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Regional Low Flow Estimaliorz Metlrod 

I. Introduction 

The need to estimate flow, particularly low flow, in a catchment that is not 
continuously or routinely monitored is a common occurrence for regional councils. 
Assessment of resource consents to take water, for example, often requires knowledge 
of the low flow characteristics of a given river or stream. 

The best method for estimating a low flow in a catchment that is not monitored is to 
correlate a number of low flow measurements in the ungauged catchment with 
simultaneous measurements in a physiographically similar catchment. 

If no gauging station exists in a catchment and sufficient low flow measurements 
cannot be made in the time available, the knowledge available for other gauged sites 
must be applied to the ungauged site. 

This regional study analyses recorded low flow series from river catchment sites 
throughout the Region and develops regression equations for calculation of a low flow 
variable based on rainfall and catchment physical characteristics. 

Wellington Regiorzal Corrrzcil Resource Irzvestigatiorrs Departrnertt Technical Report 
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Regiorral Low Flow Estintation Metlrod 

2. Literature Review 

A study looking at regression estimation of low flow was undertaken by Hutchinson 
(1990) using low flow data collected across the whole of New Zealand. Hutchinson 
derived regression equations based on catchment characteristics to estimate the seven 
day five year return period specific discharge for 11 regions throughout the country. 
Catchment characteristics such as catchment area, mean annual rainfall, hydrogeology 
and slope were used by Hutchinson (1990). 

Pearson (1995) examined the regional frequency of low flows in New Zealand rivers 
using the method of L-moments. L-moment ratios are used as statistical tests to 
indicate the level of homogeneity within a group of annual low flow series. Pearson 
(1995) concluded that Hutchinson's (1990) low flow regions should be further 
subdivided. Pearson (1995) produced a contour map of log specific discharge for New 
Zealand. This map can be used to estimate the log specific discharge for an ungauged 
catchment of interest. An equation based on the catchment characteristics of annual 
rainfall, soil depth-weighted porosity, percentage of bare land, slope and vegetation 
was developed applicable to the whole of New Zealand. 

A low flow investigation by the Institute of Hydrology (1980) in the United Kingdom 
derived regional regression relationships between low flow indices and catchment 
characteristics. One of the characteristics is a Base Flow Index - the proportion of 
total flow that derives from storage - to characterise hydrogeology. 

Two other regional councils have undertaken work in the area of regionalisation of 
low flows. Taranaki Regional Council (1997) constructed contour maps of specific 
mean annual low flow and specific one day seven year return period low flow for the 
region. Bay of Plenty Regional Council (1996) produced a regression equation based 
on the catchment characteristics of hydrogeology and slope to describe log specific 
seven day five year return period low flows. 

2 Wellinglorr Regional Co~incil Resource Investigations Departr?tent Tecltr~icnl Report 



Regional Low Flow Esfimafiorr Metlrod 

3. Data Sources 

Hydrological data for the Wellington region is collected and archived by two agencies. 
The Wellington Regional Council (WRC) and the National Institute of Water and 
Atmospheric Research (NIWA) maintain archives of all flow recorder sites operated 
by each agency respectively. 

The data identified for this study came from sites in catchments which: 

had a data record of four years or more; 
were not significantly affected by artificial influences or storage; 
were not significantly fed by groundwater. 

Data records were analysed for 34 currently operating or closed flow recorder sites as 
listed in Table 1 and located in Figure 1. 

Table 1: Catchment Recorder Sites Used for Analysis in this Study 

River and Location Site No. Map Reference Area (km2) 

Akatarawa at Cemetery 29844 R26:863112 113.5 
Atiwhakatu at Mt Holdsworth 29242 S26:226315 38.8 

Big Huia at Dam 29502 R27:807882 5.3 
Hutt at Birchville 29818 R27:856099 427.0 
Hutt at Kaitoke 29808 S26:942150 88.8 
Hutt at Taita Gorge 29809 R27:764034 555.5 

Kaiwhata at Stansborough 26502 T27:546978 83.3 
Kopuaranga at Palmers 29230 T26:353396 100.3 

Korokoro at Mill Weir 29901 R27:660972 15.9 
Mangaone at Ratanui 31720 S26:919399 9.2 

Mangaroa at Te Marua 29830 R26:887102 102.3 

Mill Creek at Papanui 30516 R27:589017 9.4 
Orongorongo at Dam 29501 R27:809879 23.0 
Orongorongo at Upper Dam Site 29503 R27:825927 7.1 

