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APPENDIX A
Definitions

Actual evaporation  The actual amount of evaporation that if moisture limited will be lower
than the potential rate.

Annual  January to December, unless otherwise stated.

Average  That value of a dataset that is most typical or likelyto occur, referring to the
mean or median of a dataset.

Cumulative distribution function ~ F(Q) the theoretical cumulative distribution that is
approximated by the observed probability of extreme

flow occurrence P(Q).

Dry spell A period of fifteen days or longer with less than 1 mm of rain on any day
(Moir et al. 1986).

Effective rainfall Rainfall minus potential evaporation for a particular time increment.

Evaporation The combined loss of water from water surfaces, the soil and plants to the
atmosphere.

Expected The value which occurs most frequently or that which is equally likely to have
observations above this value or below it.

Mean Refers to the arithmetic mean.

Nomnal The value which occurs most frequently or that which is equally likely to have
observations above this value or below it.

Persistence  Tendency for anomalies to remain of the same sign and similar magnitude for
many months (Wright 1985).

Potential evaporation The evaporation rate from a well watered, short green crop.

Probability density function  f(Q) describes the theoretical continuous frequency
distribution curve.

Rain days A day with 0.1 mm of rainfall or greater (Moir et al. 1986).

Recurrence interval or return pcﬁod the average length of time between two events of a
given size or larger.
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Seasons Summer December, January, February
Autumn March, April May
Winter June, July, August
Spring September, October, November

Teleconnections Climate anomalies that occur at great distances to each other but appear
to be related.

Typical The value which occurs most frequently or that which is equally likely to have
observations above this value or below it.
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APPEINDIX
RAINFALL AND DISCHARGE DATABASE

Table B1 Rainfall Stations

Station Station Start Date | Grid Reference | Alt. | Operating
Location No. NZMS 260 (m) | Authority
Cape Reinga + A42462 1941 MO02:817-525 -~ | 191 |[NIWA
Parengarenga A42582 1970 N02:011-369 55 | NIWA
Cape View A43701 1967 N03:137-222 37 | NIWA
Waiharara A43921 1956 M02:816-525 30 [ NIWA
Rangiputa A43931 1970 003:428-006 8 | NIWA
Mangonui A43951 1864 004:596-890 11 | NIWA
Aupouri ++ 530204 1967 N04:289-879 69 |NRC
Kaingaroa A53031 1962 004:414-844 30 [ NIWA
Matauri ++ A53081 1964 P04:922-846 183 | NIWA
Ahipara AS53111 1961 N04:252-708 5 | NIWA
Kaitaia AS3121 1893 004:345-766 8 | NIWA
Rangitihi AS3132 1961 004:414-755 37 |NIWA
Victoria Valley 531411 1966 004:482-729 91 |NIWA
Kerikeri MAF A53191 1981 P05:955-687 79 | NIWA
Laurensons 531910 1977 P05:972-669 61 |NRC
Herekino AS53222 1941 004:309-597 34 | NIWA
Takahue 532311 1976 005:440-653 122 | NIWA
Omahuta A53253 1977 005:645-641 30 |NIWA
Taus Falls* AS53281 1951 P05:851-614 308 | NIWA
Tyrees 532810 1966 P05:910-622 168 | NIWA
Waikimihia 532910 1977 P05:996-643 40 |NRC
Waihou 533610 1976 P05:708-544 61 | NIWA
Omapere 533812 1965 P05:856-486 274 | NIWA
Oheawai 533813 1967 P05:901-490 122 | NIWA
Puhata A53321 1979 005:623-562 9 | NIWA
Opononi AS53442 1964 006:488-350 12 [ NIWA
Rawene AS53453 1977 005:566-441 15 [NIWA
Kaikohe B. 534724 1985 P05:831-406 282 |NRC
Kaikohe + A53471 1922 P05:855-418 162 | NIWA
Kaikohe DSIR ++ | A53482 1973 P05:834-418 204 | NIWA

—
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Station Station Start Date | Onid Reference | Alt. Operating
Location No. NZMS 260 (m) | Authority
ikohe DSIR AS53487 1985 P03:834-418 204 | NIWA
Waiotemarama AS53541 1977 006:494-302 229 | NIWA
Waiora 535510 1976 006:651-255 335 | NIWA
Waipoua* A53651 1928 006:612-666 88 | NIWA
Ty Ranch 536611 1966 006:689-186 433 | NIWA
‘Waimatenui AS3672 1914 P06:768-191 213 | NIWA
Pipiwai + AS53672 1948 P06:012-161 76 | NIWA
Kaihu 537611 1968 P07:700-087 244 |NRC
Parakao AS53791 1948 P07:969-093 55 |NIWA
Mamranui A53881 1956 P07:829-930 49 | NIWA
Awakino 538810 1962 P07:866-962 47 |NRC
Baylies Beach 539710 1976 P07:781-831 60 |NRC
Dargaville + A53981 1930 P07:879-950 20 |NIWA
Dargaville A53982 1930 P07:879-950 20 | NIWA
Waitangi 542010 1975 P05:065-578 30 | NIWA
Russell* A54201 1919 P07:879-950 20 |[NIWA
Kawakawa A54301 1918 P05:072-462 8 | NIWA
Waiotu 545111 1978 Q06:150-328 120 |NRC
Puhipuhi* 545201 1905 Q06:267-323 215 | NIWA/NRC
Hukerenui 545213 1974 Q06:197-303 122 |NRC
‘Whakapara 545310 1968 Q06:335-313 107 |NRC
Matapouri A54551 1964 Q07:469-251 3 |NIWA
Jordan Valley 546212 1967 Q06:217-214 107 |NRC
Hikurangi A54622 1970 Q06:272-212 107 | NIWA
Ruatangata A54623 1963 Q06:206-141 152 | NIWA
Glenbervie 546301 1947 Q06:325-152 107 |NRC
Ngunguru 546412 1968 Q06:419-197 137 | NIWA
Riponui 546510 1969 Q06:118-202 107 | NRC
‘Wairua Falls A54701 1916 P07:072-043 15 | NIWA
Maungatapere ++ | A54721 1954 Q07:198-044 122 | NIWA
Otaika 547219 1979 Q07:235-042 120 |NRC
Whau Valley A54735 1970 Q07:278-099 152 | NIWA
Onerahi + A54733 1949 Q07:340-028 37 |NIWA
Onerahi Aero AS54737 1990 Q07:340-028 37 | NIWA
Tangihua A54811 1958 Q07:115-952 84 | NIWA
Mangapai A54821 1970 Q07:277-945 64 | NIWA
Tauraroa 548310 1964 Q07:295-914 137 |NRC
Monymusk 549010 1976 P08:049-780 20 |NRC
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Station Station Start Date | Grid Reference | Alt. | Operating
Location No. NZMS 260 (m) | Authority
Manganui* 549310 1963 Q08:279-779 60 |NRC
Arapohue A63091 1955 P09:954-780 61 |NIWA
‘Waihoihoi 640411 1968 Q08:397-724 61 |NRC
Waipu A64051 1949 Q08:464-732 61 | NIWA
Ruawai + A64101 1949 P08:027-651 5 |NIWA
Ruawai A64112 1967 Q08:115-632 - 70 | NIWA
Paparoa A64123 1970 Q08:216-659 30 | NIWA
Maungataroto A64132 1949 Q08:342-589 17 | NIWA
Hakaru 641413 1979 Q08:444-613 100 | NRC
Mangawhai A64151 1917 R08:528-628 4 |NIWA
Tara 641511 1946 Q08:477-646 90 |NRC
Pukehaun A6422]1 1955 Q08:234-543 61 | NIWA
Topuni A64241 1948 Q08:417-530 63 | NIWA

The asterisk (*) beside the rainfall station number signifies those stations with missing
monthly rainfall totals in their time series that have been estimated. The rainfall stations with
aplus (+) sign beside their station number are those that have been closed and have had their
records extended, by the author, up to December 1992. Rainfall stations with two plus
signs beside their station number (++) signify those stations that have closed but have not
had their rainfall records extended.

Missing values were estimated or records extended for those time series from stations
signalled above by deploying single or multiple regression methodology, using monthly
rainfall totals from other close rainfall stations as the independent variables. Gordon et al
(1992) states that the problem of estimates for sites which have missing records or the
extension of short-term records can be addressed with regression methods. The dependent
variable (Y) represents records from the short term or intermittent site, and the independent
variables (X1, X2....Xp), represent record lengths from the long term, surrounding stations
in a homogenous climatic zone. The resulting multiple regression equation can be used to
generate data for missing periods or to extend the short term record to the length of the long
term one (Gordon et al. 1992).

The stations whose missing rainfall records were estimated or whose records were extended
and those time series that were used as independent variables in the multiple regression
equations are given in Table B2. Regarding the closed rainfall stations with a shortened data
record, if there was a rainfall station located close by that had similar statistical parameters to
the shortened time series the two time series were simply added together.

—
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Table B2 Description of adjusted rainfall time series

Taus Falls

Waipoua

Puhipuhi

Manganui

Russell

Cape Reinga

Kaikohe (Orr)

Onerahi

Dargaville

Ruawai

Mangawhai

Missing months: Nov 1966, Dec 1968, Nov 1977, May 1974, Sep 1974,
Jan 1975. Rainfall time series used to estimate the missing Taus Falls
values was Kerikeri (A53191) and Tyrees (532821).

Missing months: April-May 1987. Rainfall time series used to estimate
the missing Waipoua Forest data was Opononi (A53442) and
‘Waitemarama (A53541).

Missing months: June-July 1987, Feb 1988 and April 1992. Rainfall
time series used to estimate the missing Puhipuhi data was Waiotu
(545111) and Hukerenui (545213).

Missing month: Sept 1991. Rainfall time series used to estimate the
missing Manganui data was Tauraroa (548310).

Missing months Oct 1975-Dec 1979, Sep 1989. Rainfall time series used
to estimate the missing Russell data was Kawakawa (A54301) and
Wakelins (542010).

Station closed in December 1988. Record extended from Jan 1988 to Dec
1992. Rainfall time series used to estimate the Cape Reinga time series
was Parengarenga (A42582) and Cape View (A43701).

Station closed in June 1971. DSIR Freshwater in Whangarei extended
this time series using rainfall time series from Kaikohe (A53487),
Kaikohe (A53482) and Kaikohe (534724).

Station closed in March 1988. Record extended from April 1988 to Dec
1992. The Whangarei Aeroclub (A54737) time series was added on to the

Onerahi time series.

Station closed in Dec 1989. Record extended from Jan 1990 to Dec 1992.
The Dargaville (A53982) time series was added on to the Dargaville
(53981) time series.

Station closed in Jan 1985. Record extended from Feb 1985 to Dec 1992.
Rainfall time series used to estimate the Ruawai time series was Ruawai
(A64112), Arapohue (A63091) and Pukehau (A64221).

Station closed in April 1986. Record extended from May 1986 to Dec
1992. Rainfall time series used to estimate the Mangawhai time series
was Waipu (A64051), Hakaru (641413) and Tara (64155 1).
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Table B3  Discharge stations
Station | River Grid Area above Start Recorder Operating
No. Reference Flow Station Date Type Authority
NZMS 260: (km2)
1316 Awanui 004:352-761 222 Jan-58 F&P/Fox | NIWA
46618 Mangakahia P06:878-189 246 Dec-60 F&P NIWA
3722 Waitangi P05:061-577 302 Feb-79 F&P NIWA
48015 Mangamuka 005:564-668 23.3 Mar-76 F&P NIWA
4901 Ngunguru Q06:405-214 12.5 Aug-69 |_ L&S NIWA
3506 Mangaparerua | P05:913-625 11.1 Nov-67 F&P NIWA
47527 Opahi N15:234-344 10.6 1966 L&S NIWA
46614 Wairua Q06:149-158 544 Mar-60 L&S NRC
46651 Manganui Q07:110-816 411 May-60 L&S NRC

- All discharge stations have automatic water level records installed.
F&P = Fischer and Porter
L&S = Leupold and Stevens

It should be noted that neither the rainfall nor discharge time series were adjusted to
compensate for the systematic errors that could exist, particularly inherent in the collection of
precipitation data, which tend to result in undercatch (Houghton et al 1992). The methods
for correcting precipitation and discharge records are complex and require specific site and
climatic data that is not readily available.
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APPENDIX C
SUMMARY STATISTICS

This appendix provides the monthly summary statistics for rainfall time series from 20
rainfall stations in Northland.

Table C1 Monthly Means

[Rainfall Sample | Months
Station Size [Jan |Feb [ Mar [ Apr May | June | July [ Aug [ S ep | Oct | Nov | Dec
(years)

[Cape Reinga | %0 [ & 2| ] %| 8] B 2] B 8 a5
Waiharara 35 68 8 T8 9| 106 140( 133| 133| 106| 85| 76| M
Kaitaia 90 2 89| 81| 111| 136 154 150 145( 121| 105 3| &8
Herekino 38 91 97| 100 122 148 183| 168| 177| 138 125 115| 100
Waipoua 63 88| 103 100| 135 161| 188| 187 176! 138 135( 112 104
Dargaville 0 84 85 T 9| 129| 148 136] 126 9% 9% 85 80
Ruawai 38 70 84 93 %) 115| 141| 130| 137 9 X 87 87
Kaikohe V! 102 115 107| 137| 156| 178| 169| 167| 135 127 9 104
Pipiwai 38 87| 108( 130| 121 137| 174| 173] 166| 131 124 105( 118
Wairua Falls 76 1/} 97 93 114 135 150 150| 139 110| 101 93 R
Manganui 26 9 9| 125 136| 126] 163| 142| 162 123| 110 109 110
Maungataroto 38 89| 100( 116 112| 136 160| 146| 160| 124 107 101| 100
Mangonui 100 87 90 91( 120 144 157| 154 156| 119 102 87 80
Russell B 89 102 107 122 148 149 162| 156| 122 101 88 85
Kawakawa 3 99| 110 108 125| 156| 175| 167| 165| 120 9 90 90
Onerahi 39 88) 116 140) 116 135| 164 164| 157| 132 113 83 98
Mangawhai 76 80 85 8| 105| 123| 154| 144| 134] 105 9% 86 78
Waimatenui ™ 112 138] 119| 161| 208( 240| 238| 225| 172 157 126 124
Taus Falls 38 136 184| 197 193| 207| 256| 237| 257| 202 181) 134| 148
Puhipuhi 86 125| 148 167 168 199 216| 228| 216 162 140| 115 111
Average 97| 110) 115| 131] 153 179] 174| 172| 134 119 102| 102
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Table C2 Monthly Medians
Rainfall Samplc | Months
Station Size |Jan | Feb | Mar | Apr | May | June | July | Aug Sep | Oct | Nov | Dec

