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1 Introduction 

Environment Southland (ES) currently use the first version of the River Environment 

Classification (REC; Snelder and Biggs, 2002) as a tool to assist with land and water regulation 

and management within the region (herein referred to as REC1). The spatial framework for 

the REC is digital representation of the river network that was derived from 1:50,000 scale 

contour maps. The network represents New Zealand’s rivers as ~590,000 segments 

(delineated by upstream and downstream confluences), each of which is associated with a 

sub-catchment. The digital network represents the rivers and streams of the Southland region 

as ~65,000 river segments and associated sub-catchments.  Each REC1 segment is 

described by a four of categories that represent characteristics of the catchment upstream of 

the segment and two categories that represent the segment itself. 

Recently, a new version of the digital network (referred to as REC3) has been produced for 

Southland.  However, REC3 does not include any descriptive categories for the new network.  

The purpose of this document is to describe the methodology used to derive the first three 

descriptive categories of the REC (i.e., Climate, Source-of-Flow and Geology; Snelder and 

Biggs, 2002) for the new REC3 network for Southland. These categories have been 

incorporated as attribute fields in GIS shapefiles that have been provided to ES.  

The REC3 network is discretised at a finer scale than the original REC1 network, an defines 

almost four times more watersheds.  The differences in spatial resolution mean that a pure 

spatial match with the REC1 network will potentially not correctly represent the upstream 

characteristics of the catchment defined by the Climate, Source of Flow and Geology classes.   

The methods used to derive the original REC categories are outlined in Snelder et al. (2004).  

However, the exact datasets and algorithms used to define these categories were not 

available and our derivation of the categories for REC3 relied on new data and implementation 

algorithms.  We therefore evaluated differences in the assignment of categories to segments 

that were associated purely with implementation (rather than the differences in the spatial 

resolution of the digital networks). Therefore, this report presents comparisons of the 

categorisations provided with REC1 against those that we have derived for REC1 using our 

own algorithms and datasets. 

2 Data 

2.1 Drainage network and watersheds 

For both the REC1 and REC3 networks we used shapefiles that described both the network 

segments, as well as the associated subcatchments.  In addition, for REC1 we also used the 

complete set of original classifications, as described by Snelder et al (2004). 

2.2 DEM 

A digital elevation model, with 8m resolution, of the region was provided by the ES (Figure 1). 
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Figure 1: Digital elevation model of Southland. 

2.3 Geology 

Geology information describing both the “TopRock” and “BaseRock” was obtained from the 

New Zealand Land Resource Inventory (LRI) database, and converted to a simplified geology 

definition (Figure 2), following a conversion table provided in Snelder et al. (p103, Table 2.5, 

2004).  We note that the LRI did not include spatial coverage of Stewart Island. 
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Figure 2: Simplified geology used for the REC Geology categories.  Data was sourced from 

the LRI database and converted to a simplified geology following Snelder et al. (2004) 

2.4 Climate 

Climate data was provided as raster files of mean annual rainfall and Penman evaporation 

from NIWA (Whitehead, pers. comm.). Based on subsequent analysis, these files do not 

appear to be the original layers used to define the REC climate classes but provide 

comparable representation of these climate variables. Because the whole region is 

categorised as Cold in the REC1 classification, we did not need to perform any analysis for 

temperature. 
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Figure 3: Mean average rainfall and penman evaporation (mm/yr). 

3 Method 

3.1 Pre-processing 

3.1.1 Calculating slope 

A raster layer of slope for the region was derived from the DEM by using the Slope processing 

tool from the QGIS raster terrain analysis processing library. This resulted in a raster of the 

same precision as the DEM representing average raster cell slope.  Although ES provided a 

raster of slope, it did not cover the full extent of the DEM, hence this additional step was 

undertaken 

3.1.2 Assigning mean characteristics to watersheds 

The mean rainfall, evaporation, elevation and slope for each of the REC3 and REC1 

watersheds was calculated in QGIS using the Zonal Statistics tool, providing additional 

attributes to the REC3 and REC1 watershed shape files. Watershed effective rainfall was 

evaluated as the annual rainfall minus the penman evaporation.   

3.1.3 Deriving upstream average characteristics 

An algorithm was coded in the R programming language that accumulated segment watershed 

attributes down the network, by working sequentially from the most upstream reaches through 

to the catchment outlets by passing information from upstream to downstream segments. This 

process can also be used to determine upstream averaged characteristics, by weighting 

segment attributes by watershed area then dividing by accumulated upstream area.  