Otaki at Pukehinau 31807 S25:955404 306.0 

Pahaoa at Hinakura 27303 T27:317865 563.0 

Pakuratahi at Truss Bridge 29843 S27:937069 37.2 

Pauatahanui at Gorge 

Porirua at Town Centre 
Ruakokoputuna at lraia 

Ruamahanga at State Highway 2 29254 S25:299461 78.3 
Ruamahanga at Waihenga 29202 S27:146984 2340.0 

Ruamahanga at Wardells 29201 T26:347190 637.0 

Tauherenikau at Gorge 29251 S26:080129 112.0 

Taupo at Flax Swamp 31101 R26:673128 8.2 

Waikanae at Water Treatment Plant 31504 R26:846331 124.5 

Wellinglon Regiorral Courrcil Resource Irrvesfigatiorrs DeparNnerrt Teclrrrical Report 



Regio~ral Low Flow Estimation Method 

River and Location Site No. Map Reference Area (km2) 

Waingawa at Upper Kaituna 29246 S26:227324 79.0 

Wainuiomata at Manuka Track 29606 R27:786924 27.1 
Waiohine at Gorge 29224 S26:117183 180.0 
Waitohu at Water Supply Intake 31907 S25:968465 19.2 
Whakatikei at Dude Ranch 29841 R26:806119 46.0 
Whangaehu at Waihi 29244 T26:441380 36.6 
Whareama at Waiteko 25902 T26:662231 398.0 
Wharemauku at Coastlands 31401 R26:789302 7.8 

Rock type, slope and vegetation data are compiled for all of New Zealand in the New 
Zealand Land Resource Inventory (NZLIII). The NZLRI is available on the WRC 
GIs database for each catchment. A percentage area value is assigned to each variable 
within the groups of rock, slope and vegetation. For example, for the vegetation group 
a catchment may be assigned 65 percent of its area to Beech Forest, 25 percent to 
Exotic Forest and 10 percent to Low Producing Pasture. 

Full listings of the rock, vegetation and slope groups for each recorder catchment are 
contained in Appendix 1. 

Wellirtgto~r Regional Cortrzcil Resource I~rvestigations Departnrent Teclrnical Report 
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Methodology 

The objective of this study is to develop a method of estimating low flows for any 
stream or river in the Wellington Region using a regional equation and data already 
available in hydrological and land resource archives. 

A database can be formed of low flow characteristics, mean annual rainfall, 
hydrogeology index, vegetation and slope variables for all catchments above 
continuous flow recorders in the Wellington Region. 

From the database of low flow characteristics contour maps can be drawn across the 
Region for a particular low flow variable (e.g., specific seven day mean annual low 
flow). 

The variables within the database can then be used to form a regional regression 
equation, or equations, that can be used to determine the low flow characteristics of a 
given stream or river. 

This study describes the formation of the database of low flow and catchment 
characteristics, construction of low flow contour maps, derivation of regional 
regression equations, evaluation of the prediction accuracy of the regression equations 
and a procedure for using the equations to estimate low flows in any part of the 
Region. 

Wellingtorr Regional Council Resource I~rvestigations Department Tecltnical Report 
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3 - 
5. Variables Used in Regression 

1 
3 5.1 Low Flow Measure 

The seven day mean annual low flow (MALF) is the low flow measure used in this 
study. This is the mean of the minimum flows occurring over a seven day period for 
each year of record. 

For the purposes of this study a low flow hydrological year has been used rather than a 
calendar year. A low flow hydrological year begins and ends in the winter season so 
that the low flow period (i.e., summer and autumn) is included as a whole, rather than 
using a calendar year where a low flow period may be split between two years and 
consequently used twice in the analysis. 

From the data record for each site, annual series of the seven day low flow in litres per 
second (Lls) were obtained, and the seven day MALF calculated. The seven day 
MALF for each recorder catchment was divided by the catchment area to obtain the 
specific seven day MALF (L/s/kmz). The specific seven day MALF is the low flow 
measure used throughout this study. Table 2 lists the specific seven day MALF 
calculated for all 34 catchments. 

Each annual series had four or more values and the average number was 18. 

Table 2: Specific Seven day MALF for All Catchments 

Hutt at Kaitoke 

Hutt at Taita Gorge 

Catchment Specific 
7 day 
MALF 

(Ilslkmz) 

Akatarawa at Cemetery 10.0 

Atiwhakatu at Mt Holdsworth 13.2 

Big Huia at Dam 7.7 

Hutt at Birchville 6.1 

Ruamahanga at Waihenga 4.8 

6.7 I Ruamahanga at Wardells 5.4 

Catchment Specific 
7 day 
MALF 

(Ilslkm2) 

