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Executive summary

This reportprovides climate change projections for six climate variables for Tasman District, which
are additional to those presented in the 2015 NIWA climate change report for the region. The
variablesare heatwave days, growing degree days, heavy rain days, extraimfall, potential
evapotranspiration deficit (drought potential) and soil moisture deficit days.

The TasmarDistrictwill likely experience a warmer, wetter climate with increased seasdimabte
extremes. Drought intensity may increase in the summet beavy rainfall may increase in the

winter and spring. Ekopical cyclones will continue to affect the region from time to time, and the
rainfallintensityfrom those systems may increase. Frost incidence is likely to fall, and the occurrence
of high tamperatures and heatwaves will increase.

Information about potential impacts of climate changeagricultural systems in Tasman was
NBljdzSaGSR G2 AYyTF2NXY OKlFy3Sa (G2 GKS /2dzyOAfQa f1y
have varying effectsroagricultural systems in the regiomhe highly flexible land classes in coastal
lowland areas such as Waimea Plains, around Motueka and Takaka, and in valleys further inland, are
already the warmest parts of the region and will become warmer in the éutlinis may have

impacts on the land uses and crop types that are currently grown in these dweas changes to

plant developmentatesand heat stressFor less flexible land (e.g. around Motupiko, Lake Rotoiti

and Bainham), if these areas are limiteglcold conditions rather than other factors such as soil type
and topography, future warming presents an opportunity for these areas to become more flexible.
Increasing drought intensitcross the region, but particularly in central ardassummer may

impact pasture and crop growth and increase the need for irrigation, as well as increasing fire risk in
forested areasWinter rainfall in particular is projected to increase, and extreme rainfall events may
increase in intensity, potentially causing matgs on hill country farmland and deforested areas.
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Tasman Bitrict Counci(TDCYyequestedclimate changadvice from NIWAndertwo Envirolink
small advice grast(1974-TSDC15@nd 1975TDSC158). For ease of use of this information, these
two small advice grants have been combined into one report. This reporide®information about
climate change projections furthéo the NIWA climate change and variability report provided
TDdn 2015 https://www.tasman.govt.nz/myregion/civil-defence/climatechange). Climate
variables which have beextracted from the regional climate modgihce 2015, presented here,
include heatwave days, growing degree days, heavy rain daysn25potential evapotranspiration
deficit (a measure of drought potential), and soil moisture definiaddition, a sixth variable,
extreme rainfall, has beerkeii NI OG SR FNRBY bL2! Q& | AJIK LyGSyaari
These variables are presented as mapsablesfor two climate change scenarios (Representative
Concentration Pathways) and two future time periods (2040 and 2090).

The climate changmaps and a productive land classification ni@pTasmarwas used to
understand potential climate change impacts on productive land and agricultural systems in the
Tasman District.

2

aSiK2R2f 238

The following bullet points summarise the methodology usetbly2 !  F2 NJ Y2 RSt f Ay 3
future climate. More details about the methods and the Representative Concentration Pathways are
found in Appendix A and B.

1

Climate model simulation data from the IPCC Fifth Assessment has been used to mlodate
projections for New Zealand.

Six climate models were chosen by NIWA for dynamical downscaling. These models were chosen
because they produced the most accurate results when compared to historical climate and
circulation patterns in the New Zealaadd southwest Pacific region.

Downscaled climate change projections are at a 5 km x 5 km resolution over New Zealand.

Climate projection and historic baseline maps and tables present the average of the six
downscaled models.

Climate projections are preated as a 2§ear average for two future periods: 202050
OG0 SNYSR WH MU & i/ RNIWBiRps$how chan@es @lative to the baseline
climate of 19862005(termedW¥ m co.pp QO

Two Representative Concentration Pathways (RCPs) are presBx@ed,.5 (a michnge

e \

A0SYINAR20 YR w/tydp O6GKS WodaAyS&aa & dzddtQ
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The definition of a heatwave considered here is a period of three or more consecutive days where

the maximum daily temperature exceeds 25°C. This lon is an aggregation of all days per year
GKFG FTNBE AyOfdzRSR Ay | KSIFi{igl @S 60AdSdE x GKNBS
no matter the length of the heatwave. The annual heatwave days are then averaged overyhar20

period of inteest (e.g., 203R050) to get the average annual heatwaday climatology (past) and

future projections.

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for
heatwave days are shown in this section. hifsoricmaps show annual average numbers of
heatwave days and the future maps shbath the change in the annual number of heatwalays
compared withthe historic periodand the total future number of heatwave days

For the historic periogthe southernvalleys ofTasman District around Murdon as well as the
Waimea Plains, observe the most heatwave days per {€xt5 days per year}-{gure3-1). Other
low-lying inland valleys, as well as around Takaka and Motueka, obs&hed&wave days per year.

In the future, the number of heatwave days is projected to increase, particulddgations where

the historicnumber of heatwave days is high (esguthernvalleys, Waimea Plains, et{Rigure3-2).

By 2040 for both RCP4.5 and RCHBdeases 010-15 heatwave days per year are projected for the
southern valleys-10 more heatwave days per year are projected for most other lowland or foothill
parts of the region. By 2090 under RCP2(®25 more heatwave days are projected for the southern
valleys,and 10-20 more heatwave days are projected for most other lowland and foothill areas.
However, there is a significant increase in heatwave days under RCP8.5 bwi209380more
heatwave days per year projected for the southern valleyd a small pd of the Waimea Plains

near Applebylncreases of 360 more heatwave days per year are projectedrfarstother lowland
and foothill areasAs another way of presenting the informatidfigure3-3 presents the total

number of heatwave days projected under both scenarios at both future time periods.