The mean slopes, elevations (as described in section 3.1.2) and effective rainfall were 

imported from QGIS into R, and joined to data sets describing each of the REC1 and REC3 
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networks for Southland.  We then employed the weighted average accumulation process 

described above to determine upstream catchment average elevation, slope and effective 

rainfall for each network segment of REC1 (identified by nzreach ) and REC3 (identified by 

nzsegment). 

3.2 Source-of-Flow 

The Source-of-Flow category (herein referred to as SoF) for REC1 includes five main 

categories describing the dominant topographical characteristic of the catchment of each river 

segment. The first three categories were originally determined for REC1 using topography and 

rainfall data:  

“The rainfall surface was divided into elevation bands and for every river section the 

percentage of the total rainfall volume occurring in each band was calculated. The river 

sections were then classified by examining the elevation at which 50% of the 

cumulative rainfall fell (see Figure 2.7). If 50% fell at 400 m or lower, the river section 

was categorised as Low-Elevation [L], if the elevation was between 400 and 1000 m 

then the section was categorised as Hill [H] and if it was greater than 1000 m then the 

river was categorised as Mountain [M].” (p. 100, Snelder et al. 2004). 

Two further categories were also defined: glacial mountains [GM] and lake fed [Lk].  Glacial 

mountains were defined as areas categorised as M but which had >1.5% cover of permanent 

ice.  “An index of lake influence was calculated taking into account both the size of the lake 

itself and volume of water passing through the lake in relation to the total volume coming from 

the catchment” (p. 101, Snelder et al. 2004). A threshold level of the index was defined and 

sites with and index greater than this threshold were attributed to the Lk category. 

Given the strong relationship between elevation and rainfall within the region, as well as the 

potential for variability in the rainfall surface we used compared to the original version of the 

REC, we explored whether we could approximate the SoF categories of REC1 using only fixed 

characteristics of the REC1 catchments, namely: upstream mean elevation, upstream mean 

slope and upstream catchment size. We examined the distribution of the REC1 SoF categories 

relative to these variables and derived a relationship to define new thresholds for the definition 

of the first three SoF categories that minimises the total area with a difference in classification 

between the original and new SoF categories for REC1. For the Lk and GM categories, we 

used the classifications as defined by REC1.   

We applied the same approach for developing a SoF classification for REC3.  However, it was 

necessary to revisit the thresholds, as the calculated mean elevations and mean slopes were 

different in REC3, due to the finer spatial resolution of the watersheds and the non-linear 

distribution of elevation.  In order to do this, we associated each REC1 network segment with 

the overlapping REC3 network segment with the largest upstream area. We then attributed 

the REC3 catchment characteristics to all REC1 segments and repeated the optimisation 

procedure described above to determine a relationship to use for REC3 to estimate the first 

three SoF categories. REC3 watersheds that were dominated by REC1 watersheds that were 

defined as GM, were categorised as ‘GM’. To determine REC3 watersheds to be categorised 

as Lk, we first intersected a shapefile of lakes in the region (a subset of the LRI database) with 

the REC3 watersheds and identified these watersheds as LAKE = 1, and for all other 

watersheds, LAKE = 0.  We then accumulated the LAKE attribute down the Southland REC3 

network to identify locations that were hydrologically downstream of a lake.  We then identified 

REC3 watersheds that intersected any REC1 watersheds that were categorised as Lk.  REC3 
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watersheds that were both downstream of lakes and intersected REC1 Lk watersheds were 

classified as Lk. 

3.3 Geology 

Each watershed (both REC1 and REC3) was assigned a geology class, based on the 

dominant geology of the watershed.  Following Snelder et al (2004), where the TopRock type 

was Miscellaneous then the BaseRock type was used.  Although Snelder et al (2004) state 

that the same procedure should be conducted for Alluvium, we found that excluding this step 

led to a greater agreement between the new and original REC1 Geology classification.  Using 

the weighted area accumulation algorithm, we determined the percentage of upstream area 

for each type of the simplified geology classes.  If Soft-Sedimentary rock type exceeded 25% 

then the river section was categorised SS, otherwise the river section was classed according 

to the rock type that had the greatest extent (following Snelder et al. 2004). 

3.4 Climate 

The REC documentation provides effective rainfall thresholds to distinguish three rainfall 

classes: <500mm = D (dry); 500-1500mm = W (wet); and >1500 – X (extremely wet).  As the 

climate data was not the same dataset used to determine the original classes, it was 

necessary to re-evaluate these thresholds for both the REC1 and REC3 Climate categories. 