(years)
Cape Reinga | 0 —=—Tw &% & L1| 4] 05| &] 3| $| 9]
Waiharara 35 40 58 VA 84| 100| 118| 130| 125 97 75 63 68
Kaitaia 90 63 71 671 109| 123| 142| 151| 148] 114 97 91 8
Herekino 38 69 81| 106| 117| 136| 174| 161| 173| 135 130| 113| 101
Waipouna 63 n 80 g8| 133 149| 191| 187| 177| 138| 18| 108 91
Dargaville 0 0 62 59 86| 117| 144| 131 130 %8 87 82 n
Ruawai 38 54 60 822 g3| 112] 129| 129 141 90 87 ™ 77
Kaikohe n 81 75 g7| 118| 149| 161| 170| 167| 124| 115 97 9%
Pipiwai 38 7 o| 107| 113| 131] 170| 173| 180| 124 115 101] 100
Wairua Falls 76 n 75 g| 102| 125| 147| 145| 130| 109 93 89 89
Manganui 26 67 6| 112| 119| 11s| 143| 135] 151| 120 95| 105 95
Maungataroto 38 51 66| 101 89| 127| 161| 136( 152 119 9 93 R
Mangonui 100 0 69 81| 104| 132| 146| 149 140| 115| 100 ™ 67
Russell (£ 64 63 g7| 111]| 134| 148| 162| 156| 114 85 81 69
Kawakawa Y] 76 ™ go| 115| 150| 166| 162| 153]| 120 9 90 69
Onerahi 39 n 91| 107 g7| 108| 1s51| 158| 143| 109 93 78 87
Mangawhai 76 60 66 v 94| 110| 138| 132 129 9 R 81 85
Waimatenui 04 71| 108| 108| 141]| 195| 246| 225| 225 174| 157| 126| 113
Taus Falls 38 86| 133| 182| 148| 195| 221| 249| 248 187 181 117 128
Puhipuhi 86 o3| 113| 1s50| 137]| 179| 182 219| 205 142 129 98 89
Average ) gt| 100| 15| 141| 168| 169| 167| 127| 11l 9% 90
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Table C3 Monthly Standard Deviations (Sd)

Rainfall Sample | Months
Station Size [Jan | Feb [ Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
(years)

Cape Reinga 0 %] 2| & 6| 48| | 55| 2| 28] & 36| 3
Waiharara 35 68 76 57| 65 & 70| 47| 60| 42 47 [l B
Kaitaia 90 84 69 55 55 75 63 6| 6 50 58 45 45
Herekino 338 86| 75 59| 68 67 76| 48 67 45 62 50| 48
Waipoua 6 60 75 67| 6l 6| 60| 55 57 50 64 46 50
Dargaville 70 64 67 53 51 58 57| 52| 43|~ 33 53 9 47
Ruawai 38 L} 0 4| 47 51 58| 46| & 38 47| 4 53
Kaikohe 71 82 91 74| 9 85 2| 67| 7 58 69| 48 80
Pipiwai 38 80 75 90 67 2 78 61 61 46 61 46| 61
Wairua Falls 76 78 77 65 68 64| 6l 6 55 38 48 501 53
Manganui 26 9% B 81| 111 69 78 501 75 47 64 54 65
Maungataroto 38 8 80 66 Yl 68 | 57| 76 55 60 50| 60
Mangonui 100 ! 74 75 80 ™ 5] & 7 51 48 45 55
Russell 3 3 89 LX) (5] 87| H| 83 78 60 59 591 61
Kawakawa £) 85 87 T 8 86 88 ! 73 60 58 52 59
Onerahi 39 8 92| 105 4| R 93 7 81 2 76 4 58
Mangawhai 76 66 (7’ 64 59 69 75 63 69 43 47 4 42
Waimatenui ™ al| 12| 77| 92| 102 & 87 8 57 82 59 ”
Taus Falls 38 137| 144| 121| 160| 128 128 86| 115 a3 115 70 84
Puhipuhi 86 117] 131] 119| 118 125| 117| 110| 107| 92 80 2 76
Average 87 90 02 & & 8 68 75 57 65 53 60
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Table C4 Monthly Skewness Coefficients (Sk)

' [Rainfall Sample | Months
Station Size |Jan | Feb | Mar | Apr | May | June July | Aug Sep | Oct | Nov | Dec

(years)

| W_s_o 21 28] 22| 19| 10| Lo] oz| L3] Lo[ Le| 06f 09
Waiharara 35 17l 13| ose| 19| 14| 12| 07| 06| LI| 04| L7| 13

| Kaitaia % 16l 12| os| os| 1.8 o8| 04| 04| LO| LO| 08| 0B
Herekino 38 23| 17| 05| 12| 10| os| o6} 02| 13| 03] 06/ 04
Waipoua 63 121 09| 20| 11| os| 03| 04| 04| 04| L6 06) 1l
Dargaville ] 14! 1ol 12| 1s| o7| o3| 11| 04| 00| L9 04] LI
Ruawai 38 13l 13| -03| -05| -02| oo| oof 57| 05| -05| -03] 13
Kaikohe n 14! 11| o8| 19| 06| 06| 05 02| o0.8| 13| 08| 3.7
Pipiwai 38 14| 10| el 17| 10| o3| o1] -02| 05| 03| 03] 06
Wairua Falls 76 20| 12| 16| 17| 05| 04| 09| 06| 10 09| 07| 09
Manganui 2% 22| o9l 06| 17| 13| 08| oof 09| 06 07| 02| 04
Maungataroto | 38 171 11l os| 13| o9| o3| os| o8| 09| 03| 08| 07
Mangonui 100 13l 1| 20| 20| 11| 1ol 11| os6f 07| 04| 06| 1l
Russell yx) 22| 14| 11| 1s| o7| 14| 10| 10| L4| 1L4f 10| L6
Kawakawa 7 sl 11|l o9l 1s| 07| 09| 06| 10| 15| 12| 06| 12
Onerahi 39 18] ol 11| 14| 12| 07| os| o9f 14| 10| 06| 08
Mangawhai 76 14l 16l 14| 18| os| 11| os| 12| 06| 07| 05| 04
Waimatenui ” 11l ts| 1s| 1s| 1o| o2| os| 03| 00| LI1| 06| 09
Taus Falls 38 23| 11| os| 21| 12| os5| 03| 05| 13| 07 09| 10
Puhipuhi 86 22| 16| 11| 13| 10| 10| 06| 06| 16| 09| 07| 1O
Average 18| 14l 12| 1s| ro| o7| o6 o9| 09| 09| 07} L1
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Table C4 Monthly Skewness Coefficients (Sk)
Rainfall Sample | Months
Station Size |Jan | Feb | Mar | Apr | May | June | J uly | Aug | Sep | Oct | Nov | Dec
(years)
[Cape Reinga | % 511 291 22| 19| 10| Lo| o02[ L3] 10| L6 06| 0.9
Waiharara 35 17! 13| o9| 19| 14] 12 07| o6| 11} 04| L7} 13
Kaitaia 90 1.6| 12| o8| 06| 18| 08 04| 04| 10| 10| 08| 08
Herekino k- 23| 17| os5| 12| 10| 09 06| 02| 13| 03| 0.6] 04
Waipoua 63 12| 09| 20| L1| 09| 03 04| 04| 04| 16| 06{ 1.1
Dargaville 0 14| o] 12| 15| 07| 03 1.1l 04| o0o0| 19| o04] L1
| Ruawai 38 13| 13| -03| -05| -02( o.0f 00 57| 0.5] -05] -03| 13
Kaikohe 71 14| 11| os| 19| oe6| 06| 05| 02f 08} 13 08| 3.7
Pipiwai 38 14! 10| 1s| 17| 10| 03| 0Ol 02| 05| 03| 03| 0.6
Wairua Falls 76 20| 12| 16| 17| 05| 04| 09 06| 10| 09| 07| 09
Manganui 26 22| os9| o6| 17| 13| 08 0.0 09| o.6| 07| 02| 04
Maungataroto 8 17! 11l os| 13| o9 03] 05| 08 09| o0.3]| 0.8 07 ‘
Mangonuvi 100 13| 11| 20| 20| Lif Lo| L1 06| 07| 04| 06| 1.1
Russell 73 22| 14| 11| 15| 07| 14| L0 10| 14| 14| 10| 1.6
Kawakawa B 15| 11| o9| 15| 07| 08| 06 10| L5 12| 06| 12
Onerahi 39 1.8 10| 11| 14| 12| 07 05| 09| 14| 10| 06| 0.8
Mangawhai 76 14| 16| 14| 18] 08| L1 05| 12| 06| 07| 05| 04
Waimatenui ™ 11| 15| 1s| 5| Lo 02| 06 03| o0.0| 11| 06| 09 ‘
Taus Falls 38 23| 11| os| 21| 12| 05| 03 05| 13] 07 09| 1.0 |
Puhipuhi 86 22| 16| L1 13| 10| 1o| 06| 06| 16| 09| 07 1.0
Average 18] 14| 12| 15| Lol 07| 0.6 09| 08| 09| 07| 1.1
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Table C5 Monthly Kurtosis Coefficients (Kd)

Rainfall Sample | Months
Station Size |Jan | Feb | Mar | Apr | May | Junc | July [ Aug | Sep | Oct | Nov | Dec
(years)

Cape Reinga | %0 35| 104] 61| 57| 08| 09| -1.0] L3| 03] 16| 03] 02
Waiharara 35 2.0 o8| 06| 46| 18| 09| 06| -0.2| L1| -03| 3.9| 25
Kaitaia 90 19| L7{ -0.1] 0.7| 6.5 02| -02| -04| 15| 18| 08| 08
Herekino 38 64| 34| -03] 15 05| 04| 03| -0.8( 33| -06| -03] 03
Waipoua 63 19| o09| 00| 69| L8| 09| 09| 03| -04| -03| 3.8| -03
Dargaville 0, 24| 03| 12| 31| 00| -05| 20| -0.1| 0.7 68| -0.5| 1.1
Ruawai k] 1.3 13| -03| -05| -02| 0.0 0.0| 57| 0.5]| -05| -0.3| 1.3
Kaikohe )\ 1.7 o0.1]| -0.2| 49| 02| 03| 00| 02| 04| 34| 0.8| 20
Pipiwai 38 16| 03| 36| 37| 12| -1.0| -1.1|] 09| 0.1| -0.8| -0.8| 0.0
Wairua Falls 76 56| 14| 40| 49| -02| -02) 22| -01( 22| 10| 0.0/ 0.9
Manganui 26 40| -06| 06| 2.7 22| -02| -0.8| 0.5 0.0| -04] -09( -0.9
Maungataroto 38 21| 0.5 -05| 12| 0.0 -07| 0.0| 05| 14] -1.2] 06| -02
Mangonui 100 1.5 04| 68| 7.8 1.6| 1.5 23| -0.1| 05| -01| -03| 1.4
Russell Y 50| 13| 05| 36| 00| 27| L7| 07| 27| 27| 09| 3.0
Kawakawa 3 20| 04| 06| 35| 20| 17| 08| 1.1]| 34| 24| -03| 12
Onerahi 39 37/ 01| 09| 13| 0.8| -03]| -0.5| 0.8 1.3| 02| 00| 0.5
Mangawhai 76 1.9] 3.0| 27| 52| 01| 18| -06| 23| 04| 04| -03| 0.0
Waimatenui ;) 0.5| 2.3| 5.3| 33| 1.1| -04| 0.1f -0.5( o0.0] 35| 05| 13
Taus Falls 38 62| 02| -05| 4.6| 17| -06| 0.5| 0.1 1.7| -02| 0.8 0.8
Puhipuhi & 65| 27| 11| 16| 16| 1.0 01| 02| 3.1 1.1| -0.6] 03
Average 33| 16| 16| 37| 12| 04| 04| 06| 12| 11| 04| 0.9




Rainfall Station

1874-75

1877-78

1897-98

1902-03

1907-08

1911-12

1912-13

1913-14

1914-15

1917-18

1918-19

1919-20

Cape Reinga
Waiharara
Kaitaia
Mangonui
Russell
Kawakawa
Onerahi
Mangwhai
Kaikohe
Waimatenui
Taus
Wairua
Pipiwai
Puhipuhi
Manganui
Herekino
Waipoua
Dargaville
Ruawai

Mangataroto

2.09

5.02

3.60

1.95
1.91

1.90
1.77

2.31
1.18

2.19

5.24

1.38
1.45

6.65

4.92

7.66

1.32

1.07

2.87
3.26

3.52

3.05

3.97

3.71

2.59
1.89
2.44
1.55

5.81

Key

Blank space = missing rainfall data

0 No drought detected
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Rainfall Station [|1922-23 [1923-24 |1924-25[1925-26 |1927-28 |1928-29 |1930-31 [(1931-32 |1932-33 [1933-34 |1938-39 |1941-42 |1942-43 |1944-45 [1945-46
Cape Reinga 1.21 0 0 2.99
Wajharara

Kaitaia 0 0 1.26 1.57 2.18 1.26 3.55 2.32 3.84 0 1.61 1.18 1.85 0 2.17
Mangonui 3.08 1.36 4.52 2.65 2.77 1.72 2.08 1.58 2.87 1.54 0 2.21 2.44 0 3.10
Russell 0 0 0 0 1.99 2.52 4.27 0 2.99 0 0 2.03 1.96 2.08 3.59
Kawakawa 0 0 2.36 1.87 2.14 1.47 3.06 0 2.76 0 0 4.06 1.34 1.25 3.93
Onerahi

Mangwhai 2.38 1.65 1.56 2.06 1.65 2.07 1.52 0 1.68 3.58 1.89 4.84
Kaikohe 0 3.38 1.82 2.59 1.33 3.20 2.87 1.25 1.22 0 2.25 3.19
Waimatenui 0 2.18 1.51 2.70 1.51 2.91 0 1.52 1.54 1.61 1.72 3.32
Taus

Wairua 1.24 0 2.04 1.49 2.38 1.31 2.61 0 3.93 0 1.47 1.06 1.44 0 3.47
Pipiwai

Puhipuhi 0 1.62 1.75 1.60 1.58 1.66 3.47 0 0 0 1.11 1.58 1.43 0 3.25
Manganui

Herekino 1.84 1.80 3.74
Waipoua 1.21 0 2.42 1.21 1.64 1.12 1.00 2.63
Dargaville 3.17 0 3.21 1.55 2.61 2.04 1.95 3.27 0 1.60 1.29 ’ 2.10 2.34
Ruawai

