
6 .  Rainfall Analyses 

The objectives of this section are: 

(1) To examine spatial and temporal trends of rainfall in the Hutt Catchment. 

(2) To measure extreme rainfall events and predict the frequency of occurrences 
for given magnitudes of drought and high intensity rainfalls. 

(3) To put periods of low river flows into a greater historical perspective by 
examining the longer duration rainfall records for droughts. 

The 44 rain gauges used in this study were analysed for the following: 

Mean annual rainfall 
Mean annual rainfall isohyets 
Rainfall transect analyses 
Mean monthly rainfall 
Long-term temporal rainfall trends 
Periods of low rainfalls 
Rainfall drought frequency analysis 
High rainfall intensity frequency analyses. 

Also analysed are possible climate change impacts on rainfall and synoptic situations 
that lead to high river levels. 

Figure 4.1 illustrates the locations of the rain gauges used in this section. 

6.1 Mean Annual Rainfall 

Mean annual rainfall is the mean of each calendar year of rainfall record. Analysis 
of mean annual rainfall gives an indication of both the temporal and spacial 
distribution of rainfall in the Hutt Catchment. However, the difficulty of comparing 
rainfall records that have inconsistent periods is recognised. Also, some rainfall 
stations exhibit variability because of localised effects of topography and vegetation 
influences. This is especially apparent in the high altitude, Tararua Range and 
Eastern and Western Hutt Hills rain gauges, where these influences may result in an 
inconsistent relationship between rainfall and altitude. 

Mean annual rainfalls for all stations are presented in Tables 6.1-6.4. In Tables 6.1- 
6.4 the rainfall stations are grouped based on the following nominated altitudes: 

I Below 50 m 
I Between 50 m and 300 m 
I Between 300 m and 600 m 

Over 600 m. 

* 
Below 50 m is representative of the mid to lower Hutt Valley floor. Between 50 m 
and 300 m, the Upper Hutt Valley and the foothills of the Westemznd Eastem Hutt 
Hills; between 300 m and 600 m the mid to high altitudes of the Eastern and 



Western Hutt Hills; and over 600 m the steepest patts of the Hun Catchment above 
Kaitoke. \, 

Mean annual rainfall is analysed on the basis of dese altitude thresholds. 

Rainfall Stations Below 50 m 

At the 10 rain gauges analysed in the Hutt Catchment below 50 m altitude, mean 
annual rainfall ranges fiom 1099 mm to 1487 mm (Table 6.1). The mean of all 
stations is 1268 mm. 

Table 6.1: Mean Annual Rainfall for Rainfall Stations Below 50 m Altitude 

Station Period Met No. Altitude Mean Annual Rainfall 
(m) (mm) 

Tama Street 1923-1981 El4292 6 1342 

Waterloo 1963-1983 El4298 6 1414 

Maungaraki No. 1 1969-1990 El4289 7 1276 

Hutt Golf Club 1970-1981 E1429L 9 1487 

Naenae Park 1948-1970 El4297 12 1099 

Waiwhetu 1903-1959 El4293 12 1181 

Avalon 1962-1992 El4195 15 1301 

Gracefield 1958-1992 El4290 34 1244 

Somes Island 1975- El4285 43 1109 

Trentham 1944- El5103 49 1225 

The mean of all stations (1268 mm), is a good estimation of mean annual rainfall in 
the mid to lower Hutt Valley floor. 

While the relationship between altitude and mean annual rainfall is poor (R' = 
-0.489) for those stations below 50 m altitude, the range is relatively small with a 
standard deviation of 113 rnm about the mean. This is expected as aspect and 
localised effects are more significant than altitude. Hutt Golf Club (E1429L), 

Waterloo (E14298) and Tama Street (E14292) have high mean annual rainfalls for 
their low elevations and positions in the Hutt Valley. 

6.1.2 Rainfall Stations between 50 m and 300 m a I 
Rain gauges in this altitude range begin to show orographic enhancement resulting 
c, ,,~;,.-t. ,,, ,,lllev amss the ~~t~~ and Western Hutt Hills (Table 6.2). 

Table 6.2: Mean Annual Rainfall for Rainfall Stations Between 50 m and 300 m Altitude 

Station Period Met No. Altitude Mean Annual Rainfall 
(m) (mm) 

Trentham Racecourse 1930- El5101 52 1273 
Upper Hutt 1954- El5104 55 1341 
Wallaceville 1939- El5102 56 
Taita 

1306 
1957-1992 El4192 65 1340 

Stokes Valley No. 2 1971-1991 ~ 1 4 1 9 8  76 
Twin Lakes 

1288 
1984- E1501B 92 

Cemetery 
1594 

1988- El5018 100 
Pinehaven 

1687 
1977- E1510A 125 1481 

Maungaraki No. 2 1969- El4280 138 
Mangaroa Valley 

1377 
1978-1989 El5114 183 

Kaitoke Headworks 1951- El5021 1637 189 2317 
Maungaraki No. 3 1969-1990 El4295 
Kaitoke 

205 1420 
1957- El5011 223 

Tasman Vaccine 1980- El5204 1896 
Limited 

229 1406 

Putaputaweta 1986-1992 El5006 240 
Upper Whakatiki 1956- 

1707 
El5002 245 

Moonshine 
1721 

1981-1993 E1510D 250 
Arawhata 

1256 
1968 - El5012 270 1975 

Mean annual rainfill ranges from 1256 mm to 2317 mm at those stations between 
50 m and 300 m altitude in the Hutt Catchment. The mean of all stations is 
1557 mm. While the relationship between mean annual rainfall and altitude is only 
relatively significant (R2 = 0.498) a general trend does exist of increasing rainfall 
with altitude. Those stations recording over 1800 mm mean annual rainfall, (Kaitoke 
Headworks 2317 mm, Arawhata 1975 mm, Kaitoke 1896 mm) are situated in the 
upper catchment, at or above Kaitoke. These are the highest mean annual rainfalls 
of all stations between 50 m and 300 m altitude. 

