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Abstract
Winter grazing of forage crops is a key land-use in 

southern New Zealand, providing important feed 

managed well, potentially resulting in soil degradation 

and nutrient losses. We hypothesised that analysing an 

existing time series of winter-forage maps, derived from 

satellite imagery could be used to identify how often 

paddocks are re-used for winter forage. A pilot study 

was undertaken to explore the practicality and utility 

of this new method by examining maps derived from 

satellite images of the Gore-Mataura area, Southland 

taken in 2013, 2014, 2017, and 2018. Within the study 

site (67,618 ha), 8925 ha was classed as winter forage 

of this area was used in only one of the four years, and 

just 1% in three or four years. High-certainty class pairs 

for 2013/14 and 2017/18 show two consecutive years 

of winter forage in the same paddock, 31% or 21% 

of the time, respectively. These winter-forage crops 

were generally grown on Brown soils (63%), followed 

by Pallic and Gley soils. Although, this study was 

limited by differences in the mapping methodologies 

of the source maps, it nonetheless demonstrated that 

potentially valuable data can be derived. It showed a 

low level of repeat use of paddocks for winter forage 

grazing over all the years studied, and that Brown 

soils are more commonly used for winter forage than 

previous studies suggested.

 

Keywords: Forage crop, winter feed, brassica, nutrient 

loss, water quality, catchment.

Introduction
Winter-forage cropping and grazing by break feeding 

high-risk land-management practice in New Zealand 

because it can result in soil structural degradation, 

nutrient leaching losses and sediment losses (McDowell 

et al. 2003a; Drewry & Paton 2005; Houlbrooke et 

al. 2009; Monaghan et al. 2017; Thomas et al. 2019). 

Crops including kale (Brassica oleracea), swedes (B. 

napus), turnips (B. rapa), rape (Brassica napus spp. 

biennis), fodder beet (Beta vulgaris), and some cereals 
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(e.g. oats Avena sativa) are commonly used as winter-

grazed forage crops in southern New Zealand (Drewry 

& Paton 2005; Smith et al. 2012; Pearson et al. 2016; 

Carey et al. 2017).

Risk of sediment loss increases when vegetation 

research, Manaaki Whenua – Landcare Research 

the most winter-forage cropping in hill country, as a 

percentage of all hill-country agricultural land in 2018 

(Belliss et al. 2019). As part of the Essential Freshwater 

policy development processes and this national 

for sediment runoff (Belliss et al. 2019). Winter-

Southland is also considered a risk to waterways due 

to high nitrate loads from leaching (Smith et al. 2012). 

Risk of nitrate leaching losses increase when soils are 

shallow (e.g. <45 cm to gravel), as these soils generally 

have low available water-holding capacity (Smith 

et al. 2012; Carrick et al. 2013). There is a need to 

better understand potential risks associated with soil 

types, soil characteristics such as drainage, and other 

factors for nutrient and sediment movement. In future, 

combining this information with paddock-scale land-

use data in Southland should improve understanding 

and modelling of potential environmental impacts to 

water quality.

A pilot study of paddock-scale mapping of winter-

forage grazing undertaken in 2013 (North et al. 

unpublished report) and subsequent mapping across 

the whole of Southland in 2014 (North & Belliss 2015) 

were used to evaluate potential impacts and policy 

implications of the Southland Water and Land Plan 

proposed in 2016. Pearson et al. (2016) recommended 

that further work was needed in the future to assess the 

extent of winter-forage cropping in Southland over an 

extended time period to help reduce uncertainty around 

the implications of possible policy changes.

We have found few studies exploring the effect 

of repeated use of individual paddocks for winter 

forage. Judson et al. (2010) noted that paddocks used 

repeatedly may be subject to cumulative damage, 

Research article



130

whereas if cropped just once as part of a pasture 

renewal programme, the soil damage could be seen 

as short term. Smith et al. (2012) showed increased 

annual nitrate losses from successive winter-grazed 

crops. In contrast, Monaghan et al. (2017) did not 

or pore size distribution across three consecutive 

years of forage grazing. Here, we use a study site 

in eastern Southland agricultural hill country and 

in any one year and the incidence re-cropping and 

therefore re-grazing of individual paddocks. We also 

characteristics within the winter cropped areas to help 

inform future research.