Mangataroto

Key

Blank space = missing rainfall data
0 No drought detected
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Rainfall Station |[1946-47 |1947-48 [1949-50 [1953-54 [1954-55 |1957-58 |1960-61 [1961-62 |1962-63 |1963-64 [1967-68 [1969-70 | 1970-71 | 1971-72
Cape Reinga |0 0 3.85 |1.15 |0 1.50  [1.23 [3.07 o 0 1.30  [2.31 1.80 |0
Waiharara 1.42  [1.83  [2.16  |1.61  |2.42  [1.53  |t.02 o 0
Kaitaia 1.66 |0 335|191 |o 1.61 |o 1.54  [1.21  |2.91  [3.66 o 0 0
Mangonui 2.16 |o 2.99 .15 |o 1.38  |o 1.86 |2.47  |2.40 [1.53  |1.38  |1.53 o
Russell 1.67  |1.62  |[5.00 [1.30  |196 113 o 1.71 1.73 1.81 1.39  |o 1.24 |0
Kawakawa 1.39 o 4.05 |0 0 1.74  |o 1.25  |3.53 1.45 |0 1.06 |0 0
Onerahi 3.83 |0 0 320  |o 0 0 224 |1.32 |2.17 o 0
Mangwhai .71 |o 410 |1.44  |1.70 o 0 2.01 o 0 1.18 |0 0 0
Kaikohe 1.56 310 [1.12 |o.00 o 1.41 |0 0 2.57 172|195 o 0
Waimatenui 1.75 2.45  |2.04  [1.78 o 0.00 [2.14 |o 0 2.35  [2.29 o 0
Taus 0 0 1.47  |1.24 o 0 2.15  |2.09 (273|114 o
Wairua 1.17 2.28  [1.45  [1.89 o 127|144 o 200 |1.32 128 o 0
Pipiwai 3.48  |1.37  [1.61 o 130 |o 0 2.85  [1.35  [1.47 |0 0
Puhipuhi 0 3.68 |0 0 0 129 |o 0 .33 [1.29  [3.13 [1.70 o
Manganui 1.03  [2.95 |o 0
Herekino 1.99  |1.17  [3.59  |1.30 |0 0 0 2.38 |0 2.67 |1.36 |o 0 1.43
Waipoua 1.95 |2.09 o 0 0 2.13 |o 2.46  |1.84 |o 1.86 o
Dargaville 231 |2.98  |o 0 0 1.57 |0 1.98 |11 Yo 0 0
Ruawai 336|142 [1.18 o 1.63  |1.04 |0 3.19 o 0 0 1.41
Mangataroto 2.83  |1.30  [2.12 |19 |1.00 [1.58 o 1.56 |0 0 0 0
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Rainfall Station [[1972-73 [1973-74 |1974-75|1975-76 [1976-77 1977-78 | 1978-79 [1980-81 | 1981-82 [1982-83 | 1986-87 1988-89 [1989-90 {1990-91 [1991-92
Cape Reinga 3.33 1.99 0 0 2.09 2.16 0 1.02 0 2.12 0 0 0 2.83 1.36
Waiharara 1.28 3.97 0 0 2.17 2.47 0 0 0 3.29 2.37 0 0 1.67 1.23
Kaitaia 2.43 2.91 0 1.35 1.69 0 0 0 0 3.13 1.91 0 0 1.61 2.58
Mangonui 2.34 2.46 0 1.25 0 0 0 0 0 4.20 3.48 0 0 4.02 2.34
Russell 4.19 1.15 0 0 0 0 0 1.33 0 3.43 4.43 0 0 1.82 1.60
Kawakawa 3.08 1.96 0 0 0 0 0 0 0 2.88 4.60 1.77 0 1.78 1.42
Onerahi 3.31 0 0 1.18 0 2.82 2.04 0 0 2.94 5.10 2.10 0 3.11 2.87
Mangwhai 1.75 2.29 0 1.30 0 1.79 1.82 0 1.63 3.93 2.30 0 1.42 1.22 2.39
Kaikohe 3.12 1.96 0 0 0 2.95 0 0 1.15 2.57 2.38 0 0 2.06 2.72
Waimatenui 0.00 3.73 0 0 0 2.15 0 0 1.03 5.32 0 0 0 2.46 0
Taus 1.33 1.38 0 0 0 4.01 0 0 0 4.50 2.82 0 0 2.72 2.54
Wairva 1.60 1.26 0 0 0 1.76 0 0 0 3.63 4.92 1.63 0 2.93 2.78
Pipiwai 2.53 1.66 0 0 1.19 3.20 0 0 0 4.28 1.31 0 0 1.44 2.2
Puhipuhi 6.46 2.66 0 0 0 3.20 0 0 0 3.95 0 0 0 0 2.89
Manganui 2.23 1,71 0 0 0 2.97 0 0 0 3.23 2.25 2.02 1.81 1.35 2.32
Herekino 1.41 2.62 1.52 0 0 2.47 0 0 1.04 4.02 0 0 0 2.18 1.53
Waipoua 1.94 2.03 0 1.96 0 0 0 0 1.09 4.12 0 1.29 0 1.45 1.55
Dargaville 2.13 2.14 0 1.27 0 0 0 0 1.35 4.86 0 1.43 0 1.39 0
Ruawai 1.94 1.77 0 1.48 0 2.16 0 0 1.86 4.48 0 0 0 2.13 0
Mangataroto 2.92 2.71 0 0 0 2.95 0 0 1.33 3.62 4.60 0 0 2.91 3.46
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Table D2 Drought index severity results for the 1982-83, 1986-87, 1990-91, 1991-92
droughts for the 51 rainfall stations used in the construction of the drought

severity maps.
Station Station 1982-83 | 1986-87 | 1990-91 | 1991-92
Location No.
Parengarenga A42582 1.95 1.81 1.83 1.68
Cape View A43701 2.13 3.70 2.13 0
Rangiputa A43931 3.61 3.94 1.94 1.39
Aupouri 530204 3.88 0 2.79 0.00
Kaingaroa A53031 4.37 1.06 1.71 1.91
Matauri A53081 3.41 4.11
Ahipara AS53111 3.30 1.18 3.41 0.95
Rangitihi A53132 4.60 1.41 1.54
Victoria Vlly 531411 3.51 0 2.55
Laurensons 531910 3.10 0 0 1.24
Takahue 532311 2.81 0 0
Omahuta A53253 3.21 0 0 1.21
Tyrees 532810 4.30 0 0 1.71
Waikimihia 532910 3.86 0 0 2.12
Waihou 533610 3.70 0 0 1.65
Omapere 533812 3.70 0 1.22
Oheawai 533813 3.52 0 3.93 0
Puhata AS53321 3.18 0 1.68 0
Opononi A53442 4.38 0 2.00 3.09
Rawene A53453 6.70 0 1.71 0
Waiora 535510 0 0 1.66 0
Ty Ranch 536611 0 0 0 0
Kaihu 537611 3.98 0 1.52 1.92
Parakao A53791 4.47 4.22 1.95 2.26
Mamranui A53881 3.68 0 2.34 1.61
Awakino 538810 3.06 1.19 2.87 1.38
Baylies Bch 539710 3.54 0 2.06 1.47
Waitangi 542010 3.25 1.26 0
Waiotu 545111 2.85 0 0 2.87
Hukerenui 545213 3.35 2.40 0 2.75
Whakapara 545310 3.24 3.67 1.26 3.10
Matapouri A54551 2.39 4.84 1.56 1.75
Jordan Vly 546212 3.73 3.29 0 3.30
Hikurangi A54622 2.41 5.62
Ruatangata A54623 2.13 2.20 0 2.24
Glenbervie 546301 2.72 3.68 3.41 3.58
Key
Blank space = missing rainfall data
0 = no drought detected
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Table D2 -cont-
Station Station 1982-83| 1986-87| 1990-91| 199 1-92

No.
Location
Ngunguru 546412 3.00 4.94 0
Riponui 546510 2.76 1.55 0 3.23
Maungatapere | A54721 4.06
Otaika 547219 2.02 2.50 2.26 2.28
Whau Valley | A54735 0 3.09 0 2.86
Tangihua A54811 2.71 3.33 1.52 2.15
Mangapai A54821 2.98 4.41 4.42
Tauraroa 548310 2.42 1.40 1.87 2.92
Monymusk 549010 2.73 0 1.21 1.46
Arapohue A63091 5.51 1.45 2.00 1.27
Waihoihoi 640411 0 2.84 1.53 1.33
Waipu A64051 3.63 2.15 1.29 2.21
Paparoa A64123 3.48 1.78
Pukehau A64221 4.19 2.92 1.24 0
Topuni A64241 2.68 0 0 0
Key

Blank space = missing rainfall data
0 = no drought detected
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APPENDIX [
DROUGHT FREQUENCY PLOTS

Drought frequency plots for selected rainfall stations

(a) Cape Reinga (NIWA A42461)
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(c) Kaitaia (NTWA A53121)
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(f) Onerahi (NJTWA A54733)
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(i) Waimatenui (NTWA AS53672)
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(k) Manganui (NRC 549310)
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(1) Maungataroto (NIWA A64132)
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(0) Waipoua (NTWA A53651)
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(p) Ruawai (NIWA A64101)
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APPENDIX ¥

DOCUMENTATION OF REGIONALLY SEVERE
DROUGHTS

The 1914-15, 1982-83, 1986-87, 1990-91 and 1991-92 droughts have been described in
relation to their severity patterns in Chapter Four. The severity pattemns of regional droughts
not described in Chapter Four are briefly documented in this appendix. All drought
severities mentioned below refer to the regionally averaged drought index severities. The
Southern Oscillation Index (SOI) value given corresponds to the annual average sea level
pressure difference between Tahiti and Darwin for the first drought year specified. The
annual SOI averages (January to December) were calculated from the monthly sea level

pressure differences.
1907-1908 DROUGHT

Only three rainfall stations had records long enough to calculate this drought, Mangonui,
Puhipuhi and Kaitaia. However, because these stations are not located close to each other, it
is considered that this drought would have been regional in nature. It had a regional severity
of 1.7 and a regional return period of around four years, and was not particularly severe in
Northland, but was more severe at northern stations. This drought was evidently quite
severe throughout most of New Zealand, inducing many bush fires (Bondy 1950). Itis
associated with the occurrence of a weak ENSO event (SOI = -4.3).

1913-1914 DROUGHT

Only three rainfall stations had record lengths long enough to calculate this drought. Ithada
regional severity of around 2.0 and a regional return period of around six years. It was most
severe at Puhipuhi with a severity of 3.2. This drought is associated with the beginning of
one of the worst ENSO events this century (SOI = -8.8).

1918-1919 DROUGHT

Seven rainfall stations had record lengths that were long enough to calculate this drought. It
was a relatively severe drought, the third most severe regional drought in 95 years of record,
and was detected at six out of the seven stations, with severities between 3.0 and 4.0. It
was not detected at Waimatenui which is a high altitude station. This was a high magnitude-

short duration event, associated with the occurrence of a medium ENSO event (SOI = -6.6).




214

1919-1920 DROUGHT

Eight rainfall stations had records long enough to calculate this drought and it was detected at
six out of the eight stations, not being detected at the two high altitude stations, Waimatenui
and Puhipuhi. It was the fifth most severe regional drought to occur on record and was
severe around Whangarei and southern Northland with severities averaging around 5.0. It
was less severe on the east coast of northern Northland. Severities ranged from 1.6 at
Kawakawa to 5.8 at Mangawhai. It was a low magnitude, long duration event, associated
with the end of an ENSO event (SOI = -7.6).

1924-1925 DROUGHT

10 rainfall stations had records long enough to calculate this drought, and a drought was
detected at 9 out of the 10 stations. This drought was severe throughout the region where no
| particular spatial patterns in severity could be ascertained. Drought severities ranged from

1.3 at Kaitaia to 4.5 at Mangonui.

! 1925-1926 DROUGHT

10 rainfall stations had records long enough to calculate this drought and a drought was
detected at all of these stations. It was not a particularly severe drought (averaging around
1.7) and severities were relatively uniform throughout the region. Severities ranged from
1.0 at Russell to 2.6 at Mangonui. This drought is associated with the occurrence of a
medium ENSO event (SOI = -6.7).

1927-1928 DROUGHT

10 rainfall stations had records long enough to calculate this drought and it was detected at
all of these stations. Drought severity appeared to be relatively uniform over Northland
ranging from 1.6 at Puhipuhi to 3.3 at Dargaville. This drought is associated with the
occurrence of a weak ENSO event (SOI = -1.3).

1928-1929 DROUGHT

11 rainfall stations had record lengths long enough to calculate this drought. This drought
was detected at all of these stations. It was a low severity drought that appeared regionally
uniform in severity. Severities ranged from 1.2 at Waipoua to 2.5 at Russell. This drought
is associated with the occurrence of a weak ENSO event (SOI = -2.8).

1930-1931 DROUGHT

11 rainfall stations had record lengths long enough to calculate this drought and a drought
was detected at all of these stations. It was severe at east coast stations in mid-Northland,

for example Russell and Kawakawa, and was least severe at west coast stations. Severity

I_
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ranged from 1.1 at Waipoua to 4.3 at Russell. This drought event is associated with the
occurrence of a severe ENSO event (SOI=-10.9).

1932-1933 DROUGHT

11 rainfall stations had rainfall records long enough to calculate this drought and a drought
was detected at 9 out of the 11 stations. It was not detected on the two higher altitude
stations. It was a fairly uniform drought, being relatively severe at most stations. Severities
ranged between 1.5 at Mangawhai and 3.9 at Wairua.

1941-1942 DROUGHT

13 rainfall stations had rainfall records long enough to calculate this drought and a drought
was detected at 12 out of the 12 stations. It was a low severity drought at most locations,
except around Mangawhai and on the east coast between Kawakawa and Mangonui. At
these locations it was more severe. Drought severity ranged from 1.1 at Wairua to 4.1 at
Kawakawa. The regionally averaged drought severity was 1.8. This drought is associated
with the occurrence of a severe ENSO event (SOI = -14.6).

1942-1943 DROUGHT

13 rainfall stations had rainfall records long enough to calculate this drought and the drought
was detected at 12 of those 13 stations. The station where this drought was not detected was
Cape Reinga. It was most severe in northern locations (except Cape Reinga), and least
severe on the west coast. Drought severity ranged from 1.0 at Waipoua to 2.4 at Mangonui.

1945-1946 DROUGHT

13 rainfall stations had rainfall records long enough to calculate this drought and it was
detected at all of these stations. This drought was the sixth most severe regional drought to
occur in 93 years and was a high magnitude-short duration event. It was most severe at east
coast stations and least severe at northern peninsula and west coast stations such as
Dargaville and Waipoua. Severities ranged from 2.3 at Dargaville to 4.8 at Mangawhai.
This drought is associated with the beginning of a ENSO event.

1946-1947 DROUGHT

13 rainfall stations had rainfall records long enough to calculate this drought and it was
detected at 10 of these stations. It was not detected at Cape Reinga or the southern west
coast stations such as Dargaville and Ruawai. It was a low, fairly uniform severity drought

with severities ranging from 1.2 at Puhipuhi to 2.2 at Mangonui. This drought is associated
with the occurrence of a medium ENSO event (SOI = -7.9).
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1949-1950 DROUGHT

14 rainfall stations had rainfall records long enough to calculate this drought, and the
drought was detected at all of these stations. This was the fourth most severe regional
drought in 93 years and was the fifth in a succession of droughts that occurred throughout
the 1940’s. It was a particularly high magnitude event with a relatively short duration. It
was most severe on east coast stations and some inland areas such as Pipiwai and Kaikohe.
It was least severe on the west coast around Dargaville and Waipoua. Severities ranged

from 1.9 at Waipoua to 5.0 at Russell.
1953-1954 DROUGHT

18 rainfall stations had records long enough to calculate this drought and it was detected at
14 of the 18 stations, not being detected at higher altitude stations or southern east coast
stations. It was a low magnitude and short duration event but was more severe on the west
coast around Waipoua and Dargaville. Severities ranged from 1.3 at Russell to 3.0 at
Dargaville. This drought event is associated with the occurrence of a medium ENSO event

(SOI = -8.0).

1961-1962 DROUGHT

18 rainfall stations had long enough records to calculate this drought and it was detected at
13 of the 18 stations, not being detected at higher altitude stations or inland around Kaikohe
and Pipiwai. It was most severe at northern peninsula stations and least severe in southern
areas on the west coast and around Russell-Kawakawa. Drought severities ranged from 1.0

at Ruawai to 3.1 at Cape Reinga.

1963-1964 DROUGHT

19 rainfall stations had records long enough to calculate this drought and it was detected at
16 of the 19 stations. It was not detected at Cape Reinga, Mangawhai or Waimatenui. It
was quite severe at inland and west coast areas and less severe on the east coast. Drought
severities ranged from 1.5 at Kawakawa, to 3.2 at Ruawai. This drought is associated with
the occurrence of a weak ENSO event (SOI = -4.5).