An inconsistency exists between Tasman Vaccine Limited (E15204) (229 m) and 
Mangaroa Valley (El51 14) (183 m). Both gauges are in the Mangaroa Catchment 
and yet a significantly larger mean annual rainfall is recorded at the lower elevation 
Mangaroa Valley (El51 14) station. It is unclear why this occurs. 

Another inconsistency exists between Kaitoke Headworks (E15021) (189 m) and 
Kaitoke (El501 1) (223 m). Despite Kaitoke (El501 1) being at a higher elevation 
than Kaitoke Headworks (E15021) it records a mean annual rainfall that is almost 20 
percent lower. This is because Kaitoke Headworks (E15021) is situated further north 
in the Hun Catchment, but in a topographic depression. The surrounding land is 
however higher in elevation than at Kaitoke (E15011), and causes orographic 
enhancement of rainfall in the vicinity of the Kaitoke Headworks (E15021) station. 

6.1.3 Rainfall Stations Between 300 m and 600 m 

Rain gauges at this elevation are typically situated on the drainage divides of the 
Eastern and Western Hun Hills, and the mid to high altitudes of the Tararua Ranges 

%ve Kaitoke. Orographic enhancement at this altitude is marked (Table 6.3). 
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Table 6.3: Mean Annual Rainfall for Rainfall Stations between 300 m and 600 m Altitude 

Station Period Met No. AUitNe Mean Annual Rainfall 

Phillips 1972- E1502A 300 2933 
Hukiiga 1956- El5004 320 1865 
Blue Gum Spur 1981-1986 E1500A 335 1996 
Waynes Mistake 1984- E1418D 335 1353 
Warwicks 1980- E05907 345 2388 
Eastern Hun 1972-1984 E1502B 400 3987 
Cenae Ridge 1984- El5122 510 2136 
Misty 1956- El5202 545 1874 
Rimutaka Summit 1962-1987 Dl5123 561 1897 

Recorded mean annual rainfall at this altitude exhibits differences ranging from 
1353 mm to 3987 mm. The mean of all stations is 2269 mm. This is due to the 
altitude range being large, from 300 m to 600 m. Also, many of the rainfall records 
have varying lengths of data, hence cover inconsistent periods. 

6.1.4 Rainfall Stations Over 600 m 

The only areas of the Hutt Catchment reaching this altitude are the Upper Hutt 
Valley Western Hutt Hills bordering the Mangaroa and Pakuratahi Catchments, and 
the Tararua Ranees above Kaitoke. 

Correspondingly, the highest mean annual rainfalls are recorded by rain gauges in 
this altitude range (Table 6.4). - 

Table 6.4: Mean Annual Rainfall for Rainfall Stations above 600 rn Altitude 

Station Period Met No. Altitude Mean Annual Rainfall 
(m) (mm) 

Divine 1956- El5203 610 1901 
Renata Hutt 1972- E0591B 680 5693 

6.2 Mean Annual Rainfall Isohyets 

Figure 6.1 shows the Hutt Catchments mean annual rainfall isohyets derived from the 
New Zealand Meteorological Service. Figure 6.1 should give a more consistent 
indication of mean annual rainfall in the Hutt Catchment, as the isohyets are derived 
from the uniform period 1941 to 1970, and are a "smoothed" representation of * 
rainfall. 

Figure 6.1 shows that on the Lowcr I-Iutt Vallcy floor, mean annual rainfall is 1000 
- 1200 mm. This is the driest area of the Hutt Catchment. As elevation increases 
in a band from the middle of the valley through the valley floor of the Mangaroa 
Catchment, across the bottom of the Akatarawa Catchment and up into the middle 
of the Whakatiki Catchment, the mean annual rainfall gradient increases to 1400 - 
1600 mm. Generally, mean annual rainfall increases as elevation increases at a 
relatively uniform rate in a northeasterly direction. This is a direct result of 
orographic enhancement of rainfall. Figure 6.1 indicates that the highest mean 
annual rainfalls occur in the northeast of the Hutt Catchment, where 5600 - 6400 mm 
is experienced in the vicinity of Aston and Omega peaks. 

6.3 Minimum, Mean and Maximum Monthly Rainfalls 

The minimum, mean and maximum monthly rainfalls for all stations are presented 
in Appendix 2. Again, rainfall stations are grouped into the same altitude classes as 
for mean annual rainfall for comparative purposes. 

Because some storage rain gauges were serviced at durations of frequently longer 
than one month, monthly values in Appendix 2 are evenly proportioned over the one 
month interval. Thus, they are indicative values only. 

Renata 1964- E05911 790 1864 
Cliiie 1983- El5113 845 1706 
Bull Mound 1976- E0593A 1000 4547 
Eastern Quoin 1977-1983 E1502L 1130 5692 

The highest mean annual rainfall recorded by any rain gauge in the Hutt Catchment 
is at Eastern Quoin (E1502L) (5692 mm). Comparing Tables 6.3 and 6.4 it is 
apparent that some rain gauges situated between 300 and 600 m record higher mean 
annual rainfalls than those over 600 m altitude. Again, this illustrates the effects of 
aspect, wind and vegetation. 

Rain gauges at this altitude experience snowfalls during winter months. While this 
affects intensity data, mean annual and monthly totals will remain unaffected. This 
is because snowfall lasts for three to four days maximum, and snow melt occurs soon + 
after. 

Figures 6.2 and 6.3 show the mean monthly rainfalls for representative rainfall 
stations which have good length of record and are considered to have good data 
quality. The Blue Gum Spur (E1500A) station is an exception, as it has only five 
years of record. It is however, the best station to represent the Western Hutt Hills. 