Pauatahanui at Gorge 2.5 

Porirua at Town Centre 3.1 

Ruakokoputuna at lraia 2.5 

Ruamahanga at State Highway 2 17.5 

Kaiwhata at Stansborough 0.2 1 Tauherenikau at Gorge 11.8 

Kopuaranga at Palmers Taupo at Flax Swamp 0.9 

Korokoro at Mill Weir 4.2 Waikanae at Water Treatment Plant 8.8 3.3 1 
Mangaone at Ratanui 

Mangaroa at Te Marua 

Mill Creek at Papanui 

Orongorongo at Dam 

Waingawa at Upper Kaituna 18.5 

4.0 9.5 1 Wainuiomata at Manuka Track 7.0 

I3 I Waiohine at Gorge 19.7 

10.7 Waitohu at Water Supply Intake 9.2 

Orongorongo at Upper Dam Site 5.4 1 Whakatikei at Dude Ranch 7.6 

Otaki at Pukehinau 

Pahaoa at Hinakura 

Whangaehu at Waihi 0.6 

0.3 Whareama at 'Waiteko 0.1 

Pakuratahi at Truss Bridge 6.3 I Wharemauku at Coastlands 2.5 

Welli~tgtori Regional Cor~~ ic i l  Resource Investigatio~ts Department Teclt~tical Report 
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5.2 Catchment Mean Annual Rainfall 

Plots of the catchment boundaries overlain with the New Zealand Meteorological 
Service mean annual rainfall isohyets were obtained from the Council's GIs database. 

Isohyetal analysis was applied to the plots to obtain catchment mean annual rainfall 
(R, in millimetres) for all catchments. 

5.3 Hydrogeology Index 

The NZLRI, accessed from the Council's GIs database, contains land information for 
the whole of the Wellington Region. The rock field of the inventory contains the 
dominant and subdominant rock types. From this, and following Hutchinson's (1990) 
procedure, a measure of the water storage capacity and transmissivity properties can 
be derived. 

Hutchinson (1990) quantified these properties by assigning a value to each rock type 
in terms of high, medium or low water storage capacity and transmissivity: 

High: Ash, breccia, lapilli, scoria, alluvium and unconsolidated sediments, 
peat. 

Medium: Mud and lahar deposits, loess, soft volcanic rocks, mudstone, siltstone, 
sandstone, crushed argillite, conglomerates. 

Low: Argillite, greywacke, limestone, hard volcanic rocks, crystalline 
intrusive and ultramafic rocks. 

Source: Hutchinson (1990) 

Eight hydrogeology classes were derived. Appendix 2 is a complete classification of 
all the rock fields in the NZLRI and the hydrogeology classes they are assigned. 

The areally weighted hydrogeology classification (H) is derived from the proportion of 
each rock type within the catchment. 

The areaIIy weighted mean slope (S), in degrees, was calculated for each catchment 
from the slope field of the NZLRI. Slope groups within the slope field are: 

A B C D E F G 
0-3' 4-7O 8-15' 16-20' 21-25" 26-35' >35O 

Flat to Undulating Rolling Strongly Moderately Steep Very steep 
gently rolling steep 

undulating 

Wellittgtort Regiot~al Council Resource Investigations Department Tecltnical Report 
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The percentage proportion of catchment area in each group (A-G) was derived from 
the GIs database, and S calculated as: 

5.5 Vegetation 

A vegetation index (VEG) was derived from the NZLRI. The vegetation field of the 
inventory is divided into grassland, scrubland and forest groups and then subdivided 
further based on the specific vegetation type. The three groups of grassland, scrubland 
and forest were assigned VEG index values of 1, 1.5 and 2 respectively. The 
percentage proportions of the groups were obtained for each catchment and an areally 
weighted mean VEG value calculated. 

1 
1 
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6. Methods 

6.1 Contour Maps 

The low flow measure, specific seven day MALF, obtained for each recorder 
catchment (Table 2) were plotted on a map of the Region at the centroid of each 
recorder catchment. Contours of equal values of the low flow measure were 
interpolated and drawn by hand. Figure 2 presents the contours over the Wellington 
Region for specific seven day MALF. 

The lowest specific seven day MALF occurs broadly in the eastern hill country of the 
Wairarapa. 

Highest specific seven day MALF occurs in the high altitude areas of the Tararua 
Ranges. A rate of 20 L/s/kmz being reached in the highest parts. The band of high 
specific seven day MALF continues from the Tararuas to the Rimutaka Ranges, 
incorporating the Orongorongo and Wainuiomata catchments. 

West of the ranges specific seven day MALF decreases out towards the coast. 

For much of the Region specific seven day MALF appears to vary continuously and 
smoothly in space as there is a high degree of spatial correlation between adjacent 
rivers. 