1967-1968 DROUGHT

All 20 of the core rainfall stations had record lengths long enough to calculate this drought.
This drought was detected at 18 of the 20 stations, not being detected for two southern
Northland stations Ruawai and Maungataroto. Severities were higher for inland and high
altitude stations, but in general, the drought severities were fairly uniform across the region
and it was a low order drought for most locations. Severities ranged from 1.0 at Manganui,
to 3.6 at Kaitaia.

_
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1969-1970 DROUGHT

This drought was not a localised drought but was not regional in nature either. It was
caused by anomalous meteorological patterns over New Zealand and it is known that this
drought was particularly severe throughout other parts of New Zealand (Hill 1971,
Finklestein 1971). This drought is associated with the end of an ENSO event (SOI = -6.6).

For Northland, this drought was a low severity drought that was only detected at 13 out of
20 rainfall stations. It was not picked up at southern Northland areas, south of Whangarei
or at west coast locations. It was most severe at high altitude stations, such as Puhipuhi,
Waimatenui and Taus Falls and inland areas. The severity of this drought had a distinct

spatial pattemn.

1972-1973 DROUGHT

This drought was detected at all 20 rainfall stations except for Waimatenui, and was a
moderately severe drought. The drought was most severe on the east coast averaging
around 3.0 and particularly severe at Puhipuhi where the severity was 6.5. It was less
severe around inland and west coast stations particularly those located south of Whangarei,
averaging around 2.0. Drought severities ranged from 1.3 at Taus Falls to 6.5 at Puhipuhi.
This drought was associated with the occurrence of a medium ENSO event (SOI = -8.167).

1973-1974 DROUGHT

This drought was detected at all the core rainfall stations except Onerahi. It was a
moderately severe drought with severities ranging from 1.3 at Wairua to 3.9 at Waiharara.
The drought was most severe for northem east coast and northern peninsula stations. It was
also quite severe for west coast stations. It appeared to be least severe around Whangarei
and inland of Whangarei.

1977-1978 DROUGHT

This drought was detected at 16 out of 20 rainfall stations. It was not detected at northern
east coast stations from Kawakawa to Kaitaia. It was quite a severe drought particularly at
inland and high altitude stations. It was least severe from Waipoua to Dargaville. Drought

severity ranged from 1.0 at Waipoua to 4.0 at Taus Falls. This drought is associated with
the occurrence of a severe ENSO event (SOI = -11.3).
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APPENDIX G

PROPERTIES OF THE ALLSTATIONS TIME
SERIES

All the following statistical analysis was undertaken on Minitab on the Vax computer at
Waikato University. The unsmoothed, unaltered annual rainfall time series from allstations

was used.
1. NORMALITY -

The standard test for calculating normality is by using normal scores. If the sample is from a
normal distribution the points will roughly fall on a straight line. The straightness of the plot
can be measured by the correlation coefficient. Bray and Lai (1987) state that a very
powerful test for normality, which is essentially equivalent to the Shapiro-Wilks test, can be
based on this correlation. If the correlation coefficient falls below the appropriate value in
the table provided in their text, the hypothesis of normality if rejected at a particular

significance level.

Normal scores were calculated for the allstations time series and a normal probability plot

constructed. According to the methodology stated above, the hypothesis of normality is not
rejected for the allstations time series at & = 0.01 (given a correlation of 0.977).

2. AUTOCORRELATION

Autocorrelation refers to the correlation of data series with the same series shifted by some
interval and, hence, is a measure of the persistence in the time series. The correlogram is the
graph of the serial correlations as ordinates plotted against the values of the relevant lags as
abisscae (O’Mahoney 1961). If a time series is random the correlogram presents no
systematic appearance. If it consists of a simple harmonic the correlogram reproduces that
harmonic (Kendall 1944). The correlogram thus provides a criterion for distinguishing
between various kinds of oscillatory series. The correlogram will show a period equal,
within limits of error, to that of the fundamental period of the system (Kendall 1944). The

period can be determined from upcross to upcross

Raudkivi (1979) gives a simple approximation for the confidence limits on the
autocorrelation coefficient (r) as X 2/sqrt n (at the 0.05 significance level). If the computed
value of r lies outside these limits it is considered significantly different than zero indicating

persistence in the data.

Autocorrelations in the form of a correlogram were computed for the unmodified annual time

series from allstations (Figure G1). A maximum lag of 20 years was specified. Under

—
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Raudkivi’s (1979) criterion, r has to lie outside the range +/-0.24 before persistence in the
data is significant.
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Figure G1 Correlogram for allstations annual rainfall time series

The autocorrelograms of the annual and seasonal rainfall time series show very little serial
correlation at low time lags, indicating minimal 1st or 2nd order persistence in annual rainfall

totals.

However, a fairly distinct 10-year periodicity can be seen in the correlogram, which could
indicate that there is such a cycle in the annual rainfall time series. 1= 0.295 at 10-years,
which is significantly different from zero at & = 0.05, which indicates that rainfall totals at

time=0 may be related (statistically) to annual rainfall totals that occurred 10 years prior.

3. RUNS TEST

A well known non-parametric test of homogeneity of data series, is the runs test (Thom
1966). This test is made by counting the number of runs (u) above and below the median or
middle value of a natural ordered series. Too many runs is an indication of an oscillation,

while too few runs would be an indication of a trend or shift in the median (Thom 1966).

The results of the runs test for the allstations annual rainfall time series using the median

(1554) as the middle value is as follows:

| The observed number of runs = 34
‘ The expected number of runs = 36
The null hypothesis of no runs can not be rejected at ¢ = 0.05.

l--—_
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4.0 LINEAR TRENDS

Linear regression analysis of a variable vs time is useful for delineating linear trends in time
series. The results of a linear regression analysis of the annual rainfall time series from
allstations as the dependent variable (Y) and time as the independent variable (X) are given

below.

Linear regression equation: Rainfall = 1625 - 1.04 Time.
2=0.7% not significant atc = 0.05 level

r=0.26

There is a slight negative linear relationship of annual rainfall with time, however, the r2
value of 0.7 is not significantly different from zero at & = 0.05.
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APPENDIX H

SUMMARY OF NORTHLAND RIVER
CATCHMENT CHARACTERISTICS

The following provides a brief summary of applicable information about the river catchments
used in Chapter Six.

EAST COAST DRAINING RIVERS

i. Waitangi River

The Waitangi River drains a total catchment area of approximately 308 km2 and is situated
south east of the Bay of Islands. The discharge data used is from station 3722, a NIWA
flow recorder station, situated in the lower reaches of the river, with a catchment area behind
it of 302 km2. It is one of the New Zealand representative catchments. The following
description of the catchment is largely taken from a report written by the Northland
Catchment Commission (NCC) in 1987 entitled The Water Resources of the Waitangi
Catchment, and pertains to the catchment area behind station 3722, of 302 km2.

Topography: Low rolling hills, with the upper reaches of the catchment reaching 200-400
m in height.
Geology: Mixed sedimentary-volcanic geology. Approximately 1/3 of the surficial

geology of the catchment is volcanic rocks, a third is greywacke and a third
is alluvium and other sedimentary rocks. The lower catchment consists of
predominantly Waipapa Group greywacke, which forms the basement
geology for most of the catchment. The middle of the catchment consists of
greywacke, limestones, sandstones and flood plain -surficial deposits. The
upper catchment consists of mainly welded volcanic rocks with pockets of
scoria, and also argillite.

Soil Predominantly yellow brown earths, which are moderately to strongly
leached or podzolised formed on sedimentary rocks. Podzolised yellow
brown earths have formed on areas of steep land are subject to gully
erosion. Red and brown loams have formed on volcanic rocks. Alluvial-
recent soils have developed on the floodplains which occupy approximately
4% of the catchment.

Vegetation Predominantly pastoral, covering approximately three quarters of the
catchment. The rest of the catchment consists of scrubland (manuka,
kanuka, gorse) and a very small area of native forest.

—
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Climate Annual mean rainfall totals range between 1600-2000 mm dependent on
location within the catchment.
ii. Awanui River

The Awanui River drains a total catchment area of approximately 260 km2. It is located in
northern Nothland, bounded by the Mangamukas. The discharge data used is from station
1316, a NTWA water level recorder station, situated in the lower reaches of the river, with a
catchment area behind it of 222 km?2- It is one of the New Zealand representative
catchments. The following information pertains to the catchment area behind station 1316,
of 222 km?

Topography ~ Mainly rolling - steep in upper catchment

Geology Mixed geology, although is predominantly (around 70-80%) sedimentary in
nature. Approximately 50% of the catchment is made up of mid-tertiary
aged sandstone which is moderately to widely fractured, interbedded with
mudstone. Approximately 20% of the catchment consists of limestone
rocks, around Kaitaia and further south. Around 20% of the catchment is of
volcanic origin, predominantly the upper reaches of the catchment, aged at
around 65-200 million years old. A considerable amount of recently
deposited alluvium is found alongside the Awanui river, forming the

Awanui plains and swampland.

7]
Q

The predominant group of soils found is the yellow-brown earths which

|

cover the rolling hills and undulating terraces. Brown granular loams are
found on the upper reaches of the catchment on basalt geology.

Vegetation Predominantly pastoral, with approximately 15% of the catchment in
wildlands, forest and scrub. A small portion of the catchment is urban
(Kaitaia township).

Rainfall Annual mean rainfall ranges between 1300 mm for parts of the lower
catchment to 1900 mm for the upper catchment.

iii. Mangaparerua River

The Mangaparerua River is a small river that joins with the Kerikeri River discharging on the
east coast into the Kerikeri Inlet. The discharge data used is from station 3506, a NIWA
water level recorder station, situated in the mid-reaches of the river, with a catchment area
behind it of 11.1 km2. This is one of the New Zealand representative catchments. The
following description of the catchment is largely taken from a report written by the NCC in
1979, entitled Kerikeri Inlet Catchments, and pertains to the catchment area behind station
3506 of 11.1 km2.

|——_—
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Topography  An easy rolling dissected plateau, with approximately 95% of the land
between 100-300 m and no land rising above 400 m.

Geology Just about all of this catchment consists of rocks of volcanic origin. 90% of
the volcanics is Horeke Basalts and the remaining 10% Parahaki Volcanics
(thyolite). The basement rock is sedimentary greywacke (Waipapa Group).

Soils Largely volcanic soils, red brown loams with brown granular clays. There
is a small pocket of non-volcanic soils, namely yellow brown earths to the
extreme north east of the catchment, which are weak to moderately

podzolised.

Vegetation The predominant vegetation is pastoral exotic grasses with some pockets of
scrub and pasture and second growth forest.

Rainfall The mean annual rainfall for this catchment is around 1950 mm, ranging
between 1800-2100 mm.

iv. Ngunguru River

The Ngunguru River is a small river draining to the east coast, above Whangarei. The
discharge data used is from station 4901, a NIWA water level recorder station, situated in
the mid reaches of the river, with a catchment area behind it of 12.5 km2. It is one of the
New Zealand representative catchments. The following description of the catchment pertains
to the catchment area behind station 4901 of 12.5 km?2.

Topography  The Ngunguru basin is characterised by mainly rolling country with rocky
gorges. The altitudinal range is 152-312 m.

Geology Dissected and fissured greywacke and argillite with chert
Soils Northemn yellow-brown earths from greywacke

Vegetation Predominantly native forest with second growth forest. The rest is exotic
grasses-pasture.

Rainfall The average annual precipitation is approximately 1870 mm, ranging
between 1700 to 2200.
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WEST COAST DRAINING RIVERS

V. Mangakahia River

The Mangakahia River drains a total catchment area of approximately 800 km?2 of central
Northland, before its confluence with the Northern Wairoa River which then discharges into
the Kaipara Harbour. The discharge data used is from station 46618, a NIWA water level
recorder station, situated in the upper reaches of the river with a catchment area behind it of
741 km2. Itis one of the New Zealand representative catchments. The following

description of the catchment is largely taken from the Department of Lands and Survey
Maps, NZMS P06/07, detailing the geology, soil types and landuse of the Mangakahia-

Dargaville area, and pertains to the catchment area behind station 46618 of 246 km?

Topography  Relatively steep rising to 700 m in height, characterised by waterfalls,
gorges and sharp ridges similar to most typical, steep, headwater
catchments. There are relatively few areas of alluvial deposits. 80% of the
catchment would be between 300-700 m high.

Geology Comprises of a mixture of volcanic and sedimentary geology. Volcanic
rocks form approximately 75% of this part of the catchment. The two main
types of volcanic rock present are the Tangihua Volcanics and the Waipoua
Basalts. The Tangihua Volcanics are the oldest rocks that occur in
Northland and form all the prominent hills and ranges in the catchment.
They are closely to widely fractured and fissured. The Waipoua Basalts are
found in the northwest of the catchment forming the Tutumoe Plateau and
are deeply weathered rocks. The sedimentary rocks include tertiary
mudstone, claystone, sandstone, crushed argillite. They are mostly found

on the more rolling flatter land.

Soils The brown granular loams are found on geology of volcanic origin. Yellow
brown earths are found on the sedimentary rocks, and are weakly to
strongly leached dependant on vegetation and slope. Recent soils are found
on the floodplains. ‘

Vegetation Predominantly rough pasture on the less steep land surrounding the river of
around 200-400 m high. The headwaters are bushed in native and exotic
forestry (approx 30%) and scrubland-manuka is found on those areas
inhabitable for much else.

Rainfall The mean annual rainfall is around 2000 mm, although ranges from 1500
mm in the lowlands to 2800 mm in the upper reaches of the catchment.

_
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vi. Wairua River

The Wairua River drains a total catchment area of approximately 700 km?2 of central
Northland, with its headwaters a few kilometres inland of the east coast before it joins with
the Mangakahia River and becomes the Northern Wairoa River. The discharge data used is
from station 46644, a NRC water level recorder station, situated in the lower reaches of the
river, with a catchment area behind it of 544 km2. The following description of the
catchment is largely taken from a report written by the NRC in 1989 entitled The Water
Resources of the Wairua River Catchment and pertains to the catchment area behind station
46644, of 544 km2. -

Topography  The Wairua River catchment is uplifted to the north and east, in its upper
reaches, giving rise to steep hills in this area, where the highest point is
around 462 m at Puhipuhi. Low lying areas between 100-200 m account for
approximately half of the catchment area.

Geology The upper reaches of the catchment consists mainly of greywacke and
argillite which make up approximately a third of the catchment. There are
also pockets of welded volcanic rocks in the upper parts of the catchment. A
large part of the middle catchment consists of recent alluvium and peat
around the Hikurangi Swamp area, and argillite in the northern part of the
catchment. There are more volcanic rocks, largely basalts, in the lower part
of the catchment, associated with volcanic cones.

Soil The main soil types are recent soils and yellow brown earths. Red brown
loams, brown granular loams have formed on the volcanic rocks.

Vegetation The dominant vegetation is pasture, with pockets of intensive horticulture.
However, there is also small areas in exotic and native forestry in the
headwaters of this catchment. Substantial areas of scrub, manuka and gorse
also exist, in the upper reaches of the catchment.