Materials and Methods 

Overall approach

We investigated a time series of existing winter-forage 

maps for eastern Southland for the years 2013, 2014, 

2017, and 2018 for a case-study site of 32 km by  

32 km, around the Gore-Mataura area. For over a 

decade, MWLR has been developing and improving 

methods to map agricultural land-use and crop type 

using satellite imagery, and the winter forage maps 

used in this work were originally generated by MWLR 

in separate projects for several organisations. Thus, 

different methods and slightly different sets of output 

classes were used on each occasion. These are outlined 

below. For time series analysis, it would clearly be 

preferable to have complete consistency among all 

source maps. However, the dataset used here is the only 

example of which we are aware of existing paddock-

series over any one area of New Zealand. Thus, it 

presents an opportunity to derive preliminary multi-

dataset and analysis method for future reference.

Winter-forage source maps

The features of the four winter-forage maps used in 

methods and results for each source map reside in 

reports for the relevant client so a summary of the 

overall approach used in producing such maps is 

provided here. In general, a March to September 

time series of satellite imagery is used for each map, 

from full-leaf cover of the forage crop in autumn to 

increasing bare ground during winter and early spring. 

series of rules is applied to identify expected temporal 

patterns of vegetation removal.

from SPOT satellites (4 spectral bands, 10-m spatial 

resolution) and the Landsat satellite series (7 bands, 

30-m spatial resolution) and, more recently, from 

Sentinel-2 (13 spectral bands, 10-m spatial resolution). 

For each project, images were selected to obtain 

geographic and temporal coverage, with heavily cloud-

affected images excluded. Remaining cloud, shadow, 

and snow were masked out, using methods progressing 

from manual processing in earlier years (e.g. 

delineation of cloud by visual assessment) to a more 

automated process in later years. Non-agricultural land 

was also masked out, with methods also progressing 

to GIS analysis of NZ Land Cover Database and 

Department of Conservation data layers. In most cases, 

the method of North et al. (2019) was used to delineate 

paddock polygons, so that the winter-forage map could 

be derived and presented as a GIS layer, rather than a 

raster (per-pixel) result.

Map processing 

For this paper, all four results were clipped to the 

original 2013 study area. The bounding box of this area 

is 32 × 32 km, but it is an irregular-shaped quadrilateral 

corresponding to the joint coverage of the three SPOT 

quarter-scenes used in 2013 that covers 67,618 ha. Each 

of the four maps used a slightly different set of land-

cover/land-use classes due to factors including client 

at the time, and progress in mapping methods. One key 

difference is that the SPOT and Landsat imagery used in 

the earlier years provides poor discrimination between 

brassica and fodder beet, and the latter is expected 

to be lumped with the former. In contrast, Sentinel-2 

imagery provides much improved discrimination 

between these two classes, as well as between pasture 

and winter-forage oats. From each of the four maps 

we have extracted the classes most likely to be winter-

forage grazing or pasture grazed to bare soil using a 

simple Arc model that was written to select polygons 

based on their land-use class attribute (attribute names 

vary across the four maps). Geoprocessing was carried 

out using ESRI ArcMap version 10.2.1. The selected 

classes are shown in Table 2.

Frequency classes

We estimated the frequency with which winter forage 

occurred throughout the four years based on the winter-

forage paddock maps described above. Although the 

data series spanned six years from 2013 to 2018, maps 

only existed for four of those (years 2015 and 2016 

have not been mapped), so our frequency values do 

not represent the true proportion of years grazed out of 

six, but indicate the minimum occurrence of repeated 

paddock use. The area for each of the frequency classes 

was calculated as follows:
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Table 1 Information regarding the four winter-forage source maps used in this study

                                   Year   

Details 2013 2014 2017 2018

Reference Unpublished contract  North and Belliss Unpublished Belliss et al. (2019)

 report1 (2015) contract report2

 32 km × 32 km study area   whole of New Zealand

Satellite imagery SPOT-5  Landsat Landsat and Sentinel-2 Sentinel-2

No. images obtained from 3 10 10 Sentinel-2 4

March to September   9 Landsat-8

Results obtained  Both raster and vector Raster (per-pixel)  Vector (per-paddock) Vector (per-paddock)

  result only result result for steeper land

Result used Multi-temporal Raster result converted  Vector (per-paddock) Same method applied to

    in the study site

1 North H, Belliss S, Pairman D. 2014. Mapping winter livestock forage in Southland. [Landcare Research Contract Report LC1785 for Environment 
Southland]. Lincoln: Landcare Research, 36 p. 