8 Climate change projections for Tasman
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Number of Annual Heatwave Days
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Figure3-1: Modelled annual number of heatwave daysthree consecutive days with maximum
temperatures > 25°C), average outie historic period1986-2005. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Change in number adinnual heatwave days
2031-2050 (2040) 2081-2100 (2090) Days
Change in Number of Annual Heatwave Days Between 1995 and 2040 Change in Number of Annual Heatwave Days Between 1995 and 2090
50
40
30
25
20
g 15
ol
) , , 10
m /-
y / :
/ £ /. - 1
s Days
30
Days 25
20 20
15 15
10 10
s 5
@)’ MLWA RGP:4.5 0 10 20 30 40 50 Kiometers @) NIWA RCP:4.5 0 10 20 30 40 50 Kiometers
ol Period: 2031 - 2050 Wreliny Period: 2081 - 2100
Change in Number of Annual Heatwave Days Between 1995 and 2040 Change in Number of Annual Heatwave Days Between 1995 and 2090
o
[ee]
o
O
o
50
40
30
Days 25
20 20
15 15
10 10
s g
- " i w ¥
Guws .. | GNwa ..
& Period: 2031 - 2050 Maeliey Period: 2081 - 2100
Figure3-2:  Projected annual heatwave day changesumber of days within periods okthree consecutive

days with maximum temperatures > 25°C) at 2040 and 20%Relative to 198&005 average, foRCP4.5 and
RCP8.5based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regal Climate Model. Resolution of projection is 5km x 5km.
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Future totalnumber of annual heatwave days
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Figure3-3:

Projected annuatotal number ofheatwave day (hnumber of days within periods ofthree

consecutive days with maximum temperatures > 25°C) at 2040 and 20%%.RCP4.5 and RCP8.5, based on
the average of six global climate models. Results are basegrmamical downscaled projections using NIWA's
Regional Climate Model. Resolution of projection is 5km x 5km.
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Growing degrealays (GDD) express the sum of daily temperatures above a selected base

0 SYLISNI ( dzNB répgedenrt@ threshald far plantiglowith. The average amour®bDhin a

location may influence the choice of crops to grow, as different species have different temperature
thresholds for survival. The daily GDD total is the amountidily average temperate exceedshe

threshold value (e.g. 10°C) per day. For example, a daily average temperature of 18°C would have a
GDD base 10°C value oHgre, GDD are accumulated from July to June, and presentdakefor

historic period(average over 1988005) and futurechange(average over 2032050 and 2081

2100)

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for
GDDare shown in this sectiofor a base temperature of 10°Chehistoricmapsshowannual
average numbers déDDand the future projection maps show thmth the change in theannual
number of GDDcompared withhistoricand the total future numbers of GDD

For the historic periodthe highest number of GDD is experienced inlgng coastal areas around

the region, including Takak&olden Bay, and Tasman Bay from Motueka to Appleby and including
the Waimea Plains (1261400 GDD per yearfrigured-1). Numbers of GDD experienced generally
decline further inland, with 106@200 GDD experienced near Bainham and Motupiko, aneB600
GDD per year at Lake Rotoiti. Conversely, higher GDD is experienced around the southern valleys
near Murchison, witt800-1200 GDD per year. High elevations experience up to 400 GDD per year.

In the future, GDD in Tasman is projected to increase under both scerBigosed-2). By 200
under RCP4.5, most of the region is likely to experience increases-@0038DD per yeaon
averageghigher elevations expect smaller increases 6150 GDD per year). Under RCP8.5 by 2040,
key areas around Takaka, Motueka, Appleby, Waimea PlaismaheBay, Motupiko and the
southern valleys are projected to experience more GDD per yedBy 2090, under RCP4.5,
increases of 25300 GDD per year are likely for most locations, with larger increases €f(®GDD
projected for the Waimea Plairsd the southern valleys. Under RCP8.5 there is a significant
increase in GDD projected for the whole region, with the most being8D@0more GDD for the
southern valleys, 66800 more GDEor much of the region inland from Tasman Bay as well as
around T&aka, and 508600 more GDD for other foothill arealss another way of presenting the
information, Figure4-3 presents the total number afrowing degrealays projected under both
scenarios at both future time periods.

12 Climate change projections for Tasman



Annual Growing Degree Days (base 10°C)
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Figure4-1: Modelled annual number of growing degree days (base 10°C), averagetbednistoric period
1986:2005. Results are based orydamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Change in number of annugrowing degree days (base 10°C)
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Figure4-2:  Projected annuabrowing degreeday changesliase 10C) at 2040 and 2090Relative to 1986

2005 average, foRCP4.5 and RCP8dased on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.

14 Climate change projections for Tasman



Future totalnumber of annualgrowing degree days (base 10°C)
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Figure4-3:  Projectedtotal number ofannual growing degree days (base 10°C) at 2040 and 2680.

RCP4.5 and RCP8.5, based on the average of six global climate models. Results are based on dynamical
downscaled pojections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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A heavy rain day considered here is a daily rainfall total above 253Historic(average over 1986

2005) and future (average ovef21-2050 and 2082100) maps for heavy rain days are shown in

this section. Théistoricmaps show annual and seasonal average numbers of heavy rain days and
the future projection maps show the change in the number of heavy rain days comparethevith

historic period Note that thehistoricmaps are on a different colour scale to the future projection

maps.

For the historic periogthe greatest number of heavy rain days occdarghe Tasman Mountainé30-
100 days per yeaffigures-1). The least heavy rain days occurs inland from Tasman Bay to
Motupiko (510 days per year). Most of the region experiencegl@$eavy rain days per ye&dy
season(Figure5-2), most rain days occur in spring and the least occur in summer.