Rainfall The mean annual rainfall is around 1900 mm ranging between 1400 mm in
lower topography areas and 2500 mm in the eastern ranges forming the
eastern boundary of the catchment.

vii. Mangamuka River

The Mangamuka River drains a forested catchment, with its headwaters inland of the
Mangataniwha Range, draining into the Hokianga Harbour. The discharge data used is from
station 48015, a NIWA water level recorder station, situated in the lower reaches of the
river, with a catchment area behind it of 23.3 km2. The following description of the
catchment is largely taken from the Department of Lands and Survey Maps, NZMS 004/05

—
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detailing detailing the geology, soil types and landuse of the Kaitaia-Rawene area, and
pertains to the catchment area behind station 48015, of 23.3 km?2.

Topography  Very steep

Geology The catchment is predominantly volcanic in nature comprising very hard
basalt and dolerite, that is closely to moderately fractured, approximately 60-
200 million years old. There are also isolated blocks of sandstone,
mudstone and limestone of mid-early tertiary age (20-45 million years old).

Soils Made up almost entirely of steepland volcanic soils, that are weakly to
strongly leached. There is a narrow strand of recent soils formed on

alluvium by the river.

Vegetation The catchment is just about entirely forested. Most of the forest is
indigenous forming the Raetea State Forest. Exotic forestry is found on the
steep slopes in the northern half of the catchment. There is also a small
percentage of scrubland.

Rainfall This catchment is characterised by high mean annual rainfalls, due to its
location and steep topography. Mean annual rainfall is approximately 2400

mm.
viii. Manganui River

The Manganui River drains a catchment area south of Whangarei before its confluence with
the Northern Wairoa River which then discharges into the Kaipara Harbour. The discharge
data used is from station 46651, a NIWA water level recorder station, situated in the middle
reaches of the river, with a catchment area behind it of 411 km?2. The following description
of the catchment is largely taken from the Department of Lands and Survey Maps, NZMS
P06/07 and Q08/09 detailing the geology, soil types and landuse of the Mangakahia-
Dargaville and Maungataroto-Kaipara areas respectively, and pertains to the catchment area
behind station 48015, of 411 km?2

Topography  Rolling to hilly topography - flat areas beside river. Most areas below 250
m in height.

Geology A sedimentary catchment, with 80-90% of the rocks being fined grained
micaceous sandstones with interbedded mudstone that is finely to
moderately fractured. There are also small pockets of closely fractured
muddy limestone and closely fractured and thinly bedded mudstone. Very
low yields of water are associated with this geology. Alluvium forms the

river plain deposits.
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Landuse

Rainfall

227

Predominantly yellow brown earths with deep clay profiles, that are weakly
to moderately leached forming the soils of the rolling hilly land. Recent
soils have formed on the alluvial river terraces and floodplains.

Predominantly pastoral, undeveloped or scrub. There are small pockets of
shrubland and forest.

Mean annual rainfall generally lower than the above catchments, averaging

around 1250 mm.
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APPENDIX I

NORTHLAND REGIONAL COUNCIL RESPONSE

TO DROUGHTS

REPORT ON REVISED PROCEDURES FOR COUNCIL RESPONSE TO

DROUGHT AFFECTED WATER SUPPLIES

Memorandum from Environmental Manager dated 21 June 1991.

1

3.1

4.1

INTRODUCTION

At its meeting on 5 February the committee received a report and Draft Policy on
Procedures for Council response to droughts affecting water supplies.

It resolved to receive the report, and after discussion on early warning and publicity
aspects of droughts, requested modifications to the draft drought response

procedure.

POLICY ON DROUGHT RESPONSE - SECOND DRAFT

The attached second draft of the proposed drought response plan differs from the

first in the following areas:
- greater emphasis on Regional Councils on data collection network.

- greater emphasis on publicity and early wamning of potential drought

problems.

SCENARIO

The most likely scenario is one in which monitoring stream flows and rainfall
records indicates progressively a trend towards shortages. At a certain stage
complaints will begin about streams or bores running dry as a result of drought and

probably concerns about "overuse’ by other upstream users.

ACTION AND PROCEDURES

As monitoring reports come to hand indicating possible serious water shortages in
parts of or over the whole region, contact will be initiated with the media warning
of the need for water conservation measures. Checks on storage in water reserves

and possibly location of supplementary supplies, especially where shortages have

restricted water use activities in the past, will be encouraged.
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REPORT ON REVISED PROCEDURES FOR _COUNCIL RESPONSE TO
DROUGHT AFFECTED WATER SUPPLIES Continued

4.2 If and when in due course serious drought conditions begin to take effect and/or
complaints are received, on-site checks are to be made to confirm the cause of
shortage to be drought related and whether other competing users are complying
with their water rights. All unauthorised users are to be stopped and,;

4.3 If all upstream rights are being complied with and there is still inadequate water at
the site THEN:

4.4 Rapidly extend the investigation to adjoining catchments until the boundary of the
affected area has been determined. Notify the Regional Councillor for that

constituency
4.5 Then identify name and address of every water user in that area and;
4.6 Call a meeting of all water users in that area including the relevant constituency

Regional Councillor for the purpose of:
(a) explaining the problems and;
(b) promoting water saving measures

(c) preparing an action plan with their co-operation
4.7 . The ACTION PLAN will generally include:
(a) suspending unnecessary uses
(b) A programme for progressive (10%) reductions for all users
(c) A grouping of users, usually into three, to prepare for sharing of pump hours

(d) Appointing a Council nominee for each catchment who has the respect and
confidence of the local community and who will assist with the policing of the

restrictions

(Note: A water shortage could result from failure of an existing public water
supply system. In this event, and unless this Council is called for assistance, the

initiative should be left with the district council).

5————#
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REPORT ON REVISED PROCEDURES FOR COUNCIL RESPONSE TO
DROUGHT AFFECTED WATER SUPPLIES Continued

4.8 After the Meeting:
(a) contact the media for assistance with dissemination of information

(b) send formal letters to each person affected ORDERING the necessary

restricted/or suspension of use, and;
(c) stating the date on which the situation will be reviewed - not more than 14
days from date of letter.
4.9 Continue to liaise with -  Council nominee
- General Manager
- Regional Councillor

- Hydrologist

to keep up with compliance with ORDER and success of restrictions and progress

of drought.
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APPENDIX J
QUESTIONNAIRE

Introduction

The term drought, as used in this questionnaire, refers to a severe precipitation deficiency
where monthly rainfall is considerably lower than what is typically experienced. Examples
include the 1982-83, 1986-87, 1990-91 and 1991-92 droughts. Such a definition
distinguishes “drought” from the expected dry spells expericncc:,d in Northland due to the
seasonal climate.

Please complete this questionnaire and send back to me in the enclosed addressed envelope:

Questions

1. What type of farming have you been most associated with? (dairying, beef, sheep,
other)

------------------------------------------------------------------------------------------------------

2.  What are the predominant impacts of drought on agriculture in Northland? (dairying,
beef, sheep).

......................................................................................................
------------------------------------------------------------------------------------------------------
......................................................................................................
......................................................................................................

------------------------------------------------------------------------------------------------------

......................................................................................................

......................................................................................................

......................................................................................................
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How do recent droughts in Northland (eg. 1990-91, 1991-92) compare to historical
droughts (eg. those in the 1960’s and 1970’s)? In your opinion are droughts

becoming more or less frequent or severe?

......................................................................................................

Which is the most severe drought in Northland, in terms of agricultural impacts that
you can remember? Why? Please specify how many years you have lived in
Northland. -

------------------------------------------------------------------------------------------------------

How do you perceive the impacts of drought in comparison with other hazards? (such
as flooding, frosts, cyclones). Do droughts yield greater or lesser impacts on
agriculture?

------------------------------------------------------------------------------------------------------

Do you believe that a climate change (in the form of global warming) is occurring or
will occur? Why or why not?

....................................................................................................
------------------------------------------------------------------------------------------------------

.....................................................................................................

If a global warming is occurring do you think that it is affecting the frequency and
severity of drought in Northland?

......................................................................................................

In your opinion, have the majority farmers in Northland in the past taken measures to
adapt to drought? (for example: drought resistant grasses, alteration of farm
management practices, pasture irrigation). Or have they, for the most part, simply
accepted the impacts of drought.

......................................................................................................

If farmers have taken measures to alleviate the impacts of drought, what type of

measures in the past have been favoured?

......................................................................................................

------------------------------------------------------------------------------------------------------

......................................................................................................
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11.
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Of late, dairy farmers in Northland have shown an interest in pasture irrigation, in
order to increase their production during summer and autumn months. What are your
thoughts on this scheme in terms of minimising the impacts of drought? Is this a good
way of planning for drought?

------------------------------------------------------------------------------------------------------

......................................................................................................

Should local, regional and national government be adopting a more pro-active
approach to drought planning and water resource management in terms of the design
of drought contingency plans?

------------------------------------------------------------------------------------------------------
......................................................................................................

------------------------------------------------------------------------------------------------------

Is present water resource management in Northland during drought events adequate (in
terms of maintaining water quality, abstractions and residual flow)?

------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

Would you, as a farmer or someone closely associated with farming, be interested in
some sort of drought prediction bulletin that could assist in the risk management of
climate-sensitive agricultural activities? For example, a bulletin that provides broad
indications of likely climate trends over Northland for the ensuing season orona
monthly time scale. Why or why not?

---------------------------------

If you are interested in the above, who do you think should provide this service?
Why? Should this service cost those who use it?
(a) Regional Government

----------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------
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12. Is there a need for a better database, in terms of hydrological, agricultural
meteorological data? Why? Who should be responsible for gathering and evaluating
and disseminating this data?

------------------------------------------------------------------------------------------------------

13. Other Comments?

------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

If you have any other information that might be of help to this study, please include it.

* % ¥ k¥ ¥ ¥




235

REFERENCES

Allan, R.J., 1988: El Nifio-Southern Oscillation, Influences in the Australasian Region. Progress in
Physical Geography, 12(3), 313-348.

Alley, W.M., 1985: The Palmer Drought Severity Index as a Measure of Hydrologic Drought. Water
Resources Bulletin, 21(1), 105-114.

Ananthakchrishnan, R., and B. Parthasarathy, 1984: Indian Rainfall in Relation to the Sunspot Cycle (1871-
1978). Joumnal of Climatology, 4,149-169.

Angell, J.K., 1986: On a Variation In Period and Amplitude of the Quasi-Biennial Oscillation in the
Equatorial Stratosphere, 1951-1985. Monthly Weather Review, 114, 2272-2278.

Angell, J.K., 1992a: Evidence of a Relation Between El Nino and QBO and for n El Nifio in 1991-92.
Geophysical Research Letters, 19 (3), 285-288.

Angell, J.K., 1992b: Relation Between 300-mb North Polar Vortex and Equatorial SST, QBO, and Sunspot
Number and the Record Contraction of the Vortex in 1988-1989. Journal of Climate, 5,

22-29.

Baldwin, M.P., and T.J. Dunkerton, 1989: Observations and Statistical Simulations of a Proposed Solar
Cycle/QBO/Weather relationship. Geophysical Research Letters, 16(8), 863-866.

Baliunas, S., R. Jastrow, 1990: Evidence for Long-Term Brightness Changes of Solar-Type Stars. Nature
348, 520-522.

Ballance, P.F., and P.W. Williams, 1985: The Geomorphology of Auckland and Northland in Landforms of
New Zealand. Eds., JM. Soons, & M.J. Selby, M.J., Longman-Paul, Hong Kong.

Bardsley, W.E.B., 1989: Graphical Estimation of Extreme Value Prediction Functions. Journal Of
Hydrology, 110, 315-321.

Bardsley, W.E.B., 1993a: 72.341 Lecture Notes. Waikato University {unpubl.), Hamilton.

Bardsley, W.E.B., 1993b: Background to Hydrobuilder. Water Research Unit, Miscellaneous Publication
No. 1, Waikato University.

Baron, B.C., D.H. Pilgrim, and I. Cordery, 1980: Hydrological Relationships Between Small and Large
Catchments. Australian Government Publishing Service, Canberra.

Bates, J.R., 1977: Dynamics of Stationary Ultra-Long Waves in Middle Latitudes. Quarterly Journal of the
Rovyal Meteorological Society, 103, 397-430.




236

Benson, M.A., 1962: Plotting Positions and Economics of Engineering Planning. Journal of Hydraulics
Division, ASCE 88, 57-65.

Ben-Zvi, A., 1987: Indices of Hydrological Drought in Israel. Journal of Hydrology, 92, 179-191.

Beran, M.A., and J.A. Rodier, 1985: Hydrological Aspects of Droughts. Unesco-WMO, United Nations,

Paris.

Berndtsson, R., (1987) Spatial and temporal variability of rainfall and potential evaporation in Tunisia.
International Association of Hydrological Sciences, Publication No. 168, 91-100.

Bondy, F., 1950: Droughts in New Zealand. New Zealand Joumnal of Science and Technology, 32b (2), 1-
10.

Brai, T., and C. Lai, 1987: Minitab Reference Manual. Massey University Computer Centre, Palmerston
North.

Brenstrum, E., 1991: Northland’s Summer That Wasn’t. New Zealand Geographic, 112-113.

Brenstrum, E., 1992: Summer Weather - Maybe. EnviroNZ, Jan-Feb, 10-11.

Brier, G.W., 1978: The Quasi-Biennial Oscillation and Feedback processes in the Atmosphere-Ocean Earth
System. Monthly Weather Review, 106, 938-946.

Bucha, V., 1977: Mechanism of Solar Terrestrial Relations and Changes of Atmospheric Circulation.
Studia Geoph. et Geod., 21, 351-360.

Burton, I., R.W. Kates and G.F. White: 1978: The Environment as Hazard. Oxford University Press, New
York.

Campbell, W.H., J.B. Blechman, and R.A. Bryson, 1983: Long-Period Tidal Forcing of Indian Monsoon
Rainfall: An hypothesis. Journal of Climate and Applied Meteorology, 22, 287-296.

Cevolani, G., 1987: Luni-Solar Periodic Components in Precipitation Data. Geophysical Research Letters,
14 (1), 45-48.

Chang, T.J., 1989: Characteristics of Streamflow Drought. New Directions For Surface Water Modelling,
IASH Publication No. 181, 333-341.

Chang, T.J., and J.R. Stenson, 1990: Is It Realistic to Define a 100 Year Drought For Water Management.
Water Resource Bulletin, 26(5), 823-829.

Chang, T.J., and X.A. Kleopa, 1991: A Proposed Method for Drought Monitoring. Water Resources
Bulletin, 27(2), 275-281.




237

Changnon, S.A., 1980: Removing Confusion over Droughts and Floods: The Interface Between Scientists
and Policy Makers. Water International, 3, 10-18.

Changnon, S.A., and W.E. Easterling, 1989: Measuring Drought Impacts - The Illinois Case. Water
Resources Bulletin, 25(1), 27-42.

Chatfield, C., 1980: The Analysis of Time Series - An Introduction. Chapman and Hall, London.

Chen, W.Y., 1982: Assessment of Southern Oscillation Sea Level Pressure Indices. Monthly Weather
Review, 110, 800-807.

Cherry, N., 1991: Climate Indices and Clutha River Flows. Climate Research Unit, Lincoln University.

Chow, V.T., (ed.), 1964: Handbook of Applied Hydrology. New York, McGraw-Hill.