%.- 
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Figure 6.2 illustrates mean monthly rainfall along the axis of the 
Hutt Valley. Somes Island (E14285) is the most 
the study area, ghile the Avalon (E14195), Trentham Racecourse (E15101) and 
Phillips (E1502A) stations follow the approximate southwest-northeast transect up the 
Hutt Valley floor to Bull Mound (E0593A), the most northeasterly station. Figure 
6.2 shows that mean monthly rainfall on the Hun Valley floor differs by less than 50 
mm at the Somes Island (E14285), Avalon (E14195) and Trentham Racecourse 
(E15101) stations. This suggests that mean rainfalls over the Hun Valley floor are 
similar with only a minor orographic enhancement up valley. As elevation increases 
above Upper Hutt mean monthly rainfall shows a similar increase. The Phillips 
(E1502A) station is approximately 250 m higher than Trentham Racecourse (E15101) 
and records between 50 to 60 percent higher mean monthly rainfalls, while Bull 
Mound (E0593A) is 700 m higher than Phillips (E1502A), and records approximately 
40 percent higher mean monthly rainfalls. 

Figure 6.3 compares mean monthly rainfall in the eastern (Runutaka Summit 
(D15123)) and western (Blue Gum Spur (E1500A)) borders of the Hutt Catchment 
to the Hutt Valley floor (Trentham Racecourse (E15101)). Both Rimutaka Summit 
@ 15 123) and Trentham Racecourse (El5 101) have reasonable lengths of record, but 
no long-term rain gauge with adequate data quality exists on the western border of 
the Hutt Catchment. Hence, Blue Gum Spur (E1500A) was the best available but is 
based on only four to five years of complete record. This probably accounts for the 
unusually high January and October through to December mean monthly rainfall. 
Thus, the Blue Gum Spur (E1500A) record is influenced by wet summers. 

During the winter months, mean monthly rainfall shows the expected increase at all 
three rainfall stations and conforms to altitude. Rimutaka Summit (D15123) is the 
highest of the three. During July, both Rimutaka Summit (D15123) and Blue Gum 
Spur (El 500A) record less mean monthly rainfall than the Phillips (El 502A) station 
illustrated in Figure 6.2. This is inconsistent with the altitudes of the rain gauges and 
suggests that the Hutt Catchment above Kaitoke, records more rainfall than the 
Eastern and Western Hutt Hills. 

Appendix 2 shows that as expected, winter is the wettest season and July the wettest 
month, with summer the driest season and February the driest month. However, 
while winter rainfall is consistent, summer rainfall is highly variable from year to 
year. Thompson and McGann (1990) have shown that summer rainfall has a 
coefficient of variation of 37 percent. (The coefficient of variation is defined as the 
standard error of the seasonal rainfall as a percentage of its mean). This variability 
in summer rainfall is evident in the tabulated minimum and maximum recorded 
summer month rainfalls being widely spread about the mean monthly rainfall at most 
stations. This is also evident in the catchments flow records. Despite mean summer 
flows being less than winter, high intensity rainfall can cause flooding at any time 
during a year. 

It is also significant that while the minimum recorded monthly rainfall is consistently 
in February at all stations, low monthly rainfalls can be experienced through to May. 

At many of the long-term rainfall stations (Wallaceville E15102, Waterloo E14298, 
Gracefield E14290, Upper Hutt El 5 105, Trentham El 5 103, Kaitoke Headworks 
E15021, Hun Golf Club E1429L) February 1973 is the driest month on record. At 
Trentham Racecourse (E15101) the longest record that covers the 1973 period, 
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February 1939 is the driest recording 9 mrn for the month, and February 1973 is the 
second driest with 12 mm. The other long-term stations, Tama Street (E14292) and 
Waiwhetu (E14293) that cover the 1973 period have missing record during 1939. 
They record December 1934 and February 1908 respectively as their driest months. 

6.4 Long-term Rainfall Trends 

Long-term rainfall trends can be analysed by plotting the percentage difference from 
the normal and cumulative departure from mean annual M a l l .  This was carried out 
for Tama Street (E14292), Waiwhetu (E14293), Kaitoke Headworks (E15021). 
Trentham Racecourse (E15101) and Wallaceville (E15102) (Figures 6.4 - 6.5). 

F i e  6.4: Percentage Difference from Normal 

Figure 6.4 shows that, in general, the rainfall stations illustrated follow the same 
trend in percentage difference from the normal. This similarity is, to an extent, in 
the relative changes and the direction of change, rather than in the absolute rainfall 
difference recorded. Other trends exhibited by Figure 6.4 are: 

Three periods of below 20 percent of mean annual rainfall were recorded at the 
Waiwhetu (E14293) station, between 1910 and 1925. 

During most of the 1930s. all rain gauges were consistently below their mean 

'QA 
annual midall. 

A below 50 percent of mean annual midall was recorded at the Wallaceville 
(E15102) station during 1941. . . 
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An over 50 percent of mean annual rainfall was recorded at the Tama Street 
(E14292) stition during 1942. 

A consistent period of below mean annual rainfall was recorded at all stations 
illustrated, during the early 1970s. 

F i e  6.5 Cumulative Deparhue from Mean 

The relative slope of the cumulative departure line indicates variations in M a l l .  
A positive slope represents a period of years where increased rainfall has occurred 
and a negative slope is a period of decreased rainfall. When the line is 
approximately horizontal this indicates a period of close to mean annual rainfall fcr 
the station's record. 

The following trends are exhibited by Figure 6.5: 

A strong cumulative decline in rainfall between 1910 and 1940 with the latter 
half of the 1930s. especially 1939, exhibiting the strongest cumulative declines. 

A similar below zero cumulative departure period was experienced between 
1968 and 1974 but especially during 1972. This however, was of shorter 
duration than the 1910-1940 period. +. -4 

?a 
Higher than average cumulative departure rainfall in the Lower Hutt &a 
during the period 1940 to 1970, but this is not exhibited to the same extent in 
Upper Hutt. 

Approximately mean conditions since 1980, with a slight decrease in 1989. 

7 
. IC 
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A peak in the cumulative departure from the mean rainfall in 1956-57. 

6.5 Periods of Low Rainfall 

The much longer rainfall records of stations in this study compared to flow records 
provides an opportunity to put periods of low river flows into a greater historical 
perspective. Thus, inferences can be made about the frequency and magnitude of 
recorded low river flows from recorded rainfall droughts. 