2 North H, Belliss S, Pairman D. 2018. Winter livestock forage map: Southland region 2017. [Landcare Research Contract Report LC3179 for Environment 
Southland]. Lincoln: Landcare Research, 26 p. 

Table 2 Comparison of winter-forage class names and certainties

                                                                           Class(es) 

Year Higher certainty Lower certainty

2013 Brassica grazed to bare soil by July/September Brassica throughout period, late-planted brassica, pasture  

  grazed by July, lower probability brassica and pasture

2014 Winter forage (likely swede or brassica)  Low-certainty swede or brassica, low-certainty cereal forage

 Winter forage (possibly cereal) 

2017 Winter forage kale or other brassica/swede,  Unknown winter grazing, other winter grazing

 fodder beet, cereal

 grazed to bare soil, followed by manual checking step

1. Winter-forage frequency for the 2013/2014 pair:  

(a) counting only the high-certainty mapped cases; 

(b) counting both the high-certainty and low-certainty 

cases. Values can be 2 (both years), 1 (one year or the 

other) or 0 (neither year).

2. Winter-forage frequency for the 2017/2018 pair: 

same as described for the 2013/2014 pair.

3. Winter-forage frequency across all four map dates: 

(a) counting only the high-certainty mapped cases; 

(b) counting both the high-certainty and low-

certainty cases. Values can be 0 (never winter forage), 

1 (forage in one year only), 2 (forage in any two 

years), 3 (forage in any three years), or 4 (forage in 

all four years).

Soil order and drainage class

(Hewitt 2010), and soil drainage class data were 

obtained from the MWLR digital soil mapping system, 

S-map (https://doi.org/10.7931/L1WC7) (Lilburne et 

al. 2012). Further information on soil drainage class 

is available elsewhere (Milne et al. 1995). The soil 

– (Lilburne et al. 2012), drainage code and soil order 

were extracted from S-map and, where S-map was 

not available, were obtained from the MWLR digital 

Fundamental Soil Layer (FSL; https://lris.scinfo.org.

nz/search/?q=FSL). Summary statistics for soil order 

and drainage class were generated for all winter-forage 

crop areas that were classed as high certainty.
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Results
Time-series analysis 

Results of the time-series analysis and data extraction 

for each of the four years are shown in Table 3, with 

the area in winter forage for different frequency classes 

in Table 4.

The data in Table 3 indicated an apparent decreasing 

trend in total winter-forage area if the high- and low-

certainty classes are combined. However, the area 

to zero ha over the study period due to improved image 

certainty was included for the remainder of this work 

even though this approach may have led to a slight 

underestimate of area in some years.

winter-forage cropping across the four years mapped 

(7548 ha) was used in only one of the four years, a 

further 14% (1285 ha) in any two of the years, and 

only 1% (92 ha) used in three or four of the years. Note 

that the years in forage cropping are not necessarily 

consecutive. 

The winter-forage frequency based on high-

certainty classes only in the 2017/2018 images is shown 

in Figure 1. This pair and the 2013/14 pair (Additional 

Online File) also provide an indication, in a subset of 

the data, of how often winter forage occurs in the same 

paddocks in consecutive years, but only for each pair 

due to the 2015/2016 gap. For example, of the 1991 

ha of high-certainty winter forage in 2013, there were 

618 ha that were also re-cropped in that second year of 

the pair (31%; Tables 3 and 4). Of the 2895 ha of high-

certainty winter forage in 2017, 602 ha (21%) were re-

cropped in 2018 (Tables 3 and 4). 

Soil order and drainage class

Within the 8925 ha of land area used for winter-forage 

grazing (high certainty) across all the years, Brown soils 

were the most common, accounting for 63%, followed 

by Pallic soils (21%) and Gley soils (13%; Table 5). Of 

this total area, 62% is classed as imperfectly or poorly 

drained (Table 6).

Discussion
The total area of agricultural land across the Southland 

Region reported in North and Belliss (2015) is  

1,055,495 ha. The current study evaluated 67,618 ha 

of which about 20,000 ha was non-agricultural land. 

The average high-certainty forage area across the four 

years studied is 2605 ha, i.e. approximately 5% of the 

agricultural land. Based on North and Belliss (2015), 

Pearson et al. (2016) reported about 68,000 ha of 

winter forage crops in 2014 for all of Southland, i.e. 

approximately 6% of the agricultural land. Therefore, 

we consider our study site is fairly representative of 

the whole of Southland in terms of winter-forage use. 