Future projections are shown Figure5-3 to Figure5-10. By 2040, the annual number of heavy rain
days is projected to increase by2(ays per year across most oeéthegionunder both scenarigs

and2-3 moreheavy rain dayprojected for western and southern areas under RCP8.5. Small
decreases (@ day per year) are projected for the high elevations of the Tasman Mountains. By 2090,
the projections are similao 2040 for RCP4.5 but changes are more substantial for RCP8.5. For the
southern part of the region, increases ebheavy raindays per year are projecteahd increases of

2-4 days likely for most of the rest of the region. Decreasesadti@lys per year arerpjected for the
Tasman Mountains. The largest reductions in heavy rain days are projected for summer and the
largest increases are projected for winter and spring.
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Number of Annual Heavy Rain Days (>25 mm)

n 0 10 20 30 40 50 Kilometers
"/ Bllon sk Period: 1986-2005 | . | . 1 4 1 4 o1 4 )

Figure5-1: Modelled annual number of heavy rain days (>25mm) (average dkierhistoric period1986
2005). Based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regional Climate Model. Resolutiprogdction is 5km x 5km.
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Modelled number of heavy rain days (> 25 mm) (192605)
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Figure5-2: Modelled seasonal number of heavy rain days (>25m@yerage ovethe historic period1986
2005). Based on the average of six global climate models. Results are based on dynamical downscaled

projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Change in Number of Annual Heavy Rain Days (>25 mm) Between 1995 and 2040
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Figure5-3: Projectedchange inannual number of heavy rain da(>25mm) by 2040 for RCP4.%Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projectionasing NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Change imumber of heavy rain days (> 25 mm)
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Figure5-4: Projectedchange in seasonal number of heavy rain days (>25rb;np040 for RCP4.5Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Change in Number of Annual Heavy Rain Days (>25 mm) Between 1995 and 2040
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Figure5-5: Projectedchange in annual number of heavy rain days (>25mw)2040 for RCE5. Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWAwsgibnal Climate Model. Resolution of projection is 5km x 5km.
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Change imumber of heavy rain days (> 25 mm)
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Figure5-6: Projectedchange in seasonal number of heavy rain days (>25rb;np040 for RCR5. Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Riesoditprojection is 5km x 5km.
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Change in Number of Annual Heavy Rain Days (>25 mm) Between 1995 and 2090
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Figure5-7: Projectedchange in annual number of heavy rain days (>25nmg)200 for RCP4.5.Relative to
19862005 average, based on the average of six global climate isddesults are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Change imumber of heavy rain days (> 25 mm)
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Figure5-8: Projectedchange in seasonal number of heavy rain days (>25rb;nP090 for RCP4.5Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Change in Number of Annual Heavy Rain Days (>25 mm) Between 1995 and 2090

Days

o AN W & o

o R -

ol % v & 4 § 4 ¢ by
)} NIWA
@j’ L oa ooy Du B W e S

Figure5-9: Projectedchange in annual number of heavy rain days (>25m)200 for RCB.5. Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resotdityojection is 5km x 5km.
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Figure5-10: Projectedchange in seasonal number of heavy rain days (>25rbgnp090 for RCP8.5Relative
to 19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Riesotiitprojection is 5km x 5km.
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Extreme, rare rainfall events may cause significant damage to land, buildings, and infrastructure. This
section analyses how these rainfall events may change in the futufiea®mnan

Extreme rainfall events (and floods) are often considered in the context of return periods-{s-g. 1
100year rainfall events). A return period, also known as a recurrence interval, is an estimate of the
likelihood of an event. It is a statistical meastypically based on historic data and probability
distributions which calculate how often an event of a certain magnitude may occur. Return periods
are often used in risk analysis and infrastructure design.

The theoretical return period is the inversetbé probability that the event will be exceeded in any
one year. For example, aii-10-year rainfall event has a 1/10 = 0.1 or 10% chance of being
exceeded in any one year and #n1100-year rainfall event has a 1/100 = 0.01 or 1% chance of being
exceead in any one year. However, this does not mean thaim1I00-year rainfall event will

happen regularly every 100 years, or only once in 100 years. The events with larger return periods
(i.e. Lin-100year events) have larger rainfall amounts for the sasharation as events with smaller
return periods (i.e. 4n-2-year events) because larger events occur less frequently (on average).

A warmer atmosphere can hold more moisture, so there is potential for heavier extreme rainfall with
global increases in teperatures under climate chand€ischer and Knutti, 2016, Trenberth, 1999)

¢KS FNBIjdzSyoe 2F KSIF@ge NIAYyTIff{ HmbRleldandardast YOS NE
(this includes New Zeald; IPCC, 2013¥iven the mountainous nature of New Zealand, spatial

patterns of changes in rainfall extremes are expected to depend on changes in atmospheric

circulation and storm tracks.

bL2!1 Q&4 | A3JK LyGSyairide wl Ay TIdvant reelBréntednervdlsdtaibd SY o1 L
calculated for any location in New Zealand. HIRDS calculates historic recurrence intervals as well as

future potential recurrence intervals based on climate change scenarios. The 2018 HIRDS version 4
(CareySmith et al., 2018JzLJRIF § SR G KS &aO0SyIFINAxA2a&a (G2 (K2aS LINBaSy
Assessmentéport scenarios). The future rainfall increases calculated by the HIRDS v4 tool are based

on a percent change per degree of warming. The short duration, rare events have the largest relative
increases of around 14%, while the longest duration events iserbg about 5 to 6%. HIRDS v4 can

be freely accessed atww.hirds.niwa.co.nzand more background information to the HIRDS

methodology can be found &ittps://www.niwa.co.nz/informationservices/hirds/help

HIRDS rainfall projections for locations in the Tasman Didfimgpue6-1) are presated inTable6-1

to Table6-6. These tables shothe historic rainfall depths per duration and return period (AR,
average recurrence interval, and AEP, annual exceedance probability), as well as future projections
for RCP4.5 and RCP8.5 by 2040 and 2090, for each locafimuiat-1.
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Figure6-1: Locations/station network numbers for HIRDS rainfall analysis.
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Table6-1

. Extreme rainfall projections for Bainham, from HIRDS v4.