We examined the distribution of the REC1 climate categories (including examining whether 

the thresholds varied with stream order) to define new thresholds for the definition of the 

climate categories that minimised the total area with a difference in classification between the 

original and new climate categories.  We then re-examined these thresholds for use with the 

REC3 network, by pairing REC3 segments to each REC1 segments (following the same 

approach described in Error! Reference source not found.) to derive appropriate thresholds 

for the REC3 climate categories. 

3.5 Comparisons between old and new classifications 

Due to topological issues with the REC1 and REC3 watershed shapefiles, it was not possible 

to intersect the two watershed definitions.  Hence, to determine the overlapping areas, we 

turned the shapefiles into coincident 30m rasters of the nzsegment and nzreach values.  

These rasters were imported into R, where subsequent comparison was performed.  We 

generated a summary table of the area of overlapping nzsegment and nzreach watersheds.  

We then joined to the table both the original and new REC1 SoF classification, as well as the 

REC3 SoF classification.   

We compared the categorisations between each of the new REC1 and REC3 categories 

against the original REC1 categorisation.  For comparisons between REC1 and REC3, we 

determined the fraction of each REC3 watershed that differed from the REC1 categorisation.  

We also determined which REC1 watersheds differed between the new and original 

categorisations.  This information was presented in map format. We also generated a 

confusion matrix to compare pairs of categorisations.  Each cell of the matrix includes the sum 

of the areas (expressed as a percentage of the total of the region area) associated with each 

possible pair of categories.  A perfect match between a pair of categorisations would be 

indicated by non-zero values only appearing in the main diagonal of the confusion matrix. 
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4 Results 

4.1 Pre-processing 

4.1.1 Slope 

The slope derived in QGIS from the DEM is shown in Figure 4. 

 

Figure 4:Derived raster of slope. 

4.1.2 Watershed mean characteristics 

The derived watershed (local) mean elevation, mean slopes and mean effective rainfall for 

both REC1 segments and REC3 segments are shown in Figure 5, Figure 6 and Figure 7. 
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REC1 REC3 

  

Figure 5: Mean watershed slope for both REC1 and REC3. 

REC1 REC3 

  

Figure 6: Mean watershed elevation for both REC1 and REC3. 
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REC1 REC3 

  

Figure 7: Mean watershed effective rainfall for both REC1 and REC3. 

4.1.3 Upstream average characteristics 

The derived upstream catchment mean elevation, mean slopes and effective rainfall for both 

REC1 and REC3 are shown in Figure 8, Figure 9 and Figure 10. 
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REC1 REC3 

  

Figure 8: Mean catchment elevation for both REC1 and REC3. 
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REC1 REC3 

  

Figure 9: Mean catchment slope for both REC1 and REC3. 

REC1 REC3 

  

Figure 10: Upstream catchment effective rainfall for both REC1 and REC3. 
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4.2 Source of Flow 

In order to develop a simplified SoF classification, we explored the relationships between the 

original SoF classification and: mean catchment slope, mean catchment elevation (Figure 11), 

and catchment size (here, shown using stream order as a proxy; Figure 12).  We found that 

most of the variation in classes could be explained by mean catchment elevation, and that 

there was little to no relationship with mean catchment slope.  When the distribution of mean 

catchment elevation for each SoF class was further subdivided by stream order (which is 

linearly related to the log10 of the catchment area), we found that this subdivision further 

contributed to the explanation of variation of the SoF classes.  Specifically, we found that the 

mean catchment elevation threshold between the L and H categories increased with stream 

order (Figure 12).  As such, we chose to optimise the L/H and H/M thresholds for each stream 

order level, in order to define a new SoF classification. The optimisation was based on the 

minimisation of the watershed areas that were misclassified. 

 

Figure 11: Scatter plot of mean catchment elevation versus mean catchment slope, with 

colours indicating original REC1 Source-of-Flow classification. 

 

 

Figure 12: Boxplots of mean catchment elevation by REC1 SoF class and stream order. 
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To define the thresholds used in the REC3 classification, we first paired each REC1 watershed 

with the REC3 watershed that (1) overlapped the REC1 watershed and (2) had the largest 

upstream catchment area of the overlapping REC3 watersheds.  In this way, we were able to 

define a pairing (i.e., a spatial join) of the REC3 to the REC1 network. We then repeated the 

optimisation procedure described above, using the REC3 versions of stream order and 

upstream mean elevation, to define the L/H and H/M elevation thresholds to be used for the 

REC3 SoF classifications. 