The five lowest minimum moving averages for the following periods was extracted 
for all rainfall stations with over 30 years of record: 

30 days 
60 days 
90 days 
120 days 
Calender year 
Hydrological year 

The only exception to this criterion is Phillips (E1502A), which has only 22 years 
of record. The station was included in the analyses as it is the longest running 
station at a reasonably high altitude (300 m). The station has also been an automatic 
rain gauge station since its installation, and is subjected to TELARC accreditation 
procedures. Thus, data is of a reasonably high quality. 

The lack of other long-term rainfall stations at high altitudes within the Hutt 
Catchment is a deficiency in the analyses. This is because rainfall can occur at high 
altitudes sustaining river flows, but does not occur at rain gauges on the Hun Valley 
floor. 

Appendix 3 gives the five lowest minimum moving average 30,60, 90 and 120 day, 
and calendar and hydrological year rainfalls for Phillips (E1502A), Kaitoke (El 501 I), 
Kaitoke Headworks (G 502 l), Wallaceville (El 5 102), Trentham Racecourse 

1- (E15101), Trentham (E15103). Each period is discussed below. 

6.5.1 Minimum Moving Average 30 Day Rainfalls 

Over a 30 day period, variability is apparent in the years when the minimum rainfalls 
occurred. However, some 30 day periods do predominate. These include the 
summers of 1974-75, 1985, 1947 and 1928. 

Philli~s (E1502A) and Kaitoke Headworks (E15021) stations indicate that above . \ 

approximately 180 m altitude, a 30 day period without rainfall has not been recorded. 
This infers that at higher elevations in the Hutt Catchment some rainfall will always 
occur over a monthly period. The discrepancy between Kaitoke (E15011) and 
Kaitoke Headworks (E15021) discussed previously is again apparent and due to 
orographic enhancement in the vicinity ofKaitoke Headworks (E15021). * 
At lower elevation and more southerly rain gauges, there have been periods of 30 
days where no rainfall is recorded. At these lower elevation rain gauges the range 
of the five lowest 30 day rainfalls is small when compared to the higher elevation 
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stations. 

6.5.2 Minimum Moving Average 60 Day Rainfalls 

Over a 60 day period, 1981, 1978 and 1969 reoccur at many rainfall stations as the 
years that contain the driest 60 day periods. However, like the minimum 30 day 
rainfalls, variability is exhibited in the years when the minimums occurred. 

In the Upper Hun area of the Hutt Catchment at Kaitoke (E15011), the lowest 
recorded minimum 60 day rainfall is just over 50 mm, and 119.9 mm at Phillips 
(E1502A). In the Lower Hutt area of the Hutt Catchment, Tama Street (E14292) 
records the lowest 60 day rainfalls, with the lowest being 18.6 mm beginning on 29 
December 1980. 

6.5.3 Minimum Moving Average 90 Day Rainfalls 

Over 90 days, minimum rainfalls begin to show more consistently in the periods 
when they were recorded. Five stations in Appendix 3 have their driest 90 day 
rainfall beginning in December 1980. However, those stations that have their records 
beginning before the 1930s all show that the 90 day period beginning in January 
1939 is the driest on record. At those stations that cover both the 1939 and 1980 
periods (Trentham Racecourse (E15101), and Tama Street (E14292)), 1939 records 
between 42 and 48 percent less rainfall than 1980. At Kaitoke Headworks (E15021) 
and Wallaceville (El 5 102), the 90 day period beginning December 1977 is the driest 
on record. This 90 day period also features within the five lowest minima at the 
other stations in Appendix 3. 

The Phillips (E1502A) minimum 90 day rainfalls are the highest of any station but 
the years in which they were recorded are not consistent with any of the other 
stations presented. The station is however, the most northern rain gauge in the Hutt 
Catchment and at the highest altitude, hence may be affected by different rainfall 
processes and mechanisms. 

The lowest recorded minimum 90 day rainfall of all stations (Waiwhetu (E14293), 
12 m altitude, (28.1 mm)) is only 11 percent of the lowest recorded minimum 90 day 
rainfall at Phillips (E1502A) 300 m altitude (259.8 mm). This highlights the large 
difference in drought rainfalls between the northern and southern extremities of the 
Hutt Catchment due to altitude. 

6.5.4 Minimum Moving Average 120 Day Rainfalls 

Over the 120 day period, minimum rainfall periods are not as consistent as for the 
90 day period. Years that predominate are 1980, 1977, 1972 and 1970. Comparison 
of both periods show that recorded rainfalls during the 120 day periods are 
significantly more than for the 90 day periods. For example the 90 day lowest 
recorded rainfall at Waiwhetu (E14293) is 28.1 mm while the 120 day lowest 
recorded rainfall is 99.8 mm. Hence a significant increase in rainfall over a four 
month period can be experienced than over a three month period. 

It is interesting to note that the years that predominate are all within the last 25 
years. This indicates that the frequency of long-term droughts (3 months) has 
increased in recent times. 
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6.5.5 Minimum Hydrological and Calendar Year Rainfalls 

Using the hydrological year (from 1 July to 30 June) period, the early 1960s and the 
years 1969 and 1973 feature strongly. At lower altitude stations, the lowest recorded 
hydrological year rainfalls are between approximately 700 mm to 1000 mrn. At 
higher altitudes, at and above Kaitoke, the lowest hydrological year rainfalls increase 
to between 950 mm and 2200 mm. As expected the minimum hydrological year 
rainfalls are less than the minimum calendar year rainfalls. This is because the 
summer season remains intact and not artificially divided as in a calendar year 
analysis. 

Of all the durations chosen, the minimum calendar year rainfalls are the most 
consistent. At six of the stations in Appendix 3, 1969 is the lowest recorded year. 
At many of the stations the recorded 1969 rainfall is considerably less than the 
second lowest calendar year rainfall. 

6.6 Drought Rainfall Frequency Analyses 

All rain gauges with over 30 years of record were analysed for drought frequency. 
The only exception to this criterion is Phillips (E1502A) which has 22 years of 
record. Phillips (E1502A) was included as it is the longest running station at a 
reasonably high altitude (300 m). 