Chow, V.T., D.R. Maidment, and L.W. Mays, 1988: Applied Hydrology. McGraw-Hill International

Editions, New York.

Christensen, E.F., and K. Lassen, 1991: Length of the Solar Cycle: An Indicator of Solar Activity Closely
Associated with Climate. Science, 254, 698-700.

Chu, P.S., and R W. Katz, 1987: Measures of Predictability with Applications to the Southern Oscillation.
Monthly Weather Review, 115, 1542-1549.

Chu, P.S., 1989: Hawaiian Drought and the Southern Oscillation. International Joumnal of Climatology, 9
(6), 619-631.

Clarke, W.A.V., and P.L. Hosking, 1986: Statistical Methods for Geographers. John Wiley and Sons,
Canada.

Collen, B., 1983: New Zealand Weather. Weather and Climate, 3, 77-80.

Coulter, J.D., 1966: Dry Spells in New Zealand as a Factor in-Plant Ecology. New Zealand Ecological
Society Proceedings, 13, 4-8.

Coulter, J. D., 1973: A Water Balance Assessment Of New Zealand’s Rainfall. Journal of Hydrology,
12(2), 83-91.

Cunnane, C., 1978: Unbiased Plotting Positions - A review. Journal Of Hydrology, 37, 205-222.

Currie, R.G., 1979: Distribution of Solar Cycle Signal in Surface Air Temperature over North America.
Journal of Geophysical Research, 84 (C2), 753-761.

Currie, R.G., 1981: Evidence for 18.6 Year My Signal in Temperature and Drought Conditions in North
America Since AS 1800. Journal of Geophysical Research, 86 (C11), 11055-11064.




238

Currie, R.G., 1983: Detection of 18.6-year Nodal Induced Drought in the Patagonian Andes. Geophysical
Research Letters, 10 (11), 1089-1092.

Currie, R.G. 1984a: Evidence for 18.6-Year Lunar Nodal Drought In Western North America During the
Past Millenium. Journal of Geophysical Research, 89 (D1), 1295-1308.

Currie, R.G., 1984b: On Bistable Phasing of 18.6 year nodal induced flood in India. Geophysical Research
Letters, 11(1), 50-53.

Currie, R.G., 1987a: Examples and Implications of 18.6- and 11-yr Terms in World Weather Records. In
M.R Rampino, J.E. Sanders, W.S. Newmand, and L.K. Konigsson, eds., Climate,
Historv, Periodicity, and Predictability,Van Nostrand Reinhold, New York, 378-401.

Currie, R.G., 1987b: On Bistable Phasing of 18.6-Year Induced Drought and Flood in the Nile Records
Since AD 650. Journal of Climatology, 7,373-389.

Currie, R.G., 1988: Lunar tides and the wealth of nations. New Scientist, 127, 52-55.

Currie, R.G., 1989: Comments on "‘Power Spectra and Coherence of Drought in the Interior Plains by E.O.
Oladipo. International Journal of Climatology, 9, 91-100.

Currie, R.G., 1991a: Deterministic Signals in Tree-Rings From North America. International J ournal of
Climatology, 11, 861-876.

Currie, R.G., 1991b: Deterministic Signals in Tree-rings From Tasmania, New Zealand, and South Affrica.
Annales Geophysicae, 9, 71-81.

Currie, R.G., 1992: Deterministic Signals From Tree rings From Europe. Annales Geophysicae, 10, 241-
253.

Currie, R.G., and R.W. Fairbridge, 1985: Periodic 18.6 Year and Cyclic 11-Year Induced Drought and Flood
in Northeastem China and Some Global Implications. Quaternary Science Reviews, 4(2),

109-134.

Currie, R.G., and S. Hameed 1988: Evidence of Quasi-Biennial Oscillations in a General Circulation Model.

Geophysical Research Letters, 15 (7), 649-652.

Currie, R.G., and D.P. O’Brien, 1988: Periodic 18.6-year and Cyclic 10-11-year Signals in Northeastern
United States Precipitation Data. Journal of Climatology, 8, 255-281.

Currie, R.G., and D.P. O’Brien, 1989: Morphology of Bistable 180° Phase Switches in 18.6-Year Induced
Rainfall Over The North-Eastern United States Of America. International Journal of

Climatology, 9, 501-525.

_



239

Currie, R.G., and D.P. O'Brien, 1990a: Deterministic Signals in Precipitation Records From the American
Comn Belt. International Journal of Climatology, 10, 179-189.

Currie, R.G., and D.P. O’Brien, 1990b: Deterministic Signals in Precipitation Data in the Northwestern
United States. Water Resources Research, 26(7), 1649-1656.

Currie, R.G., and D.P. O’Brien, 1990c: Deterministic Signals in USA Precipitation Records: Part 1.
International Journal of Climatology, 10, 795-818.

Currie, R.G., and D.P. O’'Brien, 1992a: Deterministic Signals in USA Precipitation Records: Part II.
International Journal of Climatology, 12, 281-304.

Currie, R.G., and D.P. O’Brien, 1992b: Deterministic Signals in Oklahoma and Texas Precipitation
Records. Journal of Environmental Science and Health, Part A, 27(3), 803-825.

De Lisle, J.F., 1956: Secular Variations of West Coast Rainfall in New Zealand and Their Relation to
Circulation Changes. New Zealand Journal of Science and Technology, B, 700-715.

De Lisle, J.F., 1957: Fluctuations of Seasonal Pressure Patterns in the Vicinity of New Zealand. New
Zealand Journal of Science and Technology, B, 38, 400-415.

De Lisle, J.F., 1961: A filter analysis of New Zealand Rainfall. New Zealand Journal of Science and

Technology, 4, 296-308.

Department of Statistics, 1992: 1991 Census of Population and Dwellings. Department of Statistics,
Wellington, New Zealand.

Dewan, EM., and R. Shapiro, 1991: Are Sunspot-Weather Correlations Real? Journal of Atmosphere and
Terrestrial Physics, 53 (1-2), 171-174.

Dooge, J.C.I, 1986: Looking for Hydrologic Laws. Water Resources Research, 22 (9), 46S-58S.

Dracup, J.A., K.S. Lee, and E.G. Paulson, 1980a: On the Definition of Droughts. Water Resources
Research, 16 (2), 297-302.

Dracup, J.A., K.S. Lee, and E.G. Paulson, 1980b: On the Statistical Characteristics of Drought Events.
Water Resources Research, 16 (2), 289-296.

Dyer T.G., and P.D. Tyson, 1977: Estimating Above and Below Normal Rainfall Periods over South
Africa, 1972-2000. Journal of Applied Meteorology, 16, 145-147.

Dyer, T.G.J., 1979: Meridional Action Between Rainfall and Surface Pressure. Nature, 264, 48.

Dyer, T.G.J. 1979: Rainfall Along The East Coast of Southern Africa, the Southern Oscillation and the
Latitude of the Subtropical High Pressure Belt. Quarterly Journal of the Royal
Meteorological Society, 105, 445.

TR e e



240

Ebdon, R.A., 1975: The Quasi-Biennial Oscillation and Its Association With Tropospheric Circulation
Patterns. Meteorological Magazine, 104, 282-296.

Fairbridge, R.W., 1987: Sunspots. In R.W. Fairbridge and Oliver eds., The Encyclopedia of
Climatology,Van Nostrand Reinhold Co, New York

Farmer, G., 1988: Seasonal Forecasting of the Kenya Coast Short Rains. Journal of Climatology, 8, 489-
497.

Felch, R.E., 1978: Drought: Characteristics and Assessments. In N.J. Rosenberg ed., North American
Droughts, Westview Press Inc., U.S.A.

Fenemor, A., 1992: Water Resource Management in New Zealand. In: M.P. Mosley, ed., Waters of New
Zealand. New Zealand Hydrological Society, New Zealand, 365-380.

Finkelstein, J., 1971: The 1969-70 Droughts In New Zealand. New Zealand Meteorological Service,
Technical Note 204, Wellington.

Fitzgerald, P.D., 1974: The Estimation of Soil Moisture Deficits By Penman’s and Thomwaite’s Method in
Mid Canterbury. Journal of Hydrology (NZ), 13(1), 32-40.

Fitzgerald, P.D., and G.C. Cossens, 1966: Irrigation Investigations in Otago New Zealand, New Zealand. 1I
- Applicability of Penman’s and Thornwaite’s Methods of Estimating Transpiration Rates to
Determine the Moisture Deficits of Three Central Otago Soils. New Zealand Journal of

Agricultural Research, 9, 985-994.

Foukle, P., and J. Lean, 1990: An Empirical Model of Total Solar Irradiance Variation Between 1874 and
1988. Science, 247, 556-558.

Frick, D.M., D.M. Bode, and J.D. Salas, 1990: Effect of Drought on Urban Water Supplies-1-Drought
Analysis. Journal of Hydraulic Engineering-ASCE, 116(6), 733-753.

Garnier, B.J., 1958: The Climate of New Zealand. W & JMackay and Co. Ltd, Chatham, Great Britain.

Garrick, M., C. Cunnane, and J.E. Nash, 1978: A Criterion of Efficiency for Rainfall-Runoff Models.
Journal of Hydrology, 36, 375-381.

Gibbs, W.J., and J. Maher, 1967: Rainfall Deciles As Drought Indicators. Bulletin No. 48, Bureau of
Meteorology, Melbourne.

Gibbs, W.J., 1975: Drought - Its definition, delineation and effects. In Special Environmental Report No. 5
- Drought. WMO No 403, Geneva, 1-39.

Gibbs, W.J., 1987: A Drought Watch System. World Meteorological Organisation, no 103, pp 23

e e EEEEED_———=———



24

Goldberg, R.A., 1978: Solar-Terrestrial influences on Weather and Climate. In B.M. McCormac and T.A.
Seliga eds., Solar Terrestrial Influences on Weather and Climate. D. Reidal Publishing

Co., U.S.A.

Gordon, N.D., 1985: The Southern Oscillation - A New Zealand Perspective. Journal of the Royal Society
of New Zealand, 15(2), 137-185.

Gordon, N.D., 1986: The Southern Oscillation and New Zealand Weather. Monthly Weather Review,
114(2), 371-387.

Gordon, N.D., T. McMahon, and B.L. Finlayson, 1992: Stream Hydrology - An Introduction for
Ecologists. John Wiley and Sons, England.

Gradwell, M.W., 1971: The Available Water Capacities of North Auckland Soils. New Zealand Journal of

Agricultural Research, 14, 253-257.

Gray. W.M., 1984: Atlantic Seasonal Hurricane Frequency: Part I: El Nifio and 30 mb Quasi-Biennial
Oscillation Influences. Monthly Weather Review, 112, 1649-1668.

Gray, W.M., J.A. Scheaffer, and J.A. Knaff, 1992: Hypothesised Mechanism for Stratospheric QBO
Influence on ENSO Variability. Geophysical Research Letters, 19(2), 107-110.

Griffiths, G.A., 1990: Rainfall Deficits: Distribution of Monthly Runs. Journal of Hydrology, 115, 219-
229,

Grigg, N.S., 1989: Hydrology and Management of Drought in the United States. New Directions for
Surface Water Modelling. TAHS Publication No. 181, 303-311.

Gumbel, E.J., 1958a: Statistical Theory of Floods and Droughts. Journal Institution of Water Engineers,
12 (3),157-185.

Gumbel E.J., 1958b: Statistics of Extremes. Columbia University Press, New York.

Guttman, N.B., 1991: Using Secondary Data Sources. Climate Change, 18, 95-105.

Haan, C.T., 1977: Statistical Methods in Hydrology. Towa State University Press, America.

Hall, J.B., W.N.K. Gwalema, 1985: Drought Indexes and Fire Danger Indexes at Morogoro, Tanzania.
Forest Ecology, 10 (1-2), 125-134.

Holton, J.R., and R.S. Lindzen, 1972: An Updated Theory For the Quasi-Biennial Oscillation. Journal
Atmospheric Science, 29, 1070-1080.

Hameed, S., W.M. Yeh, M.T. Li, R.D. Cess, and W.C. Wang, 1983: An Analysis of pericdicities in the
1470 to 1974 Beijing Precipitation Record. Geophysical Research Letters, 10 (6), 436-439.

—



242

Hare, F.K., 1987: Drought and Desiccation: Twin Hazards of a Variable Climate. In D.A. Wilhite, W.E.
FEasterling and D.A.Wood, eds., Planning For Drought. Westview Press Inc., Colorado.

Hastings, P.A., 1990: Southern Oscillation Influences on Tropical Cyclone Activity in the
Australasian/South-West Pacific Region. International Journal of Climatology, 10, 291-

298.

Hay, R.F., 1952: The Rocks of North Auckland Peninsula Considered as Potential Aquifers. New Zealand
Journal of Science and Technology, 33, 248-257.

Heine, R.W., 1984: How to Keep a Soil Moisture Balance. New Zealand Meteorological Service,
Wellington.

Herbst, P.H., D.B. Bredenkamp and H.M.G. Barker, 1966: A Technique For the Evaluation of Drought from
Rainfall data. Journal of Hydrology, 4 (3), 264-272.

Hill, H.W., 1971: Some Synoptic Aspects of Drought In New Zealand in the Summer 1969-70. Technical
Note 194, N.Z. Meteorological Service, Wellington.

Hines, C.O.,and I. Halevy; 1977: On the Reality and Nature of a Certain Sun-Weather Correlation. Journal
of the Atmospheric Sciences, 34, 382-404.

Hladny, J., and J. Buchtele, 1988: Hydrological Aspects of Extreme Floods and Droughts. In O.
Starosolszky and O.M Melder, eds., Hydrology of Disasters, James & James, London.

Houghton, J.T., B.A. Callander and S.K. Varney, 1992: Climate Change 1992, The Supplementary Report
to the IPCC Scientific Assessment. Cambridge University Press.

Hunt, B.G., 1991: The Simulation and the Prediction of Drought. Vegetatio, 91, 89-103.

Hutchinson, P., 1992: The Southern Oscillation and Prediction of ”Der” Season Rainfall in Somalia.
Joumal of Climate, 5, 525-531.

James, L.D., 1982: Selection, Calibration and Testing of Hydrologic Models. In C.T. Haan, H.P. Johnson
and D.L. Brakensiek, eds, Hydrologic Modelling of Small Catchments. American Society

of Agricultural Engineers, U.S.A., 437-472

Joseph, E.S., 1970: Probability Distribution of Annual Droughts. Journal of the American Society of
Civil Engineers, Irrigation and Drainage Division, 96, 461-474.

Julian, P.R., and M. Chervin, 1978: A Study of the Southern Oscillation and Walker Circulation
Phenomena. Monthly Weather Review, 106, 1433-1451.

Kates, R.W., 1985: The Interaction of Climate and Society. In R.W. Kates, J.H. Ausubel and M.
Berberian, eds., Climate Impact Assessment, John Wiley and Sons Ltd, U.S.A.

R~ ¢



243

Katz, RW., 1988: Use of Cross Correlations in the Search for Teleconnections. Journal of Climatology; 8,
241-253.

Kendall, M.G., 1944: On Autoregressive Time Series. Biometrika, 33, 105-122.

Kerr, R.A., 1984: The Moon Influences Western U.S. Drought. Science, 224, 587.

Kerr, RA., 1990: Sunspot Weather Link Is Down But Not Out. Science, 248, 684-685.