Maps demonstrating the original REC1 SoF classification as well as the REC3 SoF 

classification are shown in Figure 13.  Maps demonstrating the distribution of the differences 

between the original REC1 SoF classes and (1) the new REC1 SoF classes and (2) the REC3 

SoF classes, are shown in Figure 14.  Confusion matrices demonstrating the concordance 

between the original REC1 SoF classes and (1) the new REC1 SoF classes and (2) the REC3 

SoF classes, are shown in Table 1 and Table 2.   

Overall, there was a 97.1% spatial agreement between the original and new REC1 SoF 

classes, and an 88.4% spatial agreement between the original REC1 and REC3 SoF classes.  

Most of the differences between the SoF classes occurred at the boundaries between classes, 

and along the margins of main stem rivers (as demonstrated in a close up in Figure 15). This 

second feature is largely associated with the finer spatial resolution of the catchment 

delineation in the REC3 network, where all local watersheds are much smaller in REC3 

compared to REC1.  Main stems are often highlighted by the categorisations that reflect 

upstream catchments that are different compared to their local categories.  Because the REC3 

watersheds are smaller, the area associated with the watersheds of main stems is smaller, 

and there tends to be a difference between the REC1 and REC3 categories along the main 

stem margins. The disagreement between REC1 and REC3 is therefore partly driven by the 

differences in spatial resolution rather than “errors” in the assignment of categories. 

 

Figure 13: Source-of-Flow classification for REC1 (original, left) and REC3 (derived, right) 
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Figure 14: Differences between original REC1 Source-of-Flow classes and the derived 

REC1 classes (left) and the derived REC3 classes (right).  The scale on the right-hand 

picture indicates the fraction of the REC3 watershed that has the same (original) class 

as the coincident REC1 watershed. 

 

Table 1: Confusion matrix demonstrating concordance between the original REC1 Source-

of-Flow classes and the new REC1 Source-of-Flow classes.  Cells indicate area as a 

percentage of the entire region. 

 REC1 original SoF class 

GM H L Lk M 

R
E

C
1

 n
e

w
 S

o
F

 

c
la

s
s
 

GM 1.23 NA NA NA NA 

H NA 34.30 0.66 NA 0.93 

L NA 0.73 42.91 NA NA 

Lk NA NA NA 4.29 NA 

M NA 0.62 NA NA 14.32 
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Table 2: Confusion matrix demonstrating concordance between the original REC1 Source-

of-Flow classes and the REC3 Source-of-Flow classes.  Cells indicate area as a 

percentage of the entire region. 

 REC1 original SoF class 

GM H L Lk M 

R
E

C
3
 S

o
F

 c
la

s
s
 GM 1.11 0.06 0.01 0.00 0.08 

H 0.04 28.98 2.10 0.20 1.32 

L 0.01 2.26 40.73 0.20 0.08 

Lk 0.00 1.60 0.55 3.87 0.28 

M 0.09 2.68 0.02 0.05 13.67 

 

   

Figure 15: Close up example of variation between the REC1 (left) and REC3 (right) 

watersheds coded by their Source-of-Flow classes.  Watersheds are outlined in grey 

and the river networks shown in blue. 

 

4.3 Geology 

Maps demonstrating the original REC1 Geology classification as well as the REC3 Geology 

classification are shown in Figure 16. Maps demonstrating the distribution of the differences 

between the original REC1 Geology classes and (1) the new REC1 Geology classes and (2) 

the REC3 Geology classes, are shown in Figure 17. Confusion matrices demonstrating the 

concordance between the original REC1 Geology classes and (1) the new REC1 Geology 

classes and (2) the REC3 Geology classes, are shown in Table 3 and Table 4.   
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Overall, there was a 98.3% spatial agreement between the original and new REC1 Geology 

classes, and a 91.4% spatial agreement between the original REC1 and REC3 Geology 

classes. 

 

Figure 16: Geology classification for REC1 (original, left) and REC3 (derived, right) 
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Figure 17: Differences between original REC1 Geology classes and the derived REC1 

classes (left) and the derived REC3 classes (right).  The scale on the right-hand 

picture indicates the fraction of the REC3 watershed that has the same (original) class 

as the coincident REC1 watershed. 

 

Table 3: Confusion matrix demonstrating concordance between the original REC1 Geology 

classes and the new REC1 Geology classes.  Cells indicate area as a percentage of 

the entire region. 

 REC1 original Geology class 

Al HS M Pl SS VB 

R
E

C
1

 n
e

w
 G

e
o

lo
g

y
 

c
la

s
s
 

Al 15.61 0.10 0.17 0.02 0.07 0.01 

HS 0.05 21.16 0.02 0.00 0.01 0.00 

M 0.00 0.00 0.99 NA 0.02 NA 

Pl 0.00 0.08 0.18 35.12 0.00 0.00 

SS 0.14 0.26 0.44 0.05 21.00 0.04 

VB 0.00 0.02 NA 0.01 NA 4.42 

 

 

Table 4: Confusion matrix demonstrating concordance between the original REC1 Geology 

classes and the REC3 Geology classes.  Cells indicate area as a percentage of the 

entire region. 