Site
name Bainham
Site ID F02751
Rainfall depths (mm) :: Historical Data
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 7.66 13.7 189| 316| 504 96 136 184 237 269 292 310
0.2 9.92 17.8 245| 40.8 65 124 175 236 304 345 374 396
10 0.1 11.6 20.8 28.6| 47.7 75.9 144 203 274 353 401 435 460
20 0.05 13.4| 239| 329| 548| 87.1 165 233 314 404 458 497 526
50 0.02 15.8 28.3| 38.9| 64.6 103 194 274 368 473 537 581 615
100 0.01 17.7| 31.6| 435| 722 115 217 305 410 527 597 647 684
Rainfall depths (mm) :: RCP4.5 for the period 268150
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 8.35 15| 20.7| 34.5| 547 103 144 193 248 280 303 321
02| 10.9| 19.5| 26.8| 44.7| 70.9 133 187 249 319 361 390 412
10 01| 12.7| 22.8| 31.4| 523| 829 156 218 291 372 420 454 480
20 0.05| 14.7| 26.3| 36.2| 60.2| 95.3 179 250 333 426 481 519 548
50 0.02 174 31.1| 427 71 112 210 294 391 499 564 609 642
100 0.01| 19.5| 34.8| 479| 795 126 235 328 436 556 628 678 715
Rainfall depths (mm) :: RCP4.5 for the period 2a8100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 879| 158| 21.7| 36.3| 575 107 150 200 255 287 310 328
0.2| 115| 20.5| 28.3| 47.1| 747 139 194 258 329 371 400 422
10 01| 135| 24.1| 332| 553| 874 163 227 301 383 433 466 492
20 0.05 15.5 278 38.2| 63.6 101 187 260 345 439 495 534 562
50 0.02 184 329| 452| 75.1 119 221 306 406 516 581 626 660
100 0.01| 206| 369| 506| 84.1 133 247 342 453 575 647 697 734
Rainfall depths (mm) :: RCP8.5 for the period 263150
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 845| 152| 209| 349| 554 104 146 195 249 282 305 322
0.2 11 19.7 27.2| 453| 71.8 135 188 251 321 363 392 414
10 0.1 12.9 23.1| 31.8 53 84 157 220 293 374 423 457 482
20 0.05| 149| 26.6| 36.7 61| 96.5 181 252 336 429 484 523 552
50 0.02| 17.6| 31.5| 433 72 114 213 297 394 503 568 613 646
100 0.01 19.8| 35.3| 48.5| 80.6 127 238 331 440 561 632 682 719
Rainfalldepths (mm) :: RCP8.5 for the period 202100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 10.1 18.1 249| 416| 65.6 120 166 218 274 308 331 348
0.2 13.2 23.7| 32.6| 54.3| 85.6 157 216 283 356 400 429 451
10 0.1 15.5 27.8| 38.3| 63.8 101 184 253 332 417 468 502 528
20 0.05 18 321 | 442 73.6 116 212 291 380 479 536 576 604
50 0.02| 21.3| 38.1| 524| 87.1 137 251 343 448 564 631 677 710
100 0.01| 23.9| 427| 588| 97.6 153 281 384 501 629 704 755 792
Climate change projections for Tasman 29




Table6-2

: Extreme rainfall projections for Takaka, from HIRDS v4.