The methodology for canying out the drought frequency analysis is explained in 
Appendix 4. The minimum 30, 60, 90 and 120 day rainfalls were analysed on a 
hydrological year basis from 1 July to 30 June. The resultant drought frequencies 
are given in Tables 6.5 to 6.14 and the ten lowest 30, 60, 90 and 120 day annual 
minima given in Appendix 5. 

Table 6.5: Tama Street (E14292) Drought Frequency (mm) 

- 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Years) Probability 

(%) 

Table 6.6: Waiwhetu (E14293) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Years) Probability 

("'4 

2 50 12.8 73.9 153.3 242.7 
5 20 5.8 46.8 106.3 175.8 
10 10 3.2 33.5 83.2 143.1 

k * 
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Table 6.7: Gracefield (E14290) Drought Frequency (mm) / 
I 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Yeam) Probability 

(%) 

2 50 12.0 69.3 138.2 220.1 
5 20 4.7 43.3 102.7 174.3 
10 10 2.0 32.9 88.5 156.5 
20 5 0 25.5 78.4 144.0 
50 2 0 18.1 68.6 131.8 
I00 1 0 13.7 62.7 124.5 

Table 6.8: Trentham (E15103) Drought Frequency (mm) 

Return Average 
Period Annual 
(Yeam) Probability 

30 Day 60 Day 90 Day 120 Day 

Table 6.9: Trentham Racecourse (E15101) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Years) Probability 

("A) 

2 50 13.8 77.9 150.3 233.3 
5 20 6.4 55.5 115.3 182.6 

Table 6.10: Upper Hutt (E15104) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 
Period Annual 
(Years) Probability 

120 Day 
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Table 6.11: Wallaceville (E15102) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Years) Probability 

("h) 

2 50 15.1 79.3 155.3 243.0 
5 20 7.6 56.3 121.7 196.0 
10 10 4.3 45.9 107.2 175.6 
20 5 1.8 38.0 96.3 160.3 
50 2 0 29.8 85.1 144.6 
100 1 0 24.6 78.2 134.9 

Table 6.12: Kaitoke Headworks (E15021) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Years) Probability 

Table 6.13: Kaitoke (E15011) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
weam) Probability 

(%I 

2 50 31.9 143.2 268.3 423.3 
5 20 16.2 103.1 205.1 339.2 
10 10 8.9 84.3 176.3 298.5 
20 5 3.4 69.6 154.4 266.4 
50 2 0 53.8 131.6 23 1.7 
100 1 0 43.8 117.3 209.5 

Table 6.14: Phillips (E1502A) Drought Frequency (mm) 

Return Average 30 Day 60 Day 90 Day 120 Day 
Period Annual 
(Years) Probability 

("h) 

2 50 57.0 204.4 384.7 636.0 
5 20 37.4 160.1 319.7 523.7 
10 10 26.1 142.9 296.1 474.8 
20 5 16.6 130.9 280.2 437.7 
50 2 5.6 119.2 265.0 399.1 
100 1 0 1 12.2 256.3 375.1 

% 
For a 30 day duration, no rainfall is recorded at return period of over 50 years at 
Tama Street (E14292), Waiwhetu (E14293), Gracefield (E14290), Trentham 
(E15103), Trentham Racecourse (E15101), Wallaceville (ET5102), and Kaitoke 
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(E15022). At Gracefield (E14290) for a 30 day is recorded at 
return periods of over 20 years. Gracefield southern Hun 
Catchment at approximately the same latitude as Tama Street (E14292). but records 
lower rainfalls. However, Gracefield (E14290) has a significantly shorter length of 
record than Tama Street (E14292), and this may explain the discrepancy. 

In the Upper Hutt Catchment over the 30 day duration, Phillips (E1502A) records no 
rainfall at the 100 year return period and Kaitoke (E15011) no rainfall at the 50 and 
100 year. Again a discrepancy in the estimates exists with Kaitoke Headworks 
(E15021) where some rainfall for a 30 day duration is recorded up to the 100 year 
return period. 

As the durations increase to 60,90 and 120 days, the return period drought rainfalls 
when compared to each other and their elevations, become more consistent 

Note: Return Period = 11 Annual Probability 

6.7 High Intensity Rainfall Frequency Analyses 

High intensity rainfall hquency analyses have been canied out using the 
methodology detailed in Appendix 4 for all automatic rainfall stations in the Hutt 
Catchment, with medium to long-term records (10 years or greater). Rainfall stations 
that meet this criteria are predominantly Regional Council stations as the majority of 
NIWA stations are daily storage gauges. The main exception is Phillips (E1502A) 
which has the longest automatic record of any rain gauge in the Hutt Catchment. 
The resultant high intensity rainfall frequencies for durations between one hour and 
24 hours are given in Tables 6.15-6.19. 

Figure 6.6 shows the 120 day duration drought frequency plots for Tama Street 
(E14292). Trentham Racecourse (E15101) and Kaitoke Headworks (E15021). This 
indicates that only a small increase in drought rainfall frequency and magnitude 
occurs between Lower Hutt City and Upper Hutt City, with a significant increase 
occurring as elevation increases at and above Kaitoke. Also apparent is the 
exceptional length of record, with both Tama Street (E14292) and Trentham 
Racecourse (E15101) having actual recorded minima plotting in excess of the 100 
year return period (0.01 annual probabiity smaller) and Kaitoke Headworks (E15021) 
in excess of the 70 year return period. The most extreme 120 day minimum rainfall 
recorded ("A" in Figure 6.6) at Trentbam Racecourse (E15101) was in the period 
beginning 21 December 1938. This has a Gringorten plotting position return period 
of 113 years. The most extreme 120 day minimum rainfall recorded at Tama Street 
(E14292) is for exactly the same period, beginning 20 December 1938 and has a 
plotting position return period of 104 years. 

The shorter Kaitoke Headworks (E15021) record which starts in 1951 has a 77 year 
return period plotting position minima measured on the period beginning 18 
December 1977. This shows that no extrapolation beyond recorded events was 
required to estimate extreme frequency drought rainfalls. 

