8% hydro inflows hydro inflows
18-Nov | 5% 3% 0% | 2% | &% | 9% | 1% | 5% | 5% | 12% |-10%| o%
25-Nov | 5% 3% | 1% | 7% | 9% | 7% | 1% | 1% | 5% |Da-idean] -1 . ] ] ] .
2-Dec 5% 3% -T% 2% | 4% | -2% | 0% | -2% | -b% | -12% 5% NZ wholesale electricity price - mid vs high emission inflows
9-Dec 2% 3% | 2% | 2% | 3% | 2% | 1% | 3% | 7% | -11% [J7% | 9% 8120
16-Dec | 5% 3% | 1% | 7% | 9% | 3% | 1% | 4% | 7% | -11% [§ 7% | 10% ; :
T B Tt T Total dlspat:.:hed Demand tesponse 2029 2050
50-Dec | 4% [ 5% [ 0% [ 0% | &% | -2% | -T% [ -3% [ -B% | -10% [\g% [ 9% under different hydro inflow scenarios
E-lan 4% 3% 0% 0% 3% | 2% | 2% | 9% | 8% | -10% % T $100
13-lan | 5% 3% 0% 0% 3% | 3% | 9% | 3% | 9% | -10% | 5 £ 450
20-an | 5% % % 1% Th | 3% | 2% | 5% | 10| 10% | 6% | 9% 2 =
Z7-an | 5% % 7% 0% TH | 9% | 7% | 5% | -10% | -10% | 7% | 9% 2 3 400
3-Feb 5% % % 1% 3% | 9% | 2% | 5% | -10% | 9% | 6% | -B% w580 &
10-Feb | 5% 3% 3% 1% 3% | 2% | 7% | 5% | 9% | 9% | 8% | 9% = = 350
17-Feb | 5% % 3% % 3% | 2% | 9% | 9% | 9% | 8% | B% | B% S @
23-Feb | 5% 3% 5% 7% | &% | 1% | 0% | 9% | B% | B% | 9% | B a $60 & 300
Z-Mar | 2% 3% 5% % % | 1% | 0% | 9% | 6% | 7% | 9% | 6% ) =)
9-Mar 4% 3% 6% 3% 4% | 0% | 0% | -3% | -6% 7% -O% | -6% © 3 250
16-Mar | 4% 3% 5% 7% | 4% | 0% | 0% | 2% | 5% | 6% | 8% | 5% o b
23-Mar | 9% 3% % D 5% | 0% | 1% | 9% | 5% | 6% | 9% | A Z 40 < 200
30-Mar | 2% 3% 5% 7% 5% | 1% | 1% | 5% | 4% | 5% | -B% | 5% = =
B-Apr 4% 3% 6% % 5% | % | 1% | 5% | 4% | 4% | 1% | 4% T © 150
13-Apr | 3% 3% 5% 3% 5% | 2% | 1% | 5% | 3% | 9% | 1% | 4% = 420 =
20-Apr | 2% 3% % % 5% | 7% | 7% | 6% | 3% 3% | 0% | 5% < 2 100
27-Apr | 5% 3% | o% % 5% | 0% | 3% | B | 7% 7% | 5% | %
AMay | 6% % | 9% A% | 5% | 3% | 3% | 6% | 1% | 9% | 5% | 2% = 50
1-May | 9% 5% | 1% | &% 6% | 4% | 9% | 6% | -1% | 4% | 5% | -3% ¢ =
18-May | 10% | 7% | 13% | 6% 5% | 5% | 4% | b% | 0% % | 5% | % = m Y N g s @Y R g o own oo F 0
5-May | 11% | 7% | 1% | 7% B% | 5% | 5% | B% | 0% 3% | 5% | 7% 4 8 9 8 9§ 2 2 2 2 2 I I F I T . . . .
TJun 3% 75 5% 5 % 5% % % 7 =t 7%, 1% o~ o~ o~ o~ o~ ~ o~ o~ o~ o~ o~ o~ o~ o~ ~ Mld-rﬂnge emissions ngh range emissions
gJun | 15% | 10% | 27% | 9% | 9% | 7% | 8% | 4% | 3% 3% | 4% | 0% . . . . - . : .
15jun T T T aom T T T io% | En [ ER T In [ on == =% % Mid-range emissions scenario High range emissions scenario hydro inflows hydro inflows
Z2-un [ IER | 17% el 7% | 11% | 9% | 9% | 7% | 5% 9% | 4% | 1%




Summary

The timing and quantity of hydro inflows dominate the NZ electricity system, and are going to become increasingly
important with growing levels of renewables. Including these in electricity system modelling makes a big difference to
outcomes.

Significant changes to river flows have already been seen over the 100 year record.

Significant shifts in the seasonality of river flows are expected in coming decades, particularly in snow-fed
catchments, with river flows projected to be significantly higher in winter than in the past.

River flows are expected to become more volatile, particularly in the South Island, with flood peaks increasing,
and dry periods getting drier.

Wind speeds are projected to generally get lower in summer and higher in winter in future.

When these projected inflow changes are input to an electricity system model, LPCon, hydro lakes in the South
Island spent more time at higher levels, and spill doubled by 2050 under even a mid-range emissions scenario.

The amount of generation capacity needed was significantly affected under high emissions scenario, and prices and
other system measures were also impacted by the changes to inflows.

These changes should be accounted for in some form in future energy system modelling.

This work is ongoing, and results will be finalised early 2024.
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