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e Brief primer on NZ climate & drought
 Development of the 2012-13 drought

& NIWA’s role
e Historical assessment of the 2012-13 drought
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e Climate change & NZ droughts
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Seasonality of Rainfall
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Climatology — SMD & MSLP
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Data network

Dairy (19)
Sheep / Beef (99)

Hoerticulture (1)
Viticulture (1)

Native / Scrub / Tussock (62)

Urban (54)

Deer (4)

Measured (~300 + rainfall-only)

Planted Forest/ Ungrazed / Other Animals (45)
Other Stations
@  Dairy (5)
D Sheep / Beef (12)

@  Native / Scrub / Tussock (8)

D Urban (4)

Interpolated (11,491 total): VCSN e e e S

@  Volunteer Stations - Rainfal & Temperature only

®  Volunteer Stations - Rainfall only
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Beginning of January soil moisture status

Soil moisture deficit (mm) at 9am on 01/01/2013 A

Water surplus’

Field capacity

-0 50% storage
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o “Normal last year o This year
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Beginning of March soil moisture status

Soil moisture deficit (mm) at 9am on 01/03/2013 N

Water surplus’
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February 2013 river flows

e Map shows river flows across
New Zealand for February,
related to previous Februaries.

feb201302pi

e Much of the country has flows e —
that are in the lowest 10% of e
recorded values for that
month (red).

Above normal

- Far above normal

* Nearly all the country has
flows in the lowest third (red
and orange).

e Data from NIWA, Regional
Councils, power companies
and NZX.
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Rainfall (% normal) early 2013
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Mid-March 2013 soil moisture status

Surplus water (mm)

Deficit (mm)

8
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DAILY SOIL MOISTURE DEFICIT (mm)

Virtual Climate Station P211153
CENTRAL HAWKES BAY DISTRICT

(C) Copyright NIWA 2013

Data period: 1-Jan-1972 to 15-Mar-2013

Days of
deficit

Daily deficit (or surplus), 1-July to 30-June. AWC = 150mm

—— .Average
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—— This season

Permanent wilting point

Field capacity
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Briefings on drought status

e Regular updates (~4 weeks) to MPI (Ministry for Primary
Industries) National Adverse Events Committee

e Report to MPI — on extent and historical context of
2012-13 drought

Ministry for Primary Industries * @,"’
Manati Ahu Matua &
e — oedf
e Reponses to individual enquiries from journalists
 Media Centre of Royal Society of NZ
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Seasonal Outlook before drought developed

Outlook for November 2012-January 2013 —NVA_—

Taihoro Nukurangi

Mean air temperature Rainfall Available soil moisture River flows

Normal of below normal Bedow notmal Below nonmal of normal
2 |

Average of above average
35

Key to maps (example interpretation)

Below normal
Upper tercile: 20% chance of above normal 20 In this example the climale models suggest that below average conditions are likely (50% chance of
Middle tercile: 30% chance of normal occurrence), but, given the variable nature of the climate, the chance of normal or above normal
Lower tercile: 50% chance of below normal 800 conditions is also shown (30% and 20% repectively).
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Drought Index: Potential Evapotranspiration Deficit (PED)

Run a daily soil moisture (S) balance on daily potential evapotranspiration (PET)
& precipitation (P), using 0.05° gridded data, 1972-2003

Sy, =S, ,+P,—ET,—RO, —D,

m Rainfall in excess of field capacity is lost as runoff + drainage (RO+D)

m If S>%(AWC) then ET = PET, (Available Water Capacity, AWC = 150mm)
If Sy<%(AWC) then ET,=0
m Accumulate PED on a daily basis, beginning July 1: PED, = PED,; + (PET4ET,)

Accumulated PED is essentially the amount of water that would need to be
added to a crop over a year to prevent loss of production due to water shortage

Radn,Temp,WindRun,VapPress

Rain
1 1 Soil Moisture Deficit
Potential PET » SMD —
Evapotranspiration RO Runoff

}

PED

v



Water Balance & Spline Interpolation

PED calculation applied to:
Climate Database record (sites), or
5km gridded data

References:

Porteous, AS; Basher, RE; Salinger MJ (1994). Calibration and
performance of the single-layer soil water balance model for

pasture sites. New Zealand Journal of Agricultural Research,
37, 107-118.

Tait, AB; Woods, R (2009). Spatial interpolation of daily
potential evapotranspiration for New Zealand using a spline
model. Journal of Hydrometeorology, 8, 430-438.