__.. 

Figure 6.6: T a m  Skeet (E14292), Trentham Racewm (E15101) .Id K.aok H u d w ~ k S  
(E15021) 1U) Day Drought W i l l  Frequency Plot - .  

z I 

Table 6.15: Blue Gum Spur (E1500A) High Intensity Rainfall Frequency (mm) 

Return Average 
Period Annual 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 
nears) Probabilitv 

Table 6.16: Warwicks (E05907) High Intensity Rainfall Frequency (mm) 

Return Average 
Period Annual 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 
(Years) Probabiity 

(%) 

2 50 25 40 55 75 100 
5 

124 
20 35 50 65 90 125 

10 
169 

10 45 60 75 105 145 
20 5 50 70 90 115 165 228 

199 

50 2 60 80 105 135 190 
100 

265 
1 70 90 110 145 210 293 

a 4.11 7.67 9.86 16.91 28.09 39.98 
U 20.92 31.99 40.50 60.31 82.60 109.35 

Table 6.17: Tasman Vaccine Limited (E15204) High Intensity Rainfall Frequency (mm) 

Return Average 
Period Annual 1 hr 2 br 3 hr 4 hr 5 hr 6 hr 
(Years) Probability 

("A) 

a 5.95 5.92 7.55 12.0 . - 19.48 27.46 
u 17.57 25.81 29.93 42.56 57.37 77.22 

.. - 
Wellington Regional Council 71 Hydrology of the Hun Catchment 



-', 
Table 6.18: Centre Ridge (E15122) High Intensity Rainfall Frequency (mm) 

Return Average 
Period Annual 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 
(Years) Probability 

Table 6.19: Phillips (E1502A) High Intensity Rainfall Frequency (mm) 

Return Average 
Period Annual 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 
(Years) Probability 

(%) 

2 50 23 34 41 7 1 98 130 
5 20 30 45 57 92 135 179 

10 10 35 5 1 65 106 157 207 
20 5 39 58 73 119 179 237 
50 2 45 66 84 136 208 273 

100 1 49 72 92 149 229 301 

Note: The a and u location parameters can be used to defme a return period for a given rainfall. This 
is by the following equation: 

Rainfall (mm) = (u + a (- ln ( -1n ( I  - YT)))) 

6.8 Climate Change Impacts on Rainfall 

Potential changes to the present rainfall regime of the Hutt Catchment due to the 
greenhouse effect caused by increasing atmospheric CO, concentrations assuming a 
doubling CO, concentration by 2040 are: 

(1) Increased summer dryness due to a reduction in the number of rain days per 
annum, which will result in more droughts. This is attributed to a decrease in 
the strength and frequency of westerly and northwesterly winds, and will 
ultimately give a slight increase of droughts. 

(2) Due to a 1.5OC increase in temperature, again assuming a doubling of CO, 
concentration by 2040, dew point temperature will increase, resulting in an 
increase in water vapow content of about 15 percent from present levels. As 
a consequence rainfall intensities are expected to increase which will result in 
more storm events. It is possible that a 12 hour 100 year high rainfall 
frequency event could reduce in fiequency to a 50 year event. (Thompson and 
McGann 1990.) 
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The extent to which (1) and (2) above will negate each other is not known. 

6.9 Typical Weather Sequences Leading to Droughts 

Drought conditions in the Hun Catchment are generally characterised by a procession 
of anticyclones, one being replaced by the next (Porteous Pers Comm 1993). 
However, there is evidence to suggest that weather sequences leading to droughts in 
the Hutt Catchment are influenced by presswe differences between Darwin and Tahiti 
as described by the Southern Oscillation Index. Preliminary analysis by the author 
shows that a strongly positive Southern Oscillation Index or La Nina phase, correlates 
well with drought periods in the Hutt Catchment. In addition, Gordon (1986) has 
shown that during June, July, August, a negative index is anomalous with southerly 
airflows and results in drier and below average rainfall in the southern part of the 
North Island. Further investigation is required to determine if workable and 
operational drought forecasts can be made for the Hutt Catchment using the Southern 
Oscillation Index. 

6.10 Typical Weather Sequences Leading to High River Flows 

From analysis of synoptic weather maps preceding major floods in the Hutt River, 
it is possible to identify two predominant weather sequences which result in flooding 
in the Hutt Catchment. 

Figures 6.7 and 6.8 give examples of the first type of synoptic situation. It is 
characterised by a northwest airstream ahead of cold fronts in the Tasman Sea 
moving east towards the Hutt Catchment. If the front is slow moving andlor active 
with a high dewpoint, then heavy rainfall is induced over the catchment. 
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Figure 6.7: Synoptic Situation 10 December 1982 

Figure 6.8: Synoptic Situation 19 January 1980 

Figures 6.9 and 6.10 are examples of the second type of weather sequence leading 
to high river levels. This is associated with south or southeasterly airstreams 
following the passage of cold fronts, or due to a depression to the east of Wairarapa 
or over the north of the North Island. 

Figure 6.9: Synoptic Situation 21 May 1981 

Table 6.10: Synoptic Situation 16 August 1971 

The first type of situation (northwesterly) causes short intense flood events, while the 
second situation (south-southeasterly) causes longer duration, but lower magnitude 

w e n t s .  
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7. Flow Analyses 6.1 1 Rainfall Analyses Conclusions 

The excellent spatial and temporal distribution of rainfall records in the Hun 
Catchment have allowed extensive analyses to be carried out. The main findings of 
these analyses are: 

The objectives of this section are: 

(1) To examine long-term trends and seasonal patterns of the Hun River and its 
tributaries. 

The driest month on record (at Trentharn Racecourse (E15101)) is February 
1939 (9 mm) and second is February 1973 (12 mm). (2) To measure extreme low and high flows and predict the frequency of 

occurrences for given magnitudes of low and flood flows. 
Below average rainfall consistently occurred between 1910 and 1940 and again 
between 1968 and 1974. (3) To estimate the flow contribution of major tributaries to the Hun River. 

Rainfall has been fluctuating closely about mean conditions since 1980 to the 
present. 

(4) To describe flow distribution characteristics and estimate water yields. 