Kidson, E., 1925: Some Periods in Australian Weather. Bulletin No. 17, Bureau of Meteorology,
Melbourne, Australia.

Kidson, E., 1928: Sunspot Numbers and Annual Rainfall in New Zealand. The New Zealand Journal of
Science and Technology 10, 90-97.

Kidson, E., 1931: Dry Years in New Zealand. New Zealand Journal of Science and Technology, 13(2), 79-
84.

Kiladis, G.N. and H. Van Loon, 1988: The Southern Oscillation Part 7. Monthly Weather Review, 116,

120-136.

Kite, G.W., 1988: Frequency and Risk Analysis in Hydrology. Water Resource Publications, Colorado,
U.S.A, 257.

Klemes, V., 1986: Dilettantism in Hydrology: Transition or Destiny? Water Resources Research. 22 )
177S-188S.

Klemes, V., 1987: Drought Prediction: A Hydrological Perspective. In D.A. Wilhite, W.E. Easterling and
D.A. Woods, eds., Planning For Drought, Westview Press, Colorado.

Klemes, V., 1989: The Improbable Probabilities of Extreme Floods and Droughts. In O. Starosolszky and
O.M. Melder, eds., Hydrology of Disasters, James & James, London.

Kodera, K., 1991: The Solar and Equatorial QBO Influences on the Stratospheric Circulation During the
Early Northern-Hemisphere Winter. Geophysical Research Letters, 18 (6), 1023-1026.

Kunkel, K.E., 1989: A Surface Energy Budget View of the 1988 Midwestern United States Drought.
Boundary-Layer Meteorology, 48, 217-225.

Labitzke, K., 1987: Sunspots, the QBO, and the Stratospheric Temperature in the North Polar Region.
Geophysical Research Letters, 14(5), 535-537.

Labitzke, K., and H. Van Loon, 1988: Associations Between the 11-year Solar Cycle, the QBO and the
Atmosphere. Part I: the Troposphere and Stratosphere in the Northern Hemisphere in
Winter*. Journal of Atmospheric and Terrestrial Physics, 50 (3), 197-206.




244

Labitzke, K., and H. Van Loon, 1989a: Recent Work Correlation the 11-Year Solar Cycle With
Atmospheric Elements Grouped According to the Phase of the Quasi-Biennial Oscillation.
Space Science Reviews, 49, 239-258,.

Labitzke, K., and H. van Loon, 1989b, Association Between the 11-yr Solar Cycle, the QBO, and the
Atmosphere. Part ITI: Aspects of the Association. Journal of Climate, 2, 554-565.

Labitzke, K., and H. van Loon, 1990: Associations Between the 11-year Solar Cycle, the Quasi-Biennial
Oscillation and the Atmosphere: A Summary of Recent Work. Philosophical Transactions

of tile Royal Society of London, 330, 577-589. ’ -

Labitzke, K., and H. van Loon, 1991: Some Complications in Determining Trends in the Stratosphere.
Advances in Space Research, 11(3), 21-30.

7

Labitzke, K., and H. van Loon, 1992: Association Between the 11-Year Solar Cycle and the Atmosphere.
Part V: Summer. Journal of Climate, 5, 240-251.

Landsberg, G., 1951: Statistical investigations into the climatology of rainfall in Oahu. Meteorol.
Monogr., 1(3), 7-23.

Landsberg, H.E., 1975: Drought, A Recurrent Element of Climate In: W.M.O. No. 403, Special
Environmental Report No. 5 - Drought. Geneva, 42-90.

Lee, K.S., J. Sadeghipour, and J.A. Dracup, 1986: An Approach for Frequency Analysis of Multiyear
Drought Durations. Water Resources Research, 22(5), 655-622.

Lister, R.G., 1976: New Zealand Atlas. A.R. Shearer Government Printer, 1976.

Livingston, W.C., 1978: Solar Input to the Terrestrial System. In: B.M. McCormac and T.A. Seliga, eds.,
Solar Terrestrial Influences on Weather and Climate. D. Reidal Publishing Company,
U.S.A., 125-148.

Lough, J.M., 1991: Rainfall Variations in Queensland, Australia: 1891-1986. International Journal of

Climatology, 11, 745-768.

Lovett, J.V., 1973: The Environmental, Economic and Social Significance of Drought. Angus and

Robertson, Sydney.
Mayhill and Bawden, 1979: New Zealand Geography. Longman-Paul, Auckland.

Maillard, A., A. Hauchecorne, and K. Rose, 1990: Planetary Waves Modulated by the Quasi-Biennial
Oscillation (QBO). Annales Geophysicae, 8 (7-8), 531-540.

Moir, R.W., B. Collen, and C.S. Thompson, 1986: The Climate and Weather of Northland. New Zealand

Meteorological Service Misc. Publ. 115 (2), Wellington, pp 37.

e



245

Male, AJ.R., and D.L. Roke, 1978: The Water Resources of Northland. In: M. Jones, ed., ”The Northland
Regional Resources Survey”. Government Printer.

Malloy, L., 1988: Soils in the New Zealand Landscape. The Living Mantle. Mollinson Rendle Publishing
Ltd, Wellington.

Manning, J., 1981: Sunspot Cycles and Hydrological Planning in New Zealand. Weather and Climate,
Volume 2, No. 2, 27-28.

Marcz, F., 1990: Atmospheric Electricity and the 11-year Solar Cycle Associated with QBO. Annales
Geophysicae, 8 (7-8), 525-530. -

Markson, R., 1978: Atmospheric Electricity and the Sun-Weather Problem. In: B.M. McCormac and T.A.

Seliga, eds., Solar Terrestrial Influences on Weather and Climate. D. Reidal Publishing
Company, U.S.A., 125-148.

Markson, R., and M. Muir, 1980: Solar Wind Control of the Earth’s Electric Field. Science, 208, 979-989.

Martin, G.N., and J.R. Waugh, 1972: An Assessment of Drought From Rainfall Data, Ministry of Works,
‘Whangarei.

Mason, S.J., and P.D. Tyson, 1992: The Modulation of Sea Surface Temperature and Rainfall Associations
Over Southern Africa With Solar Activity and the Quasi-Biennial Oscillation. Journal of

Geophysical Research, 97(D5), 5487-5856.

Matalas, N.C., 1963: Probability Distribution of Low Flows. U.S. Geological Survey, Professional Paper
No. 434-A.

Matarira, C.H., 1990a: Frequency and Tracks of Anticyclones and Their Effect on Rainfall Patterns over
Zimbabwe. Theoretical Applied Climatology, 42, 53-56.

Matarira, C.H., 1990b: Drought Over Zimbabwe in a Regional and Global Context. International Journal

of Climatology, 10 (6), 609-625.

Mather, J.R., 1985: Drought Indices for Water Managers. Centre for Climatic Research, University of
Delaware, U.S.A.

Maunder, W.J., 1971: The Climate of New Zealand - Physical and Dynamic Features. In: J. Gentilli ed.
World Survey of Climatology Volume 13, Climates of Australia and New Zealand, Elsevier

Publishing Company, Amsterdam, 213-226.

McBride, J.L., and N. Nicholls, 1983: Seasonal Relationship Between Australian Rainfall and the Southem

Oscillation. Monthly Weather Review, 111, 1998-2004.




246

McCormac, B.M., and T.A. Seliga, 1978: Symposium/Workshop Conclusions. In: B.M. McCormac and
T.A. Seliga eds., Solar-Terrestrial Influences on Weather and Climate. D. Reidel

Solar-Terrestrial Influences on_yytattel 2= L 2=

Publishing Company, USA, 1-30.
McGann, R., 1991: The 1988-89 Canterbury/Otago Drought. Weather and Climate, 11, 56-59.

McKenzie, D.W., ed., 1987: Heinemann New Zealand Atlas. Heinemann and Department of Survey and
Lands Information, Wellington.

McKeon, G.M., and D.H. White, 1992: El Nifio and Better Land Management. Search, 23, 197-201.

McMahon, T.A., 1980: Analyses of Low Flow Data: A Review. Paper Presented to Workshop on Low
Flows, Christchurch, 24-25 July.

Mitchell, J.M., C.W. Stockton, and D.M Meko, 1978: Evidence of a 22-year Rhythm of Drought in the
Western United States related to the Hale Solar Cycle since the 17th Century. In: B.M.

McCormac and T.A. Seliga (eds) Solar Terrestrial Influences on Weather and Climate. D.

Reidal Publishing Company, U.S.A., 125-148.

Mitra, K., S. Mukherji, and S.N. Dutta, 1991: Some Indications of 18.6-year Luni-Solar and 10-11-year
Solar Cycles in Rainfall in North-West India, the Plains of Uttar-Pradesh and North-Central
India. International Journal of Climatology, 11(6), 645-652.

Mo, K.C. and White, G.H., 1985: Teleconnections in the Southern Hemisphere. Monthly Weather Review,

113, 22-37.

Moncur, J.E.T., 1987: Urban Water Pricing and Drought Management. Water Resources Research, 23, (3),

393-398.

Moran, R.J., and B.G. Rhodes, 1992: Drought Management Plan for Victoria’s Water Resources. Paper

presented at Institute of Water Administration Quarterly Meeting, 7 February, 1992,

Shepparton.

Moir, R.W., B. Collen, and C.S. Thompson, 1986: The Climate and Weather of Northland. New Zealand
Meteorological Service Misc. Publ. 115 (2), Wellington, pp 37.

Moye, L.A., M. Cech, A.S. Kapagio, and R.J. Hardy, 1988: The Theory of Runs with Application to
Drought Prediction. Journal of Hydrology, 103(1-2), 127-137.

Muir, M.S., 1978: The Role of Atmospheric Electricity in Sun-Weather Relationships. In: B.M.
McCormac and T.A. Seliga eds., Solar Terrestrial Influences on Weather and Climate. D.

Reidal Publishing Company, U.S.A., 125-148.

Mullan, B., 1987: El Nifio Update: 27 March 1987. Meteorological Society of New Zealand (INC.)

Newsletter 28, 20.

R —



247

Nathan, R.J., and T.A. McMahon, 1990: Practical Aspects of Low Flow Frequency Analysis. Water

Resources Research, 26(6), 597-605.

New Zealand Soil Burean, 1968: Soils of New Zealand - Part 1. Soil Bureau Bulletin 26(1), New Zealand
Department of Scientific and Industrial Research, Wellington.

Nicholls, N., 1978: Air-Sea Interaction and the Quasi-Biennial Oscillation. Monthly Weather Review, 106,
1505-1508.

Nicholls, N., 1983: Predictability of the 1982 Australian Drought. Search, 14, 154-155.

Nicholls, N., 1984: The Stability of Long-Range Forecast Techniques: A Case Study. Journal of Climate
and Applied Meteorology, 23, 143-146.

Nicholls, N., 1985: Towards the Prediction of Major Australian Droughts. Australian Meteorological
Magazine, 33, 161-166.

Nicholls, N., 1987: The Use of Canonical Correlation to Study Teleconnections. Monthly Weather
Review, 115, 393-399.

Northern Advocate, 1991: Regional Council Warms of Water Shortage for Many. July 5th.

Northern Advocate, 1992: Drought Tightens Grip on North. May 8th.

Northern Advocate, 1992: Disastrous Start Looms for North Dairy Season. May 22nd.

Northern Advocate, 1992: Drought Fears Loom Large. June 6th.

Northern Advocate, 1992: Dairy Feed Shortage Expecfed. July 2nd.

Northland Catchment Commission, 1979: The Water Resources of the Kerikeri Inlet Catchments. Water

Resources Report No 3, Whangarei.

Northland Catchment Commission, 1987: The Water Resources of the Waitangi River Catchment.

Technical Publication No. 1987/1.

Northland Regional Council, 1989: The Water Resources of the Wairua River Catchment. Northland
Regional Council, Publication No. 1989/2 (Prepared by A.G,Phipps and D.C. Kokich).

Northland Regional Development Council, M. Jones ed., 1978: Northland Regional Resources Survey,

Government Printer.

Northland Regional Council, 1992a: Draft Regional Policy Statement - Discussion Paper. Northland

Regional Council, 6th May, Whangarei.




248

Northland Regional Council, 1992b: Kaikohe Water Resources Assessment, Northland Regional Council,
‘Whangarei.

Northland Regional Council, 1992¢c: Towards Regional Plans For Water, Soil and Air Management,
Discussion Paper. Northland Regional Council, Whangarei.

Northland Regional Council, 1993: Proposed Regional Policy Statement For Northland. Northland
Regional Council, Whangarei.

New Zealand Meteorological Service, 1982: Rainfall Observations for 1982. NZMS Misc. Pub. 110
(1983), NZMS, Wellington.

New Zealand Meteorological Service, 1983: Rainfall Observations for 1983. NZMS Misc. Pub.110 (1983),
NZMS, Wellington.

New Zealand Meteorological Service, 1986a: Rainfall Observations for 1986. NZMS Misc. Pub. 110
(1986), NZMS, Wellington.

New Zealand Meteorological Service, 1986b: Summaries of Water Balance Data For New Zealand Stations.
NZMS Misc. Pub. 189, NZMS, Wellington.

National Water and Soil Conservation Organisation, 1983: Catchment Control in New Zealand.

Miscellaneous Publication No. 48, Water & Soil Division, Ministry of Works,

Wellington.

Nullet, D., and I. Giambelluca, 1988: Risk Analysis of Seasonal Agricultural Drought On Low Pacific
Islands. Agricultural and Forest Meteorology, 42 (2-3), 229-257.

Oguntoyinbo, J.S., 1986: Drought Prediction. Climate Change (9) 79-90.

Oladipo, E.O., 1985: A Comparative Performance Analysis of Three Meteorological Drought Indexes .
Journal of Climatology, 5 (6), 655-664.

Oliver, J.E., 1987: Blocking. In: Ed., J.E. Oliver and R.W. Fairbridge, The Encyclopedia of Climatology,

Van Nostrand Reinhold Co. New York, 179.

O'Mahoney, G., 1961: Time Series Analysis of Some Australian Rainfall Data. Bureau of Meteorology,
Meteorological Study No. 14, Melbourne.

Panofsky, H.A., and G.W. Brier, 1968: Some Applications of Statistics to Meteorology. The Pensylvania

State University, pp 224.

Paulson, E.G., J. Sadeghipoﬁr, and J.A. Dracup, 1985: Regional Frequency Analysis of Multiyear Droughts
Using Watershed and Climatic Information. Journal of Hydrology, 77, 57-76.

. |



249

Pearson, C.P., 1992: Analysis of Floods and Low Flows. In: M.P. Mosley, ed., Waters of New Zealand.
New Zealand Hydrological Society, New Zealand, 95-117.

Philander, S.G.H., 1983: El Nino Southern Oscillation Phenomena. Nature, 302: 295-301.

Pittock, A.B., 1978: Solar Cycles and the Weather: Successful experiments in Autosuggestion. In B.M.
McCormac and T.A. Seliga eds., Solar Terrestrial Influences on Weather and Climate. D.

Reidal Publishing Company, U.S.A., 125-148.

Pittock, A., 1983: Solar Variability, Weather and Climate: an Update*. Quarterly Journal of the Rovyal
Meteorological Society, 109, 23-55. N

Pittock, A.B., 1984: On the Reality, Stability, and Usefulness of Southern hemisphere Teleconnections.
Australian Meteorological Magazine, 32, 75-82.