 

 Page 22 of 25 

 REC1 original Geology class 

Al HS M Pl SS VB 

R
E

C
3
 G

e
o

lo
g

y
 c

la
s

s
 

Al 14.16 1.16 0.17 0.46 1.47 0.18 

HS 0.57 19.58 0.07 0.21 0.26 0.13 

M 0.19 0.09 0.74 0.02 0.10 0.00 

Pl 0.29 0.28 0.69 33.93 0.35 0.07 

SS 0.57 0.36 0.11 0.22 19.00 0.11 

VB 0.07 0.18 0.01 0.09 0.09 4.03 

 

4.4 Climate 

We examined the distribution of the catchment effective rainfall within each of the REC1 

climate classes.  We found that the threshold between the dry and wet classes appeared to 

generally be lower than that described with the climate classification method in Snelder et al. 

(2010).  Further, when the REC1 segments were further subdivided my stream order, the 

threshold appeared to decrease as stream order increased Figure 12.  There was a less 

consistent pattern to the variation in the threshold between the wet and extremely wet classes.  

We therefore optimised both thresholds for each stream order level in order to minimise the 

misclassification rate.  Incorporating the stream order increased the total percentage area for 

the REC1 network that was correctly classified from 94% to 98%.  We similarly re-evaluated 

the threshold for the REC3 classification, following the method described in section 3.4. 

 

Figure 18: Boxplots of catchment effective rainfall by REC1 climate class and stream order. 

 

Maps demonstrating the original REC1 Climate classification as well as the REC3 Climate 

classification are shown in Figure 16. Maps demonstrating the distribution of the differences 

between the original REC1 Climate classes and (1) the new REC1 Climate classes and (2) 

the REC3 Climate classes, are shown in Figure 17. Confusion matrices demonstrating the 

concordance between the original REC1 Climate classes and (1) the new REC1 Climate 

classes and (2) the REC3 Climate classes, are shown in Table 3 and Table 4.   
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Overall, there was a 97.2% spatial agreement between the original and new REC1 Climate 

classes, and a 93.8% spatial agreement between the original REC1 and REC3 Climate 

classes. 

 

Figure 19: Climate classification for REC1 (original, left) and REC3 (derived, right). 
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Figure 20: Differences between original REC1 Climate classes and the derived REC1 

classes (left) and the derived REC3 classes (right).  The scale on the right-hand 

picture indicates the fraction of the REC3 watershed that has the same (original) class 

as the coincident REC1 watershed. 

Table 5: Confusion matrix demonstrating concordance between the original REC1 Climate 

classes and the derived REC1 Climate classes.  Cells indicate area as a percentage of 

the entire region. 

 REC1 original Climate class 

CD CW CX 

R
E

C
1
 

n
e
w

 

C
li

m
a
te

 

c
la

s
s
 CD 24.91 1.78 0.01 

CW 0.54 35.38 0.30 

CX NA 0.16 36.93 

 

Table 6: Confusion matrix demonstrating concordance between the original REC1 Climate 

classes and the new REC3 Climate classes.  Cells indicate area as a percentage of 

the entire region. 

 REC1 original Climate class 

CD CW CX 

R
E

C
3
 

C
li

m
a
te

 

c
la

s
s
 CD 24.59 2.72 0.06 

CW 1.06 33.40 0.86 

CX 0.04 1.47 35.79 

 

5 Conclusion 

This report describes the definition of categories of the first three hierarchical levels of the 

REC (i.e., Climate, Source-of-Flow and Geology) for new high spatial resolution digital network 

representing Southland known as REC3. Differences in input data and spatial resolution of 

the digital network that REC3 is based on compared to the original REC network mean that 

there are some differences in the allocation of geographic locations to Climate, Source-of-

Flow and Geology categories. These differences are minor and are generally associated with 

small differences in the spatial location of transitions from one category to another. However, 

if REC3 is used to replace REC1 as a basis for regulation, their impact will need to be 

considered. It is important to recognise that REC categories are arbitrary subdivisions of 

continuously varying gradients and as such there is no “correct” assignment of a location to a 

category. Differences between REC3 and REC1 should not therefore be regarded as errors 

but as illustrations of arbitrary nature of subdividing gradients into categories. 
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