-NAWVA_—

Taihoro Nukurangi

enhancing the benefits of New Zealand's natural resources



Water Balance & Spline Interpolation

1997-98 El Nino

Potential evapotranspiration deficit (mm) “,

PED (mm): 1997-98 El Nino year
358 da

40S

458 - 48

167.5E 170E 172.5E 175E 177.5E

50 200 400 600 300

Total potential evapotranspiration deficit (mm), July 1997 to June 1998
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Cumulative Potential Evapotranspiration Deficit

PED Jul-May Climatology
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Cumulative Potential Evapotranspiration Deficit

PED Anomaly: Jul 2010-May 2011 PED Anomaly: Jul 2011-May 2012
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2012-13 Drought — Spatial Extent

Rank May 2013 PED

35S

;'ﬁ | | L
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]
4

N
1 2 3 5
_= Rank 1 = Highest PED

* Dry conditions unusually widespread

across North Island, & also affected
West Coast of South Island

* Highest PED (in 41 years of VCSN data)

much of: southern Northland,
Auckland, Waikato, Bay of Plenty,
Gisborne, Hawkes Bay, Westland

e Largest July-May PED accumulation in
41 years (VCSN data) over 34% of
North Island (purple shading)

o 27 |argest PED at 22% of North Island

1 2012-13 1972-73
2 1997-98 1997-98
3 2009-10 1988-89

_S e sesiend e resosrees



Millimetres PED

Millimetres PED

2012-13 Drought — How does it compare?

Total potential evapotranspiration deficit, Jul-May

Average of 17 stalions

Sector Cb: Central Waikato

Years: 1940/41 to 201213
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2010

1945-46, 1954-55, 2007-08

Years: 1940/41 to 201213

600
ol Hawke’s Bay: (East of North Island)
gl
350
300
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200
1907 ‘ ‘ I | | II | ‘l I I I I I worst in over 70 years for
%] | | Hawkes Bay
1940 1950 1960 1970 1980 1990 2000 2010
et et s s o s o s s s s e o e e Other severe drought years:

PED time series from NIWA CIiDB records:
~ central Waikato & central Hawke’s Bay

1945-46, 1957-58%,
1997-98* (worst)
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Dec—Feb MSLP (hPa)

Immediate Cause of 2012-13 drought — high pressures
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NCEP MSLP, Feb 2013 Anomaly
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170W  160W

Dec—Feb MSLP: Auckland, Wellington, Christchurch,

Hokitika, Chathams, Hobart

High pressure centres unusually
persistent in Tasman Sea and over
NZ during early months of 2013

Very low rainfalls; also very sunny
and warm

il

all

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year

Summer High Pressure Index
(averaged over 6 sites: Auckland,
Wellington, Hokitika, Christchurch,
Chathams, Hobart)

Index shows very significant
increase since 1911/12 summer

However, high pressures don’t
always lead to drought conditions;
e.g., 1962-63, 1995-96

Related to SAM trend
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Any relation to Climate change?

. NCEP MSLP, Feb 2013 Anomaly
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Cause: Enhanced Convection & Rossby Wavetrains?

OcToBER 1999 RENWICK A}
OLR prediction of MJO—related anormalies using CA model
reconstractian by RMM1 & RMMZ (25 Fab 2013}
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Renwick & Revell, 1999. MWR, NCEP prediction of MJO
127:2233

_..--""N—LWA -

Taihoro Nukurangi

enhancing the benefits of New Zealand's natural resources



Climate Change & Drought

Clark, A; Mullan, B; Porteous, A.
(2011).
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Scenarios of Regional Drought under Climate Change

Prepared for Ministry of Agriculture and Forestry

June 2011
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Study underway to examine climate change & drought

http://www.climateprediction.net

‘weatherathome’ Australia/New Zealand
Global volunteer computing enables huge ensembles to be performed

=] cpdn | 8L gjOFA & Jan, 16525 G-
*

apphcations  Places System

« hadam3p version b, unit: hada p_anz nhah 1966 1 00000
climate prediction.net This map shows your regional climate model
Now running global model date and time (UTC): 14/12/1966 14:00

UK (Oxford) :
#O

Australia
Use keyboard keys
to change view

(Univ Melbourne) REESEOREs
NZ (NIWA) R Rain s Snow

R - Rain & Snow
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http://www.climateprediction.net/

Summary

* New Zealand experiences droughts which impact on the
economy

e The 2012-13 drought the most widespread on record,
costing > S2 billion

* Monitoring drought development v/
e Forecasting drought development ?x

 No clear trend in drought severity, in spite of trend
towards higher pressures along 40-45S.
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