Poynter, M., 1987: Northland. Freshwater Catch, 33, 20-24.
Ralph.W., 1983: Drought and the El Nifio phenomenon. ECOS, 38, 13-16.

Rasmusson, EM., 1984: El Nifio: The Ocean/Atmosphere Connection. Oceanus, 27, 5-12.

Rasmussen, E.M., 1987a: The Prediction of Drought - A Meteorological Perspective. Endeavor, 11(4),
175-182.

Rasmussen, E.M., and T.H. Carpenter, 1981: Variation in tropical sea surface temperature and surface wind
fields associated with Southern Oscillation-El Nifio. Monthly Weather Review, 109, 9-12.

Rasmussen, E.M., and .M. Wallace, 1983: Meteorological Aspects of the El Nifio/Southern Oscillation,
Science, 222, 1195-1201.

Rawson, H.E., 1908: The Anticyclonic Belt of the Southern Hemisphere. Quarterly Journal of the Royal
Meteorological Society, 147, 165-188

Reddy, R.S., V.R. Neralla, and W.L. Godson, 1989: The Solar Cycle and Indian Rainfall. Theoretical and
Applied Climatology, 39, 194-198.

Revfeim, K.J.A., 1985: Drought Prediction From Rainfall Records. New Zealand Agricultural Science, 19
(2), 53-55.

Rickard, D.S., and P.D. Fitzgerald, 1969: The Estimation and Occurrence of Agricultural Drought. Journal
of Hydrology, 8(1), 11-16.

Riggs, H.C., 1972: Low Flow Investigations. Techniques of Water Resources Investigations of the United

States Geological Survey. Book 4, Chapter B1.




250

Roberts, W.0., 1978: Introductory Review of Solar-Terrestrial Weather and Climate Relationships. In:
B.M. McCormac, and T.A. Seliga, eds., Solar Terrestrial Influences on Weather and

NOIdl A A A ———————

Climate. D. Reidal Publishing Company, U.S.A., 125-148.

Roke, D.L., 1986: Planning to meet the growing demands on Northland’s Water Resources. Proceedings of
the New Zealand Grassland Association, 47, 33-42.

Ropelewski, C.F., 1992: Predicting El Nifio Events. Nature, 356, 476-477.

Sadeghipour, J and J. Dracup, 1985: Regional Frequency Analysis of Hydrologic Multiyear Droughts.
‘Water Resources Bulletin, 21(3), 481-487. -

Salby, M.L., and D. Shea, 1991: Correlations Between Solar Activity and the Atmosphere: An Unphysical
Explanation. Journal of Geophysical Research, 22579-22595.

Salinger, M.J., 1980a: New Zealand Climate: 1. Precipitation Patterns. Monthly Weather Review, 108,

1892-1904.

Salinger, M.J., 1980b: New Zealand Climate: II. Temperature Patterns. Monthly Weather Review, 108,
1905-1912.

Salinger, J., 1991: Greenhouse, N.Z. Our Climate: Past, Present and Future. Square One Press, New

_—_#______———A—-————

Zealand.

Sastri A.S., Y.S Rama Krishna, and B.V. Ramana Rao, 1981: A New Method For Classification of

Agricultural Droughts. Archives for Meteorology Geophysics and Bioclimatology Series
B, 29(3), 293-297.

Schaake, J.C., and Chunzhen, 1989: Deyelopment and Application of Simple Water Balance Models to
Understand the Relationship Between Climate and Water Resources. New Directions for
Surface Water Hydrology, IAHS Publication, no 181, pp 343-352

Schove, D.J., 1987a: Sunspot Cycles. In: R.W. Fairbridge and Oliver eds., The Encyclopedia of
Climatology. Van Nostrand Reinhold Co, New York.

Schroeder, L.D., D.L. Sjoquist and P.E. Stephan, 1986: Understanding Regression Analysis - An
Introductory Guide. Sage Publications, Inc. U.S.A.

Seelye, C.J., 1946: Variations of Monthly Rainfall in New Zealand. New Zealand Joumnal of Science and

Technology, 22b: 18-21.

Seelye, C.J., 1950: Fluctuations aqd secular trend on New Zealand rainfall. The New Zealand Journal of
Science and Technology, 6, 11-24.

_



251

Sen, Z., 1980a: Critical Drought Analysis of Periodic-Stochastic Processes. Journal of Hydrology, 46, 251-

263.

Sen, Z., 1980b: Regional Drought and Flood Frequency Analysis: Theoretical Consideration. Journal of
Hydrology, 46, 265-279.

Shaw, E.M., 1988: Hydrology in Practice. Chapman and Hall, London, U.K.

Shaw, G. and D. Wheeler, 1985: Statistical Techniques in Geographical Analysis. John Wiley and Sons,

Norwich.

Smart, G.M., 1983: Drought Analysis and Soil Moisture Prediction. Journal of Irrigation and Drainage
Engineering ASCE, 109 (2), 251-261.

Soulé, P.T., 1992: Spatial patterns of drought frequency and duration in the contiguous USA based on
multiple drought definitions. International Journal of Climatology, 12, 11-24.

Speigal, E.A., and N.O. Weiss, 1980: Magnetic Activity and Variations in Solar Luminosity. Nature, 287,
616-617.

Srikanthan, R., and T.A. McMahon, 1985: Recurrence Interval of Drought Events through Stochastic
Analysis of Rainfall and Streamflow Data, Hydrological Sciences Journal, 30(2), 197-206.

Stopp, D.I., and P. Stopp, 1978: The River Basin. Cambridge University Press, London.

Streten, N.A., 1982: Exploring Southern Hemisphere Climates. Australian Meteorological Magazine, 30,
143-153.

Tait, A.B., 1992: The Synoptic Climatology of New Zealand Rainfall. M.Sc(Hons) Thesis, University of
Otago.

Taylor, K., M. Rose and G. Lamorey, 1992: Relationship of Solar Activity and Climatic Oscillations on
the Colorado Platean. Journal of Geophysical Research, 97 (D14), 15803-15811.

Thom, H.C.S., 1966: Some Methods of Climatological Analysis. World Meteorological Organisation No.

199, Geneva.

Thom, H.C. and M.D. Thom, 1972: Tests of Significance for Temperature and Precipitation Normals.
Monthly Weather Review, 100(6), 503-508.

Thompson, L.M., 1973: Cyclical Weather Patterns in the Middle Latitudes. Journal of Water and Soil

Conservation, March-April, 87-89.

Thorley, A., 1989: The Drought - A Message of Above. Deer Farmer, 55, 29-30.




252

Tomlinson, A.I., 1976: Short-Period Fluctuations of New Zealand Rainfall. New Zealand Journal of
Science, 19, 149-161.

Tomlinson, A.L, 1980a: A Non-Random Feature in New Zealand Rainfall. New Zealand Geographer, 36
(2), 68-72.

Tomlinson, A.I, 1980b: Wet and Dry Years. Soil & Water, October, 3-4.

Tomlinson, AL, 1980c: A Superimposed Epoch Analysis of New Zealand Rainfall. Search 11(11), 383-
385.

Tomlinson, A.L, 1981: Some Variations of Rainfall and River Flow in New Zealand. New Zealand Journal
of Science, 24, 103-110.

Trenberth, K.E., 1975: A Quasi-Biennial Standing Wave. In: The Southern Hemisphere and Interrelations
With Sea Surface Temperature. Quarterly Journal of the Royal Meteorological Society,

101 (427), 55-74.

Trenberth, K.E., 1976a: Spatial and Temporal Variations of the Southern Oscillation. Journal of the Roval
Meteorological Society, 102, 639-653.

Trenberth K.E., 1976b: Fluctuations and Trends in Indices of the Southern Hemisphere Circulation.
Quarterly Journal of the Royal Meteorological Society, 102, 55-69.

Trenberth, K.E., 1977: Climate and Change: A New Zealand Perspective. New Zealand Meteorological

Service, Misc. Pub. 161.

Trenberth, K.E., 1980: Atmospheric Quasi-Biennial Oscillations. Monthly Weather Review, 108,1370-
1377.

Trenberth, K.E., 1981: Southern Hemisphere General Circulation and Its Variability. Weather and Climate,
1(1), 21-26.

Trenberth, K.E., 1991: General Characteristics of El Nifio-Southern Oscillation. In: M. Glantz, R.-W.
Katz, N. Nicholls ed., Teleconnections Linking Worldwide Climate Anomalies Cambridge
University Press, Great Britain.

Trenberth, K.E., and G.W. Branstator, 1992: Issues in establishing causes of the 1988 Drought over North
America. Journal of Climate, 5, 159-172.

Trenberth, K.E., and D.J. Shea, 1987: On the Evolution of the Southern Oscillation. Monthly Weather
Review, 115, 3078-3096.

Tyson, P.D., 1981: Atmospheric Circulation Variations and the Occurrence of Extended Wet and Dry Spells
Over Southern Africa. Journal of Climatology, 1, 115-130.

T ™



253

Troup, A.J., 1965: The ’Southern Oscillation’, Quarterly Journal of the Royal Meteorological Society, 91,
490-506.

U.S. Army Corps of Engineers, 1991: National Water Summary 1988-1989 In: U.S. Geological Survey,
Water Supply Paper, 2375, U.S. Government Printing Office, U.S.A, 6-8.

van Loon H., and K. Labitzke, 1988a: When the Wind Blows. New Scientist, 8, 58-60.

van Loon, H., and K. Labitzke, 1988b: Association Between the 11-year Solar Cycle, the QBO, and the
Atmosphere. Part II: Surface and 700 mb in the Northern Hemisphere in Winter. Journal

of Climate, 1, 905-919. b

Vines, R.G., 1977: Possible Relationships between Rainfall, Crop Yields and the Sunspot Cycle. The
Journal of the Australian Institute of Agricultural Science, 43, 3-13.

Vines, R.G., 1982: Rainfall Patterns in the Western United States. Journal of Geophysical Research, 87
(C9) 7303-7311.

Vines, R.G., 1986: Rainfall Patterns in India. Journal of Climatology, 6, 135-148.

Vines, R.G., and A.I. Tomlinson, 1980: An analysis of New Zealand’s Rainfall. New Zealand Journal of
Science, 23, 205-216.

Vines, R.G., and A.I. Tomlinson, 1985: The Southern Oscillation and Rainfall Patterns in the Southern
Hemisphere. South African Journal of Science, 81, 151-157.

Walker, W.R., M.S, Hzero, and C.J. Haley, 1991: Management of Water Resources for Drought
Conditions. In U.S. Ammy Corps of Engineers, National Water Summery 1988-89 - Floods

and Droughts, U.S. Geological Survey Paper 2375, U.S. Printing Office, U.S.A., 147-157.

Ward, G.F.A., 1983: The summer that never was. Meteorological Society of New Zealand (Inc) -
Newsletter, 12, 2-3.

Ward, G.F.A., 1985: The Southern Oscillation and its Effects on New Zealand Weather. New Zealand
Agricultural Science, 19(1), 34-38.

Ward, G.F.A., and Goulter, S.W., 1991: Some Evidence For Planetary Solar Tidal Influences in
Meteorological and Climate Time Series, Including the Southern Oscillation. Weather and

Climate, 11, 60-66.

Ward, W.T., and M. Robinson, 1990: Principals of Hydrology. McGraw-Hill Book Company (UK) Ltd.,

Kent.

Warrick, R.A., 1975: Drought Hazard in the United States: A Research Assessment. University of

Colorado, U.S.A.

B s e T i e N e e e e e T



254

Waterhouse, B.C., 1965: Ground Water and Public Health. Department of Scientific and Industrial
Research, Auckland.

Waugh, J.R., 1970a: The Relationship Between Summer Low Flows and Geology In Northland, New
Zealand. Ministry of Works Miscellaneous Publication No 6, Wellington.

Waugh, J.R., 1970b: Base Flow Recessions As An Index of representativeness in the hydrological Regions
of Northland, New Zealand. Ministry of Works Whangarei.

Weare, B., 1987: Relationships between Monthly Precipitation and SST variations in the Tropical Pacific
Region. Monthly Weather Review, 115, 2687-2698. "

Weiss, N., 1993: Magnetic Geometry of Sunspots. Nature 362, 208.

Wendland, W.M., 1990: Hydrological Aspects of the 1988 Drought in Illinois. Water Resources Bulletin,
26(6), 913-920.

West, F., and T. Healy, 1991: Analysis of Climatic Data For The Chateau, Mt Ruapehu (1930-1988), in
Relation to Climatic Change. Weather and Climate, 11, 15-26.

Wilhite D.A.,.and M.H. Glantz, 1985: Understanding the Drought Phenomenon: The Role of Definitions.
Water International 10, 111-120.

Wilhite, D.A., and M.H. Glantz, 1987: Understanding the Drought Phenomenon: The Role of Definitions.
In: D.A. Wilhite, W.E. Easterling and D.A. Wood eds., Planning For Drought. Westview
Press Inc., Colorado.

Wilhite, D.A., and D.A. Wood, 1985: Planning For Drought - The Role of State Government. Water
Resources Bulletin, 21(1), 31-38.

Wilhite, D.A., 1986: Drought Policy in the U.S. and Australia: A Comparative Analysis. Water
Resources Bulletin, 22(3), 425-446.

Wilhite, D.A., and W. Easterling, 1987: Improving Drought Policy - A Plan of Action. Climatological
Bulletin, 21(3), 30-42.

Wilhite, D.A., 1991: Drought Planning: A Process for State Government. Water Resources Bulletin, 27(1)

29-38.

Willson, R.C., 1980: Direct Measurement of Solar Luminosity Variation. Science, 207, 177-178.

Willson, R.C., S. Gulkis, and G.A. Chapman, 1981: Observations of Solar Irradiance Variability, Science
211, 700-702. ‘

Whangarei City Council, 1988: Water Planning Report. Whangarei City Council, Whangarei.

—



255

The Whangarei Report, 1991: Dry Summer Looms. Dec 20th 1991, pgl.

Woo, C., 1982: Drought Management - Expecting the Unexpected. Journal American Water Works
Association, 74 (3), 126-131.

Woolhiser, D.A., and T.O. Keefer, 1993: Southern Oscillation Effects on Daily Precipitation in the
Southwestern United States. Water Resources Research, 29(4), 1287-1295.

Wright, P.B., 1974: Temporal Variations in Seasonal Rainfalls in Southwestern Australia. Monthly
Weather Review, 102, 233-243.

Wright, P.B., 1985: The Southern Oscillation: An Ocean-Atmosphere Feedback System? Bulletin of the
American Meteorological Society, 66, 398-412.

Wright, P.B., 1989: Homogenised Long Period Southern Oscillation Indices. International Journal of

Climatology, 9, 33-54.

Yao, C.S., 1989: Run Turning Points and Turning Periods of Flood and Drought Years. Theoretical and
Applied Climatology, 40 (3), 111-118.

Yevjevich, V., 1967: An objective approach to definitions and investigations of continental hyvdrologic

droughts. Hydrology Papers No. 23, Colorado State University.

Yevijevich, V., W.A. Hall, and J.D. Salas, 1977: Drought Research Needs. Water Resource Publications,
Colorado, U.S.A, pp 275.

Zelenhasic, E., and A. Salvai, 1987: A Method of Streamflow Drought Analysis. Water Resources
Research, 23(1), 156-168. '