Site
name Takaka
Site ID | F2885
Rainfall depths (mm) :: Historical Data
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 864| 139| 183| 29.1| 451| 836 116 150 180 192 198 200
02| 113| 18.2| 239| 379| 587 108 150 194 232 248 255 258
10 0.1 13.3 214 28.2| 44.6| 68.9 127 175 226 271 289 298 301
20 0.05 154 248| 32.6| 515| 795 146 202 260 311 332 341 345
50 0.02 184 29.5| 38.7| 611 94.2 173 238 307 367 391 402 406
100 0.01| 20.7| 33.2| 43.6| 68.8 106 194 267 344 410 437 449 453
Rainfall depths (mm) :: RCP4.5 for the period 268150
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 942| 152 20| 317 49| 89.7 123 158 188 200 205 207
02| 124| 199]| 26.2| 415 64 117 160 205 244 259 266 268
10 01| 146| 235| 309| 489| 753 137 187 240 285 303 311 313
20 0.05| 16.9| 27.2| 358| 56.6 87 158 216 276 328 349 357 359
50 0.02| 20.2| 324| 426| 67.3 103 188 256 326 387 411 421 424
100 0.01| 228| 36.5 48 75.7 116 211 287 366 433 460 471 473
Rainfall depths (mm) :: RCP4.5 for the period 2a8100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.91 16 21.1| 33.4| 515| 935 127 163 193 205 210 212
0.2 13 21| 27.7| 438| 674 122 166 212 251 267 273 275
10 01| 154| 248| 326| 516| 794 144 195 248 294 312 319 321
20 0.05 17.9 28.7| 37.8| 59.8| 91.8 166 225 286 338 359 367 369
50 0.02| 214| 343| 451| 711 109 197 267 338 400 424 433 435
100 0.01| 241| 38.7| 50.8| 80.1 123 221 300 380 448 474 484 486
Rainfall depths (mm) :: RCP8.5 for the period 263150
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 953| 154| 20.3| 32.1| 49.6| 90.6 124 159 189 201 207 208
0.2 12.5 20.1 26.5| 42.1 64.8 118 161 206 245 261 267 270
10 01| 148| 23.8| 31.3| 495| 76.2 139 189 242 287 305 313 315
20 0.05| 17.2| 275| 36.3| 57.3| 88.1 160 218 278 330 351 359 362
50 0.02| 20.5| 32.8| 43.2| 68.2 105 190 258 329 390 414 424 426
100 0.01| 23.1 37 48.7 | 76.7 118 213 290 369 437 463 474 476
Rainfalldepths (mm) :: RCP8.5 for the period 202100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 11.4 18.3 241 38.3| 58.7 105 141 177 208 220 224 225
0.2 15 2421 31.8| 50.5| 77.3 138 185 232 272 288 293 294
10 0.1 17.8 286| 37.7| 59.6| 91.2 162 218 274 320 338 344 345
20 0.05| 20.7| 33.2| 43.7| 69.2 106 188 252 315 369 389 396 396
50 0.02| 248| 39.7| 522| 824 126 224 299 374 437 460 468 468
100 0.01 28 448 | 589| 92.9 142 252 337 420 490 515 524 524
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Table6-3: Extreme rainfall projections for Motueka (Riwaka), from HIRDS v4.
Site Motueka
name Riwaka
Site ID G12191
Rainfall depths (mm) :: Historical Data
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 8.5 11.8 14.5 209| 30.4| 53.9 75 100 127 142 151 158
0.2 11.2 15.5 19.1 274 39.6 70 97.2 130 164 183 194 202
10 0.1 13.3 18.4| 225| 323| 46.6| 82.1 114 151 191 213 226 235
20 0.05 155| 21.3| 26.1| 374| 539| 94.6 131 174 219 243 258 268
50 0.02 185| 255| 311 444| 639 112 154 204 257 285 302 314
100 0011 209| 288| 351| 50| 71.8| 125| 172| 228| 286| 317| 336| 349
Rainfall depths (mm) :: RCP4.5 for the period 268150
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 9.27| 129]| 15.8| 2238 33| 57.8| 79.7 106 133 148 157 163
02| 123 17| 20.9 30| 433]| 755 104 137 172 191 203 210
10 01| 146| 20.1| 247| 354 51| 88.6 122 160 201 223 236 245
20 0.05 17 23.4| 28.7 41 59 102 140 184 231 255 270 280
50 0.02 20.4 28 34.2| 48.9 70.1 121 165 217 271 299 317 328
100 0.01| 231| 31.7| 386| 551| 788 136 185 242 302 333 352 364
Rainfall depths (mm) :: RCP4.5 for the period 268100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.76 13.5 16.6 24 34.7| 60.3| 82.7 109 137 152 161 167
0.2 13| 17.9 22| 31.6| 455| 78.9 108 142 177 197 208 215
10 01| 154| 21.3| 26.1| 374| 53.7| 928 127 166 207 229 243 251
20 0.05 18 248| 30.3| 434| 62.2 107 146 191 238 263 278 287
50 0.02 21.5| 29.6| 36.2| 51.7 74 127 173 225 280 309 326 336
100 0.01 2441 335| 40.9| 583| 832 143 193 252 312 344 363 374
Rainfall depths (mm) :: RCP8.5 for the period 263150
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.38 13 16 23.1| 33.4| 58.4| 80.4 107 134 149 158 164
0.2 12.4 17.2 21.1| 304| 43.8| 76.3 105 138 173 192 204 211
10 0.1 14.8 20.4 25 359 | 51.6| 89.6 123 162 203 224 238 246
20 0.05 17.2 23.7 29 416 | 59.7 103 141 186 232 257 272 281
50 0.02 20.6 28.4| 34.7| 49.6 71 122 167 219 273 302 319 330
100 0.01 234 321| 39.2| 55.8 79.8 137 187 245 304 336 355 367
Rainfall depths (mm) :: RCP8.5 for the period 268100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 11.2 15.5 19.1 275| 39.5| 67.5| 915 119 147 162 171 177
0.2 14.9 20.7 253| 36.4| 522 89 120 156 192 212 223 230
10 0.1 17.8 246| 30.1| 43.2 61.8 105 142 183 226 248 261 269
20 0.05| 20.8| 28.6 35| 50.2| 717 122 163 210 260 285 300 | 308
50 0.02 25| 34.3 42| 59.9| 85.4 144 193 249 306 335 352 362
100 0.01 28.3 389| 474| 67.6| 96.1 162 217 279 341 374 393 403
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Table6-4: Extreme rainfall projections for Appleby, from HIRDS v4.
Site
name Appleby
Site ID G13211
Rainfall depths (mm) :: Historical Data
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 8.57 12.5 154 21.6 29.5 45.9 58.7 73.2 89.1 98.7 106 111
0.2 11.4 16.5 20.3 28.4 38.7 60 76.6 95.2 115 128 137 143
10 0.1 13.5 19.6 24.1 33.6 45.7 70.6 89.9 112 135 149 159 167
20 0.05| 157| 228| 28 39| 529| 815| 104| 128| 155| 171| 183| 192
50 0.02 18.8 27.3 33.4 46.4 62.9 96.6 123 152 183 201 215 225
100 0011 213| 30.8| 37.7| 523| 70.8| 108| 137| 169| 204| 225| 239| 251
Rainfall depths (mm) :: RCP4.5 for the period 268150
ARI AEP 10m | 20m | 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.34| 136| 16.8| 235 32 492 | 624 771 93.1 103 110 115
0.2 12.4 18.1 22.3 31.1 42.2 64.7 81.8 101 121 134 142 149
10 0.1 148| 215| 26.4| 36.8| 499| 76.2| 96.2 118 142 156 166 174
20 0.05| 17.3 25 30.7| 428| 579| 88.2 111 136 163 180 191 200
50 0.02| 20.7 30 36.8| 51.1 69 105 132 161 193 212 225 235
100 0.01 23.5 33.9 41.5 57.6 77.6 118 148 180 215 236 251 262
Rainfall depths (mm) :: RCP4.5 for the period 268100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.83 14.3 17.7 24.8 33.7 51.3 64.8 79.6 95.6 105 112 117
0.2 13.1 19.1 23.5 32.8 445 67.6 85.1 104 125 137 146 153
10 0.1 156 | 22.7| 279| 389| 526| 79.8 100 123 146 161 171 179
20 0.05 18.2 26.4 325 45.2 61.1 92.5 116 141 169 185 197 205
50 0.02 21.9 31.7 38.9 54 72.8 110 137 167 199 218 231 241
100 0.01 24.8 35.9 43.9 61 82 123 154 187 222 243 258 269
Rainfall depths (mm) :: RCP8.5 for the period 263150
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.46 13.8 17 23.8 32.4| 49.7 63 77.7 93.7 103 110 115
0.2 12.6 18.3 225 315 42.8 65.4 82.5 102 122 134 143 150
10 0.1 15 21.8 26.8 37.3 50.6 77 97.1 119 143 157 168 175
20 0.05 17.5 254 31.1 43.4 58.6 89.2 112 137 165 181 192 201
50 0.02 21 30.4| 37.3| 51.8| 69.9 106 133 162 194 213 226 236
100 0.01 23.8 344 42.1 58.4 78.7 119 149 182 217 238 253 264
Rainfall depths (mm) :: RCP8.5 for the period 268100
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
0.5 11.3 16.4 20.3 28.4 38.4 57.5 71.6 86.8 103 113 119 125
0.2 15.1 22 27.1 37.8 51 76.3 94.7 114 135 148 157 163
10 0.1 18 26.2 32.2 44.9 60.5 90.2 112 135 159 174 184 192
20 0.05 21.1 30.6 37.6 52.3 70.4 105 130 156 184 200 212 220
50 0.02 25.4 36.8 45.1 62.6 84 125 154 184 218 237 250 260
100 0.01 28.8 41.6 51 70.7 94.7 141 173 207 243 265 279 290
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Table6-5