Areas of difficulty when using the contour map are the Wairarapa and Hutt Valley 
floors and parts of the Kapiti Coast where the influence of groundwater feeding into 
streams will cause different low flow regimes to those determined from the contour 
map. 

Another area to be treated with caution is the eastern hill country of the Wairarapa. 
The effects of differing geology (e.g., limestone) in some parts may result in some 
catchments showing different flow characteristics to that presented in the contour 
maps. 

The contour map is useful for estimation of discharges for ungauged catchments. 

6.2 Regression Equations 

An explanation for the regional variability of specific seven day MALF (Figure 2) is 
attempted using catchment characteristics. 

Specific seven day MALF, catchment mean annual rainfall (R), hydrogeology index 
(H), vegetation index (VEG) and slope (S) data were obtained for 34 catchments in the 
Wellington Region. 

Table 3 lists the catchment characteristics of R, H, VEG and S for each catchment in 
the study. 

10 Wellirzgton Regional Council Resource Irzvestigations Department Teclzrzicol Report 
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Table 3: Catchment Characteristic Variables for Each Catchment 

Catchment and Recorder Site Mean Annual Hydrogeology Vegetation Mean 
Catchment Index (H) Index Slope (S) 
Rainfall (R) (VEG) (degrees) 

Akatarawa at Cemetery 

Atiwhakatu at Mt Holdsworth 

Big Huia at Dam 

Hutt at Birchville 

Hutt at Kaitoke 

Hutt at Taita Gorge 

Kaiwhata at Stansborough 

Kopuaranga at Palmers 

Korokoro at Mill Weir 

Mangaone at Ratanui 

Mangaroa at Te Marua 

Mill Creek at Papanui 

Orongorongo at Dam 

Orongorongo at Upper Dam Site 

Otaki at Pukehinau 

Pahaoa at Hinakura 

Pakuratahi at Truss Bridge 

Pauatahanui at Gorge 

Porirua at Town Centre 

Ruakokoputuna at lraia 

Ruamahanga at SH2 

Ruamahanga at Waihenga 

Ruarnahanga at Wardells 

Tauherenikau at Gorge 

Taupo at Flax Swamp 

Waikanae at Water Treatment Plant 

Waingawa at Upper Kaituna 

Wainuiomata at Manuka Track 

Waiohine at Gorge 

Waitohu at Water Supply Intake 

Whakatiki at Dude Ranch 

Whangaehu at Waihi 

Whareama at Waiteko 

Wharemauku at Coastlands 

All the variables were plotted against each other separately. The Excel software 
package was used to construct a scatter plot and undertake a regression analysis to fit a 
linear regression line, and to calculate the regression equation and the coefficient o f  
determination (rZ). 

WelIif~gton Regional Council Resource Investigntions Deporhnent T~~hlt ical  Report 
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The r2 value infers how much association there is between two variables. The r2 
value is the square of the Pearson correlation coefficient (r) .  The closer the points 
between two variables are to forming a straight line, the closer r is to +1 or -1 and the 
easier it is to predict one variable from the other. If there is almost no association 
between two variables then r will be near zero. 

Regression goes a step further and provides an equation that analyses how a dependent 
variable is affected by the value of one or more independent variables. The linear 
regression analysis is performed using the method of least squares. 

Explanation of the regional variability of specific seven day MALF as shown on the 
contour map (Figure 2) was sought using catchment characteristics. Table 4 presents 
the Pearson correlation coefficients between specific seven day MALF and the 
catchment characteristics for the database of 34 catchments. 

Table 4: Pearson Correlation Coefficients 

Variable 7 day Rain Vegetation Hydrogeology Slope 
MALFIA (P) Index Index (s)  

(VEG) (H )  
7 day MALFIA 1 .OO 

Rain (R) 0.86 1 .OO 

VEG Index (VEG) 0.67 0.73 1.00 

Hydrogeology Index (H) 0.66 -0.67 0.56 1 .OO 

Slope (S) 0.73 0.79 -0.75 -0.78 1 .OO 

The most significant correlation was found to exist between specific 7 day MALF and 
R. Significant correlations are also evident between specific seven day MALF and 
VEG, Hand S. 

Regression lines for specific 7 day MALF against R, VEG, H and S are shown in 
Figures 3 to 6 respectively. As indicated by the Pearson correlation coefficients the 
variables provide a good relationship with specific 7 day MALF and the use of these 
variables in the prediction of specific 7 day MALF is valid. 