Flow analyses are presented for the Hutt River and each major tributary. The extent 
of these analyses is dependant on available records and data. Where indicated, flow 
analyses are derived from continuous flow records at the stations given in Table 4.3. 
In an effort to gain data for ungauged streams and tributaries, correlations of 
instantaneous gaugings are carried out and these correlations used to determine flow 
analyses. 

The driest calendar year on record is consistently 1969. 

. The driest hydrological year is more variable but the early 1960s and the years 
1969 and 1973 feature strongly. 

Generally, for a 30 day period, during a 50 and 100 year return period drought, 
no rainfall will be recorded in the Hutt Valley below Kaitoke. 

i 
Rainfall drought events in excess of the 100 year return period have been 
recorded. Thus, no extrapolation was required to estimate extreme frequency 
drought rainfalls. 

7.1 Types of Analyses 

7 1.1 Flow Statistics 

Where available the following flow statistics are presented for the Hutt River and 
each catchment: Drought durations in the vicinity of three months during 1939 have return 

periods in excess of 100 years. 
mean and maximum monthly flows. Also given is the minimum 

mean atld maximum of the annual means. There is a lack'of seasonality in rainfall on the Hutt Valley floor but 
seasonality increases with altitude. 

a Mean annual low flow (the mean of the lowest instantaneous flow for each 
calendar year of record). Drought periods and resultant return period estimates are similar over the Hutt 

Valley floor. 
Minimum, mean, median and maximum recorded flows. 

Recorded rainfall is extremely variable in the Eastern and Western Hutt Hills 
and in the Tararua Ranges because of localised influences fiom topography, Lowest "gauged" and "recorded" flows. The lowest gauged flow is a flow that 

has been physically measured, while lowest recorded is derived from a station's 
rating curves. This is also used to check rating curve extrapolation. 

vegetation and aspect. 

A major deficiency in the analysis is the lack of long-term rain gauge data at 
high elevations. 7.1.2 Flow Duration Curves 

A flow duration curve is a cumulative ftequency graph that shows the percent of time 
specified discharges are equalled or exceeded. As the hydrological records upon 
which the curves are based, reasonably represent the short to medium-term flow 
records of the Hutt River and its tributaries, they may be used to predict the 

ds t r ibu t ion  of future flows for water management purposes. 

At the high flow end, each curve is influenced by the amount of effective 
precipitation the catchment receives. Through the mid portion, the curves are 
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determined by catchment characteristics such as geology, vegetation, and soil type, 
and their ability to initially store and then release water to maintain base flow during 
periods of no rainfall. At the low flow end, the curves are solely determined by 
geology. 

The numerical flow duration table showing actual values, equalled or exceeded, is 
also given. These tables are read with tens digits on the left column and single digits 
in the top row. For example, in Table 8.4 the flow equalled or exceeded 55 percent 
of the time is 3888. 

Also given in Section 8.2 are specific discharge flow duration curves (flow duration 
divided by catchment area) for all water level records in the Hutt Catchment. 

7.1.3 Recession Curve Anaiyses 

Another tool that can be employed for low flow analysis is the recession curve. The 
diminishing discharge in the recession limb of a hydrograph reflects the depletion of 
stored water both surface and subsurface. within a catchment. In effect, a recession 
curve is another way of illustrating, for a period of little or no rainfall, the rate at 
which a catchment releases water from storage to main* stream flows. The rate 
of release is dependent on the catchment characteristics such as geology, vegetation 
and soil type. Recession curves can be used for low flow forecasting during 
prolonged dry periods. 

A variety of methods have been used to describe the recession process, but all 
conform to the law of bacterial decay or the exponential law. The most common 
recession equation used, has the form: 

Where: Q, = discharge after time t, where t is in days 
Q, = initial discharge 
Ktr = recession constant 

From this equation the half life period (the time required for the base flow of a river 
to half) can be calculated. The recession curves chosen do not necessarily represent 
the driest periods in each record. Instead, the most consistent recessions are analysed 
which are not interrupted by rainfall. Where possible, the five lowest recessions in 
each record are presented. The recession plots are given in Appendix 6. 

7.1.4 Concurrent Gaugings and Water Use 

Concurrent flow gaugings are effectively simultaneous measurements of flow at 
various points on a stream and its tributaries. They are canied out on the same day, 
while a river is in a recession phase, hence no rainfall has been experienced for some 
days. They aid in identifying: 

What percentage of total flow each tributary and catchment contributes 

Losses or gains frodto groundwater systems. 

Correlations between rivers. 

Whether water permit abstractions are operating within their legal limits. 

When analysing concurrent gaugings and water permit abstractions, it is assumed that 
abstractions are operating at the time of the gaugings, and the rates of abstraction 
(given in L/s) are accurate, when calculated from the total allocation in cubic metres , 

per day. In addition permitted activities of up to 20,000 Llday (0.23 L/s) (e.g., stock 
watering, domestic supply and irrigation) are not accounted for, but cumulatively may 
be significant. 

Where possible, tributary flow contributions to main river channels and the Hun 
River will be estimated. This will indicate the approximate flow that can be 
proportioned to each catchment and tributary. 

7.1.5 Low Flow Frequency Analyses 

Frequency analysis of low flow, magnitude and frequency of occurrence is an 
important tool in effectively managing any water resource. For such analysis, 
estimates are produced of low flow magnitudes corresponding to specified return 
periods and durations of instantaneous 1, 7, 14 and 28 days. Analyses of the 
frequency of low flow periods in the Hun Catchment is particularly important from 
a water supply viewpoint. The Hutt River supplies approximately 50 percent of 
Wellington's reticulated water supply. A low flow frequency analysis will indicate 
the statistical likelihood that water supply demands will not be met. Analysis of low 
flow frequency is also important from a water quality and recreational viewpoint 
(e.g., dilution rates for effluent and maintaining fish populations). The methodology 
used to estimate low flow frequencies is explained in Appendix 4. 

Where insufticient flow data is available, the methodology described in Hutchinson 
(1990) is employed. This method gives a regionalised estimation of the specific 
yield for the five year, seven day low flow. For a more detailed discussion of this 
method Hutchinson (1990) should be consulted. 