. Extreme rainfall projections for Motupiko, from HIRDS v4.

Site
name Motupiko
Site ID G12481
Rainfall depths (mm) :: Historical Data
ARI AEP 10m 20m 30m 1lh 2h 6h 12h 24h 48h 72h 96h 120h
0.5 6.87 9.86 12.1 16.8 23 36.4| 47.3 60.5 75.9 85.8 93.3 99.4
0.2 9.3 13.3 16.2 224 | 304 475 61.5 78 97.2 110 119 126
10 0.1 11.2 15.9 194 26.7 36.1 56 72.1 91.1 113 127 137 146
20 005| 133| 187| 227| 31.2| 42| e647| 83| 104| 129| 145| 156| 166
50 0.02 16.2 22.8 27.6 37.6| 504 76.9 98.1 123 151 168 182 192
100 001] 186| 26.1| 315| 428| 57| 865| 110| 137| 167| 187 201| 212
Rainfall depths (mm) :: RCP4.5 for the period 268150
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 7.49| 10.8| 13.2| 183 25 39| 50.3| 63.7| 79.3| 89.3| 96.9 103
0.2 10.2 14.5 17.7 245| 33.2 51.2 65.7 82.6 102 115 124 131
10 0.1 12.3 17.5 21.2 29.3| 39.4 60.4 77.1 96.5 119 133 144 152
20 0.05 14.6 20.6 25 34.3 46 70.1 89 111 136 152 163 173
50 0.02 17.8 25.1 30.3| 41.4| 55.2 834 105 130 159 177 190 201
100 0.01 20.5 28.7 346 | 47.1 62.5 93.9 118 146 177 196 211 222
Rainfall depths (mm) :: RCP4.5 for the period 268100
ARI AEP 10m 20m 30m 1lh 2h 6h 12h 24h 48h 72h 96h 120h
05| 7.88| 11.3| 139| 19.3| 26.3| 40.7| 52.2| 658| 815| 915| 99.1 105
0.2| 10.7| 153| 187| 259| 349| 53.6| 68.3| 854 105 118 127 135
10 0.1 13| 184 | 22.4| 30.9| 416| 63.3| 80.3 100 122 137 147 156
20 0.05 154 21.7 26.4 36.2 48.5 73.4 92.7 115 140 156 168 177
50 0.02 18.9 26.5 32.1 43.8| 58.3 87.5 110 135 164 182 196 206
100 0.01 21.7 304 36.6| 49.8 66 98.6 123 151 183 202 217 228
Rainfall depths (mm) :: RCP8.5 for the period 263150
ARI AEP 10m 20m 30m 1lh 2h 6h 12h 24h 48h 72h 96h 120h
05| 758| 109| 13.3| 186| 253| 39.4| 508| 642| 79.8| 89.8| 974 103
0.2 10.3 14.7 17.9 24.8| 33.6 51.8 66.3 83.2 103 115 125 132
10 0.1 12.5 17.7 21.5 29.6| 39.9 61.1 77.9 97.3 120 134 144 153
20 0.05 14.8 20.9 25.3 34.7 46.6 70.8 89.8 112 137 153 164 174
50 0.02 18.1 25.4 30.7 41.9 55.9 84.3 106 132 160 178 192 202
100 0.01 20.8 29.1 35.1 47.7 63.4 95 119 147 178 198 212 223
Rainfall depths (mm) :: RCP8.5 for the period 2aR100
ARI AEP 10m 20m 30m 1lh 2h 6h 12h 24h 48h 72h 96h 120h
0.5 9.03 13 15.9 22.1 30 455 57.7 71.7 87.8 98 106 112
0.2 12.4 17.6 21.5 29.8| 40.1 60.4 76.1 93.8 114 127 136 144
10 0.1 15 21.3 25.9 35.7 47.8 71.6 89.7 110 133 148 159 167
20 0.05| 17.8| 25.2| 305| 41.9| 559| 83.3 104 127 153 169 181 190
50 0.02 21.9 30.7 37.2 50.7 67.2 99.4 123 149 180 198 212 222
100 0.01 25.2 35.2 42.5 57.8 76.3 112 139 167 200 220 235 246
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Table6-6

. Extreme rainfall projections for Lake Rotoiti, from HIRDS v4.