1000 1500 2000 2500 3000 3500 4000 4500 

Mean Annual Catchment Rainfall ( R )  (mm) 

Figure 3: Scatter Plot and Regression Line of R and Specific Seven Day MALF for 34 
Sites in Wellington Region 
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0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 
., % 

Vegetation Index (VEG) i 
1 

Figure 4: Scatter Plot and Regression Line o f  VEG and Specific Seven Day MALF for 34 
Sites in  Wellington Region 

1 
1 

Hydrogeology lndex ( H )  i 

Figure 5: Scatter Plot and Regression Line of H and Specific Seven Day MALF for 34 
Sites in  Wellington Region 

10 15 20 25 30 35 
Mean Slope (S) (degrees) 

Figure 6: Scatter Plot and Regression Line of S and Specific Seven Day MALF for 34 
Sites in Wellington Region i 
The catchment variables of specific seven day MALF, R, VEG, H and S for each s 
recorder catchment were entered into the Minitab Statistical computer package. A . i 

multiple regression analysis was undertaken with specific seven day MALF as the 
dependant variable. Using R, VEG, Hand S as the independent variables in various i i 
combinations a number of regression equations were calculated. -a 

! 

. .1 
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LEGEND : 

I Region 1 

I Region 2 

7 Region 3 

/ Riven and Streams 

Figure 7. Three initial regions for low flow estimation in WRC region 
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The best regression equation uses all four of the independent variables in the 
- calculation of specific seven day MALF. The resulting equation is: 

Specific 7 day MALF = 0.00395R - 0.68H- 0.21 VEG + 0.055s- 1.21 (1) 

expressed in ~ / s /k tn~ .  

Equation (1) is the regression equation for the whole of the Wellington Region. The 
equation has a rZ value of 0.75. Therefore the regression equation (1) explains 75 
percent of the variation in specific 7 day MALF. The remaining 25 percent of the 
variation is left unexplained. 

Although the relationship is good, in an effort to gain improved low flow estimation 
accuracy the entire Wellington Region is separated into different regions with separate 
regression equations. 

Initially three regions were defined as shown in Figure 7. These regions were 
determined to be in geographically similar areas. Regression equations were 
developed for the three regions. 

Region 3 (eastern Wairarapa) covers a vast area and it was felt that better definition 
needed to be achieved to gain an accurate regression equation to predict specific seven 
day MALF in the region. Figure 8 shows the regression line for specific seven day 
MALF against rainfall for Region 3. There are two distinct groupings and this 
justifies the splitting of this region in two to obtain greater accuracy in prediction of 
specific seven day MALF. 

i +Whanpaehu. Whereama, Kiwhala. Pahaoa gKopuaranga. Ruamahanga at Warnells 8Waihenga. Ruakokoputuna 1 
I I 

0 500 1000 1500 2000 2500 
Mean Annual Catchment Rainfall, R (mm) 

Figure 8: Region 3 Regression Between Rand Specific Seven Day MALF 

The correlation between the sites in Region 2 was not very high and this region also 
needed to be subdivided further. 

It was concluded that more accurate regional regression equations could be obtained 
by redefining the initial three regions into five regions as shown in Figure 9. The five 
regions are: 

Welli~rgfoo Regiotral Council Resource Znvesligaiio~zs Departrnerrt Teclrnical Reporl 
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A The west coast of the Wellington Region covering Wellington City and its 
southem coast through Porirua and Pukerua Bay to the Kapiti Coast. 

B The Tararua Ranges from the high peaks to the foothills ranging from the 
Waitohu and Ruarnahanga headwater catchments in the north to the 
Tauherenikau and Whakatikei catchments at the southern end. 

C The Rimutaka Ranges including the Mangaroa catchment. From the south 
coast to the junction of the Hutt and Pakuratahi Rivers. 

D The Wairarapa valley extending from the Kopuaranga catchment to the south 
coast and incorporating the Aorangi Ranges. 

E The eastern hill count~y from the Whangaehu and Whareama catchments in the 
north to south of the Pahaoa catchment. 

Of the five regions, Region E has the flattest regression line between specific seven 
day MALF and R indicating that stream flows relative to rainfall inputs are the lowest 
in the Wellington Region. 

Region B, the Tararua ranges and foothills, has the steepest regression lines between 
specific seven day MALF and R. 

Table 5 lists the regression equation derived for each region, its r2 value and the 
standard error of estimate (se) in l/s/km'. 

Table 5: Regional Regression Equations 

Region Regression rZ se 
Equation 

A Specific 7 day MALF =0.00707R- 0.275H - 0.75VEG + 0.198s - 8.43 .98 0.3 

B Specific 7 day MALF =0.00261R + 1.17H -5.45VEG + 0.395s + 1.2 .78 2.6 

C Specific 7 day MALF =0.00143R- 3.961-1 - 0. 41 VEG -0.306s + 19.2 .50 2.1 

D Specific 7 day MALF =0.00601R- 0.144H - 0.505s + 4.78 1.0 0 

E Specific 7 day MALF =0.00119R - 1.09H - 6.97VEG + 10.4 1.0 0 

Mean annual rainfall is the dominant factor controlling specific seven day MALF in 
the Wellington Region. In Region D VEG is not used as part of the regression 
equation. Similarly in Region E, S is not included as better correlation to specific 
seven day MALF is obtained without it. 