7.1.6 Flood Frequency Analyses 

Retum period estimates for flood flows are used in floodplain management and the 
design of structures such as bridges and stopbanks. The analyses presented here are 
summarised from Pearson (1990). 

Three techniques were used by Pearson (1990) for estimating the flood frequency of 
the Hutt Catchment; an at site frequency analysis, a regional frequency analysis, and 
a rainfall run-off analysis. 

(1) At site frequency analysis involves applying statistical methods to actual 
hydrological records measured at flow stations. 

(2) Regional flood fkquency analysis was developed by Beable and McKerchar 
a?h, (1982) and recently updated by McKerchar and Pearson (1989) and Pearson 

(1990). The method is based on estimating return period flows using regional 
hydrological characteristics. . . 



(3) Rainfall run-off modelling derived flood frequency estimates initially involve 
the calibration of rainfall and flow events, and then using high intensity rainfall 
return periods, to obtain corresponding flood frequency estimates. 

For a full explanation of the regional flood fkequency analysis methodology see 
McKerchar and Pearson (1989). 

Flood frequency estimates are only presented for the Hutt, Pakuratahi, Mangaroa, 
Akatarawa. Whakatiki, Korokoro and Waiwhetu Catchments as these are the only 
rivers and streams under the jurisdiction of the Regional Council for floodplain 
management. 

It is important to note that the Pearson (1990) flood frequency analyses included in 
this report are based on data up to, and including 1988. Since 1988, the Hutt 
Catchment flow data have been subjected to a data auditing procedure, which has in 
some cases, changed the high flow rating curves, hence annual maxima flows. A 
major change took place in the Kaitoke (29808) high flow curve, with all others 
undergoing minor changes. Thus, discrepancies will exist between the annual 
maxima presented in the flood frequency analyses sections, and the maximum 
recorded flows presented in the flow statistics sections. This will also be evident if 
the maximum recorded flow was after 1988, hence not used in the flood frequency 
analyses. 

1.1.7 IFIM Analyses \ 

To assist in water allocation ~lannine. the Regional Council commissioned NIWA . -. - 
to estimate the instream flow requirements for rivers in the Wellington Region. 

This was in response to user groups which questioned the largely "rule of thumb" C 
methods based on a proportion of iow flow being used to define minimum residual 
flows, and the recognition that a more scientific approach and solution was necessary. 

The result was a report by Jowett (1993) who developed and applied the Instream 
Flow Incremental Methodology (IFIM) to estimate residual flow requirements. C 
IFIM is generally recognised as being the state of the art technique for modelling 
brown trout habitat and their food supply. It relies on determining the amount of 
habitat available at a given flow and then uses a hydraulic computer model to assess 
changes in the amount of habitat available at low flows (see Jowett (1993)). Jowett's 
(1993) study provides site specific information on adult brown trout feeding and food 
producing habitat in ten rivers in the Wellington Region including the Hutt River at 
Birchville, and the Akatarawa and Whakatiki Rivers. In addition, Jowett (1993) 
derived a regionalised formula that can be used to estimate residual flows (for brown 
trout and food producing habitat) for other rivers throughout the Wellington Region. 
This is estimated using Figures 7.1 and 7.2. 

, ' 1 . . . 7: I 
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- 
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Mean annual low flow (rnJ/s) 

Legend ' 
1 = Olaki (gorge) 
2 = Waiohine (gorge) 
3 - Ruamahanga (Wardells) 
4 = Hun (Birmville) 
5 - Waingawa (aerodrome) 
6 = Waingawa (gotga) 

I 
! ! 

7 - Tauherenikau (gorge) 
8 - Ruamahanga (MI Bruce) 
9 - Akalamwa 
A - Whakotikei I 
s = Kopuuranga i 
C = PauaWanui 

Figure 7.1: Relationship between mean annual low flow and minimum flow, expressed as a 
percentage of the mean annual low flow, based on the maximum flow required to 
maintain minimum habitat or to limit habitat reduction to 33 percent in 12 reaches 
of Wellington streams and rivers 

Source: Jowett (1993) 

i I - 
Legend 

I 
1 - Otaki (gorge) I 

2 - Waiohine (gorge) i 
I 

3 = Ruamahanga (Wardalls) i 
4 - Hull (Birehvills) I 
5 - Waingawa (aerodrome) 
6 - Waingswa (gorge) 
7 - Tauhsrenikou (gorge) ; 
8 - Rumahanga (MI Bruce) . 
9 = Akatmrra 
A = Whakatikci 
B - Kopuaranga 
C = Pamlananui 

Mean annual low flow (rna/s) 

7-2: 
Relationship between mean annual low flow and minimum flow, expressed as a 
percentage of the mean annual low flow, required to maintain minimum habitat 
guidelines in 12 reaches of Wellington streams and riven 

? - 
Source: Jowett (1993) 

JI 1 
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It is rewgnised that the IFIM methodology is not a direct measure of a maintenance 
or minimum flow. The method only gives an indirect estimate of the maintenance 
flow requirements necessary to maintain the ecological integrity of rivers in the 
Wellington Region. 

It is important to note that the Jowett (1993) IFIM analyses are based on data up to- 
and including 1992. Since this time the Hutt Catchment flow data has been audited. 
This in addition to the extra years of data, will result in discrepancies between the 
mean annual low mean and median flows presented in the flow statistics sections and 
the Jowett (1993) IFIM analyses sections. 

k- 

Wellington Regional Council 82 Hydrology of the Hun Catchment 


	img-Z10113449.pdf
	img-Z10113510.pdf
	img-Z10113123.pdf
	img-Z10113138.pdf
	img-Z10113159.pdf
	img-Z10113216.pdf
	img-Z10113234.pdf
	img-Z10113248.pdf
	img-Z10113302.pdf
	img-Z10113318.pdf
	img-Z10113333.pdf
	img-Z10113349.pdf
	img-Z10113404.pdf
	img-Z10113418.pdf
	img-Z10113433.pdf