Site Lake
name Rotoiti
Site ID F12882
Rainfall depths (mm) :: Historical Data
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h | 24h | 48h | 72h | 96h | 120h
05| g22| 872| 107| 151| 215| 36.9| 51.2| 69.7| 929| 108| 120| 130
0.2 85| 11.8| 14.4| 20.3| 28.7| 488| 67.1| 90.8| 120| 140| 154| 166
10 011 103| 14.3| 17.4| 24.4| 342| 57.7| 79.1| 107| 140| 163| 180| 193
20 0.05| 122| 169| 205| 28.6| 40 67| 91.5| 123| 161| 186| 205| 220
50 0.02 15| 206| 25| 34.7| 481| 80.1| 109| 145| 189| 218| 240| 257
100 001 173| 237| 286| 395| 54.7| 90.3| 122| 162| 211| 242| 266| 285
Rainfall depths (mm) :: RCP4.5 fibre period 20312050
ARI AEP 10m 20m 30m 1h 2h 6h 12h 24h 48h 72h 96h 120h
05| 6.78| 951| 11.6| 16.5| 23.3| 39.6| 54.4| 735 97| 113| 125| 134
0.2 9.3 13 158| 22.3| 31.3| 525 71.7| 96.1 126 146 161 173
10 01| 11.3| 15.7| 19.1| 26.7| 37.3| 623| 84.7| 113| 148| 170| 188| 201
20 0.05| 13.4| 18.6| 225| 31.4| 43.7| 726| 98.1| 130| 169| 195| 214| 230
50 0.02| 16.5| 22.7| 275| 381| 528| 86.8| 117| 154| 199| 229| 251| 268
100 0.01| 19.1| 26.1| 315| 435 60 98| 131| 172| 222| 255| 279| 297
Rainfall depths (mm) :: RCP4.5 for the peri2@81-2100
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h | 24h | 48h | 72h | 96h | 120h
05| 7.13 10| 12.3| 17.4| 245| 41.3| 565| 758| 99.7| 116| 128| 137
02| 9.81| 13.7| 16.7| 235| 329 55| 74.6| 99.4| 130| 150| 165| 177
10 0.1 11.9 16.5| 20.1 28.2| 39.4| 65.2| 88.2 117 152 175 193 206
20 0.05| 14.2| 196| 23.8| 332| 462 76| 102| 135| 175| 201| 220| 236
50 0.02| 175 24 29| 403| 557 91| 122| 160| 206| 236| 258| 275
100 0.01| 20.2| 27.6| 33.3 46| 63.4| 103| 137| 179| 230| 262| 287| 306
Rainfall depths (mm) :: RCP8.5 for the period 263150
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h | 24h | 48h | 72h | 96h | 120h
05| 6.86| 9.63| 11.8| 16.7| 23.6 40| 54.9 74| 97.7| 113| 125| 135
02| 9.42| 131 16| 226| 31.7| 531| 724| 96.8| 127| 147| 162| 174
10 01| 11.4| 159| 193| 27.1| 37.8 63| 855| 114| 149| 172| 189| 202
20 0.05| 13.6| 18.8| 22.8| 31.9| 443| 73.4| 991| 131| 171| 197| 216| 231
50 0.02 16.8 23 27.8| 38.7| 53.5| 87.8 118 155 201 230 253 270
100 0.01| 19.3| 26.4| 31.9| 44.1| 60.8| 99.2| 133| 174| 224| 256| 280| 299
Rainfall depths (mm) :: RCP8.5 for the period 2aR100
ARI AEP 10m | 20m | 30m | 1h 2h 6h 12h | 24h | 48h | 72h | 96h | 120h
05| 8.17| 115 14 | 19.9 28| 46.3| 62.4| 827| 107| 124| 136| 146
02| 11.3| 15.8| 19.2| 27.1| 37.8 62| 83.1| 109| 141| 162| 177| 190
10 01| 13.8| 19.1| 23.2| 32.6| 453| 73.8| 985| 129| 166| 190| 207| 222
20 0.05| 16.4| 22.7| 275| 384| 532| 86.2| 114| 149| 191| 218| 238| 253
50 0.02| 20.3| 27.8| 337| 46.7| 643| 103| 136| 176| 225| 256| 279| 297
100 0.01| 234 32| 38.6| 53.4| 732| 117| 154| 198| 251| 285| 310| 329
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The measuref meteorological droughtused in thissectionA & WLIR2 G Sy G AL+t S@F LR GNI y
(PED). Evapotranspiration is thecess where water held in the soil is gradually released to the

atmosphere through a combination of direct evaporation and transmratrom plants. As the

growing season advances, the amount of water lost from the soil through evapotranspiration

typically exceeds rainfall, giving rise to an increase in soil moisture deficit. As soil moisture decreases,
pasture production becomes moisttconstrained and evapotranspiration can no longer meet

atmospheric demand.

The difference between this demand (evapotranspiration deficit) and the actual evapotranspiration

Ad RSTAYSR lFa (GKS WLRAOSY(GALlt S lrepigsénslthg tothDA NI G A 2 y
amount of water required by irrigation, or that needs to be replenished by rainfall, to maintain plant

growth at levels unconstrained by water shortage. As such, PED estimates provide a robust measure

of drought intensity and duratiarDays when water demand is not met, and pasture growth is

reduced, are often referred to as days of potential evapotranspiration deficit.