The standard error estimates are highest for Region B (2.6 L/s/kmz) and Region C (2.1 
L/s/krnz). The standard errors of specific seven day MALF calculated from measured 
flow are likely to be in the range of 10-20 percent so the regional regression equations 
are providing acceptable results. 

Wellingtorr Regional Council Resource I~~vestigatiorts Department Technical Report 
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7. Validating The Equations 

Table 6 shows the results of applying the regression equations to the catchments and 
catchment characteristics that were used in the regression equations derivation. 

The relationship between observed and predicted specific seven day MALF for all the 
five regions is shown in Figure 10. 

Table 6: Catchment Characteristic Values and Observed and Predicted Specific Seven 
Day MALF for all Catchments 

R(mm) H VEG S Actual Predicted 
Specific 7 Specific 7 

Day Day MALF 
MALF (Uslkm2) 

(Llslkm2) 

Region A 

Korokoro at Mill Weir 

Mill Creek at Papanui 

Pauatahanui at Gorge 1195 3.65 1.08 20.4 2.5 2.2 

Porirua at Town Centre 1409 2.18 0.73 13.84 3.1 3.1 

Taupo at Flax Swamp 1100 4.93 0.94 18.77 0.9 1 .O 

Wharemauku at Coastlands 1184 2.45 0.9 19.46 2.4 2.4 

Region B 

Akatarawa at Cemetery 2354 1.69 1.83 24.76 10.0 9.1 

Atiwhakatu at Mt Holdsworth 3681 1.39 1.75 32.54 13.2 15.7 

Hutt at Kaitoke 3842 1.25 1.95 32.27 16.7 14.8 

Mangaone at Ratanui 1271 1.61 1.35 25.05 9.5 8.9 

Otaki at Pukehinau 2922 1.67 1.79 31.9 17.9 13.6 

Ruamahanga at SH2 4252 1.26 1.54 29.77 17.5 17.1 

Tauherenikau at Gorge 3721 1.32 1.9 33.67 11.8 15.4 

Waikanae at Water Treatment Plant 1600 2.22 1.68 26.12 8.8 9.1 

Waingawa at Upper Kaituna 4424 1.22 1.65 34.65 18.5 18.9 

Waiohine at Gorge 4416 1.2 1.85 36.21 19.7 18.4 

Waitohu at Water Supply Intake 1750 1.1 1.74 30.87 9.2 9.8 

Whakatiki at Dude Ranch 1896 2.18 1.74 25 7.6 9.1 

Region C 

Big Huia at Dam 3536 1 2 36.1 7.6 8.4 

Hutt at Birchviile 2461 2.05 1.71 25.62 6.1 6.1 

Hutt at Taita Gorge 2528 1.98 1.46 24.47 6.7 6.9 

Mangaroa at Te Marua 1790 2.72 1.19 21.82 4.0 3.8 

Orongorongo at Dam 2987 1.49 2 30.03 10.7 7.6 

Orongorongo at Upper Dam Site 3044 2.17 2 24.57 5.4 6.6 

Pakuratahi at Truss Bridge 2456 1.27 1.89 31.61 6.3 7.2 

Wainuiomata at Manuka Track 2363 1.5 1.99 27.5 7.0 7.4 
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R(rnm) H VEG S Actual Predicted 
Specific 7 Specific 7 

Day Day MALF 
MALF (Uslkm2) 

(Llslkm2) 

Region D 

Kopuaranga at Palmers 1462 3.68 0.97 19.27 3.3 3.3 

Ruakokoputuna at lraia 2032 1 1.33 28.4 2.5 2.5 

Ruamahanga at Waihenga 1708 3.81 1.15 19.19 4.8 4.8 

Ruamahanga at Wardells 1636 4.11 1.08 17.06 5.4 5.4 

Region E 

Kaiwhata at Stansborough 1108 2.33 1.28 26.64 0.2 0.3 

Pahaoa at Hinakura 1275 3.25 1.15 21.41 0.3 0.4 

Whangaehu at Waihi 1204 3.92 0.99 24.75 0.6 0.7 

Whareama at Waiteko 1170 3.83 1.07 22.39 0.1 0.2 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 
Observed specific 7 day MALF (Ilslkrn2) 

Figure 10: Observed and Predicted Specific Seven Day MALF (Llslkrn2) for 35 
Wellington Region Catchments 
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Limitations 

It is possible that the mean annual rainfall isohyets compiled for the Region do not 
adequately account for the rainfall patterns in the Tararua ranges and possibly the 
Rimutaka ranges also. The isohyets were derived from rainfall data collected between 
1920 and 1971 and the rain gauge network of the ranges was very sparse. Rain gauges 
operated by the Council are showing differences between the documented mean 
annual rainfall isohyets and actual recorded data. 

The equations derived are only as good as the data used. Flow data is considered to of 
good to high standard. The mean annual rainfall is considered to be inaccurate in 
some areas. 

There is a lack of data record at some sites used for low flow analyses. For example, 
Waitohu and Mangaone have only four and five years of record respectively. A longer 
length of record is desired to get a better estimate of low flow characteristics. 

Not all recorder catchments in the Wellington Region could be used. Sites such as 
Taueru at Te Weraiti and Waipoua at Mikimiki are excluded as they are primarily used 
for flood forecasting and no emphasis is placed on collecting low flow data. 
Wainuiomata at Leonard Wood Park has been affected by upstream storage and 
abstraction for water supply purposes and is also excluded from the study. 

For derivation of a value for the hydrogeology index (H), the services of a 
hydrogeologist will provide better identification of rock types in the Region. 

The regression equations may be inaccurate in catchments that are fed by groundwater 
or have losses to groundwater. 
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9. Conclusions 

A contour map of specific seven day mean annual low flow (MALF) is useful for 
crude estimation of low flow characteristics for ungauged catchments. 

Based upon the variability shown in the contour map of specific seven day MALF the 
Region was divided into three regions and regression equations developed to predict 
specific seven day MALF from mean annual catchment rainfall and catchment 
characteristics. 

Further refinement of the initial three regression equations lead to the development of 
five regions each with a separate regression equation to predict specific seven day 
MALF from mean annual catchment rainfall and catchment characteristics. Figure 11 
provides a view of the five regions (A-E) and the regression equation assigned to each 
one. 

Standard errors of the equations compare well to standard error estimates of specific 
seven day MALF from measured flow data. 

1 

The best method for estimation of low flow in a catchment that is not monitored is to 
correlate low flow measurements in the ungauged catchment with simultaneous 
measurements in a physiographically similar catchment. Where this cannot be 
achieved due to a lack of gaugings or time available to undertake them, estimates of 
low flow through the use of regional equations, as presented here, can be derived. 

The work undertaken should be revisited and perhaps revised after longer lengths of 
data record have been collected at some sites throughout the region. Or, if the mean 
annual rainfall isohyets are updated. 
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Future 

Testing of the equations needs to be undertaken throughout the Region to assess their 
validity and to help redefine them in the future. 

It is recognised that this work will be superseded in the future when a proposed 
research study by NIWA looks to fully explore the effect various catchment variables 
have on stream flow. 

The equations should be revised when more data has been collected at current, or new, 
sites throughout the Region, or when mean annual rainfall mapping has been reviewed 
for the ranges. 
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Appendix 1 : 

Procedure for Estimation of Seven Day Mean Annual Low 
Flow (MALF) for an Ungauged Catchment 





Introduction 

This appendix describes how to estimate the seven day duration MALF for an 
ungauged catchment or for one with a data record that is inadequate for calculation of 
a reliable MALF value. 

Method 

(1) For a quick visual estimation interpret a value from the specific seven day 
MALF contour map (Figure 2, page 11). 

(2) To use the equations identify on Figure 9 (page 18) the region within which the 
catchment of interest belongs. If the catchment lies near the boundary of two or 
more regions proceed with calculating specific seven day MALF for each 
possible region. Once complete, comparing estimated specific seven day 
MALF with known values for nearby catchments may favour one region over 
the other. 

(3) From the set of regional regression equations (Table 5, page 17) identify which 
equation is to be used for the catchment in question. 

(4) From the regional regression equation identify which variables need to be 
determined. 

(5) Obtain the mean annual rainfall (R) in millimetres for the catchment by 
isohyetal analysis of the rainfall normal isohyets as follows. 

Overlay the catchment boundary with a map of mean annual rainfall isohyets 
as presented by the NZ Meteorological Service and use the isohyetal analysis 
method. The Council's GIS database contains the NZ Meteorological Service 
mean annual rainfall isohyets (1920-1970). 