PED is calculated as the difference between potential evapotranspiration (PET) and rainfall, for days
of soil moistwe under half of available water capacity (AWC), where an AWC of 150mm for silty
loamy soils is consistent with estimates in previous stu@des. Mullan et al., 2005PED, in units of

mm, can be thought of as the amountmissingrainfall needed in order to keep pastures growing at
optimum levelsHigher PED totals indicate drier soils. An increase in PED of 30 mm or more
corresponds to an extra week of reduced grassvgh. Accumulations of PED greater than 300 mm
indicate very dry conditions.

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for PED
are shown in this section. Thréstoricmaps show annual accumulated PED in urfittfim and the
future projection maps show the change in the annual accumulated PED comparetientistoric
period, in units of mm. Note that thhistoricmaps are on a different colour scale to the future
projection maps.

For the historic periodFigure7-1), the highest PED accumulation is experiencedhe coast at

Tasman Bay and further inland in the hill country (around and inland of Upper Moutere3@250

mm per year, on average). The eastern half of the region experiences larger accumulations of PED
than the western half (i.e. more drought potential).

In the future, the amount of accumulated PED is projected to increase atasssan, particularly for

the hill country inland of Tasman Bay (around Motupikedre7-2). By 2040, PED is projected to
increase by 10040 mm per year for that part of the region. By 2090 under RCP4.5 increases of 120
140 mm are projected for this area, and under RCP8.5 increases-@0030m of PED are

projected. The eastern half of thegion is likely to become substantially more drought prone than it
isin the historic periodwith average annual totals above 300 mm (indicating very dry conditions
becoming more common)

1 Meteorological droughhappens when dry weather pattes dominate an areand resulting rainfall is lowHydrologicatiroughtoccurs
when low water supply becomes evident, especially in streams, reservoirs, and groundwater levels, usuallyeaftended perioaf
meteorological drought
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Annual Potential Evapotranspiration Deficit Accumulation
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Figure7-1: Modelled annual accumulated Potential Evapotranspiration Deficit (mm), average over 1986
2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Change irannual accumulaibn of Potential Evapotranspiration Deficit (mm)
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Figure7-2:  Projected annual change in accumulated Potenttalapotranspiration Deficit (mm) at 2040 and

2090. Relative to 198&005 average, for RCP4.5 and RCP8.5, based on the average of six global climate
models. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.

Resoluion of projection is 5km x 5km.
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Soil moisture deficifSMD)is calculated based on incoming daily rainfall (mm), outgoing daily

potential evapotranspiration (PET), and a fixed available water capacity of 150 mnm@letof
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its potential rate until about half of the water available to plants is use@7&mm out of the total

150 mm availablelSubsequentiythe rate of evapotranspiratiomlecreases, in the absence of rain, as
further water extraction takes place. Evapotranspiration is assumed to cease if all the available water
is used ugi.e. all 150 mm)A day ofSMDis considered in this report to be when soibisture is

below 75 mm of available soil water capacity. The timing of changes in the days of soil moisture
deficit projections indicates how droughts may chamnggming throughout the yearThe PED, that

is the cumulative sum of SMD excess over 75 nmestiold, is directly related aridity intensity rather

than SMD days measuring duration by counting number of days oédacee. ThuSMD is

measured in days and PED is measured in mm of accumulation, so PED is a more sensitive measure
of drought intensitythan SMD.

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for
days of SMD are shown in this section. Tilsoricmaps show the annual and seasonal number of
days of SMD and the future projection maps show the geain the number of days of SMD
compared withthe historic period Note that thehistoricmaps are on a different colour scale to the
future projection maps.

For the historic periodthe highest number cdinnual SMRRIaysare experienced in the Tasman Bay
area and further inland to Motupiko (>200 days per ye&iyj(re8-1). The area from Takaka south to
Lake Rotoiti experiences 1800 days of SMD per year. The least bemof SMD days is
experienced in the Tasman Mountains, with£0 days of SMD per year. By seadeigre8-2),

most SMD days are experienced in winter and leastinmer.

Future projections of SMD days are presente#igure8-3 to Figure8-10. The number of SMD days

is projected to decline for most of the eastern half of the region, particularly in the Waimea Plains.
The number of SMD days is projected to increases for the western half of the region. By 2040 under
RCP4.5, 130 fewer SMD daysep year are projected thafor the historic period From Takaka south

to Lake Rotoiti, 80 fewer SMD days per year are projected tlfi@nthe historicperiod. For the

western half of the region,-20 more SMD days are projected per year. The magnitudbarige

under RCP8.5 is slightly less than under RCP4.5 by 2040. Byn2@@®RCP4,5nost of the region
(outside the Waimea Plains) is projected to experience more days of SMDnidre days per year)
thanfor the historic period The Waimea Plains isgpected to experience-45 fewer SMD days per

year. By 2090 under RCP8.5, those changes are more pronounced with increases of >15 SMD days
per year projected for northern, southern and western parts of the region, and >15 fewer SMD days
per year projectedor the Waimea Plains and surrounding areas.

The overall increases in SMD days in some areas are due to increases predominantly in the summer
seasorand where past values were loBecreases in the Waimea Plains asgadue to decreases in
SMD days duringinter, autumn and springlhis result, combined with the PED projections,

suggests thatiroughts may become more intense over the summer season in partidwlar

increasing rainfall at other times of the year may reducelikalihood of drought occumig then.
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Annual Soil Moisture Deficit Days

lake Rotoiti

Figure8-1: Modelled annual number of days of soil moisture deficit (average otheg historic period1986-

Period: 1986 - 2005

Days
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2005). Based on the average of six global climate models. Results are based on dynamical downscaled

projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Modelled number ofsoil moisture deficit day$19862005)
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Figure8-2: Modelled seasonal number of days of soil moisture deficit (average dherhistoric period1986-
2005). Based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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