Take the arithmetic mean for each isohyet band, e.g., for an isohyet band of 
1200-1400 mm the mean will be 1300 mrn. The catchment is divided up into 
sections determined by the isohyet lines as in Figure A1 where there are three 
sections. Determine the area of each in square kilometres. For example, in 
Figure A1 there is an area of 6 km2 in the 1500 mm band, 9.4 km2 in the 1300 
rnm band, and 8.5 km2 in the 1 100 mm band. 

The mean annual rainfall for the whole catchment is determined by multiplying 
the mean for each section by the area, summing the results, and dividing by the 
total catchment area. 



For example, as shown in Figure A1 the mean annual catchment rainfdl would 
be: 

Mean Annual W a l l  Isohyets 

Figure A l :  Catchment Boundaries overlain with Mean Annual Rainfall lsohyets 

(6) To obtain hydrogeology (H), vegetation (VEG), and slope (5') data access either 
the New Zealand Land Resource Inventory (NZLRI) sheets or the NZLRI data 
on the GIS database. 

For the inventories of Rock, Vegetation and Slope obtain the area of each 
descriptor within the inventories and record it as a percentage of the total 
catchment area. 

Hydrogeology index (H) values are obtained by first assigning the percentage 
area of each different rock descriptor to one of the eight hydrogeology classes, 
then multiplying the percentage area by the value of the hydrogeology class. 
Sum these all together and divide by 100 to obtain the areally weighted mean 
H for the catchment. 

Vegetation index (VEG) values are obtained from the vegetation inventory of 
the NZLRI. The percentage area of the catchment in the groups of grassland, 
scrubland and forest are determined. The percentage area of grassland is 
multiplied by 1, scrubland by 1.5, and forest by 2, then summed together and 
divided by 100 to obtain the areally weighted mean VEG for the catchment. 



Slope (5') values are derived by determining the percentage proportion of 
catchment area in each slope group as defined in the NZLRI: 

0-3' 
Flat to Undulating Rolling Strongly Moderately Steep Very 
gently rolling steep steep 

undulating 

The percentage proportion of catchment area in each group (A-G) is derived 
from NZLRI data on the GIs database, and S calculated as: 

(7) Substitute values for the independent variables in the regional regression 
equation to which the catchment belongs and obtain the specific seven day 
MALF estimate. 

Make a comparison with measured values in nearby gauged catchments. Where 
one or more equations were considered select the best one. 

(8) To obtain the seven day MALF in litres per second (Lls) simply multiply the 
calculated specific seven day MALF (in L/s/km2) by the catchment area (in 
la?). 

Example 

Find the seven day mean annual low flow for the Mangatarere Stream above the map 
reference S26:213268 that has a catchment area of 33.8 km2. 

Step 1: An estimation of a specific seven day MALF of between 11 and 12 L/s/km2 
is made from the contour map (Fig 2, page 11). To gain a figure for 7 day 
MALF, multiply by catchment area (33.8 km2). This equates to a MALF in 
the vicinity of 372-405 Lls. 

Step 2: From Figure 9 (page 18), the Mangatarere catchment belongs in Region B, 

Step 3: From Table 5 (page 17) the equation to be used is: 

specific 7 day MALF = 0.00261R + 1.17H - 5.45VEG + 0.395S+ 1.2 

Step 4: Variables needed: R, H, VEG, S 

Step 5: By isohyetal analysis R = 2319 mm 



Step 6:  H= 1.21 
VEG= 1.61 
S = 32.7 

Step 7: Apply Region B equation 

specific 7 day MALF = 12.81 l/s/km2 

Step 8: Multiply specific seven day MALF by catchment area (33.8 km2) to obtain 
seven day duration mean annual low flow of 433 L/s. 



Appendix 2: 

Rock Type Descriptors From NZLRl for the Wellington 
Region and Corresponding Hydrogeology Classes 





Rock Type Hydrogeology 
Class 

Ac (Argillte Crushed) 

Al (Fine Alluvium) 

Ar (Argillite) 

Cg (Conglomerate and Breccia) 

Gr (Gravels) 

Gw (Greywacke) 

La (Lahar deposits) 

Li (Limestone) 

Lo (Loess) 

Mb (Mudstone or fine siltstone - banded) 

Me (Mudstone - bentonitic) 

Mj (Mudstone or fine siltstone -jointed) 

Mm (Mudstone or fine siltstone - massive) 

Pt (Peat) 

Sb (Sandstone or fine siltstone - jointed) 

Sm (Sandstone or coarse siltstone - massive) 

Us (Unconsolidated sands and gravels) 

Wb (Windblown sand) 

Hydrogeology Infiltration capacity, water storage 
Class capacity, and transmissibility 

8 Very high 

7 Medium high 

6 High 

5 High medium 

4 Medium 

3 High low 

2 Low 

1 Very low 