Belliss et al. (2019) mapped only the steeper land in 

7938 ha of winter forage and heavily grazed pasture in 

Southland, constituting 2.2% of the steeper agricultural 

land mapped.

as low-certainty forage (including heavily grazed 

pasture) in the 2013 pilot study. Some of this area is 

Table 3 Total area used for winter forage for each of the four years in the study area

Year Winter-forage high  Winter-forage low Winter-forage high + low

 certainty (ha) certainty (ha) certainty. Total (ha)

2013 1991 3551 5542

2014 3457 288 3745

2017 2895 227 3122

2018 2080 0 2080

Table 4 Area in winter forage for different frequency classes (ha) in study area, for two mapping classes (H = high certainty only; 

H+L = both high and low certainty). Frequencies are not necessarily consecutive years.

Frequency Any 1 year Any 2 years Any 3 years All 4 years 

Certainty H H+L  H  H+L H H+L H H+L

2013/14 pair 4212 7254 618 1016    

2017/18 pair 3771 3928 602 637    

Four years 7548 10074 1285 1919 66 149 26 32
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Figure 1  Winter-forage frequency for high-certainty classes in both 2017 and 2018, in the Gore-Mataura area, Southland. 

Table 5

Soil order      

Frequency  Anthropic Brown Melanic Gley Organic Pallic Non-soil Total  Total

(years cropped)  (%) (%) (%) (%) (%) (%) (%) (%) (ha)

1 0.9 52.9 0.34 11.4 0.04 17.8 1.25 84.6 7548

2 0.1 9.6 0.01 1.7 - 2.9 0.08 14.4 1285

3 0.1 0.5 - 0.1 - 0.05 - 0.7 66

4 - 0.3 -   -   - 0.3 26

Total 1.1 63.3 0.35 13.2 0.04 20.7 1.3 100.0 8925
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be false negatives due to: the early development stage 

of the mapping methods; the limitation of having only 

three image dates in the series; and the imagery (SPOT-

areas in forage from the 2014 and 2017 image data are 

considered to be a more accurate representation of the 

total area in forage. The 2018 result may be a slight 

under-estimate of the true area as spectral signatures 

were generated from a region with little fodder beet 

or swedes (Hawke’s Bay) and then applied throughout 

the country (Belliss et al. 2019). Development of 

the mapping method has continued since then, with 

improved results expected in the future.

Smith et al. (2012) showed that annual nitrate losses 

from leaching increase when winter-grazed forage 

crops are grown and grazed over successive years on 

the same area. Their results were for years 2 and 3 for 

forage crops grazed during each of three consecutive 

years. Their study was on a shallow Orthic Brown soil 

reported as free-draining, and there was low rainfall 

high certainty from the combined 2013/14 and 2017/18 

datasets indicate that farmers in the study area planted 

two consecutive years of winter forage crop in the same 

paddock 31% or 21% of the time, respectively. Thus, 

the increased annual nitrate losses reported by Smith 

et al. (2012) could occur in these cases, but losses 

will depend on individual circumstances. We did not 

have three consecutive years of winter forage maps, so 

could not determine the frequency of this occurrence.

Some studies on the environmental effects of winter-

grazed forage crops were undertaken on Mottled 

Fragic Pallic soils, which have restricted permeability 

(e.g. McDowell et al. 2003a; Drewry & Paton 2005; 

Houlbrooke et al. 2009; Monaghan et al. 2017). Fewer 

studies have been undertaken on soils with good 

permeability (i.e. some Brown soils) especially in 

southern New Zealand (e.g. Smith et al. 2012). Note 

determined from soil morphology for these drainage 

classes. Soil-order data from S-map are likely to 

capture broader soil trends due to the scale of mapping, 

but are unlikely to capture local variability of interest to 

farmers. Alluvial soils in the Mataura river valley have 

high spatial variability in soil properties (S Hainsworth 

and so have less predictable drainage characteristics 

drainage, e.g. tile drains, may also affect environmental 

impacts. McDowell et al. (2003b) reported that Brown 

soils occupy 48% of lowland Southland yet little 

data exist on the drainage characteristics of Brown 

soils, under winter-grazed forage paddocks. This soil 

order was the most common in winter-grazed forage 

paddocks in our study so we suggest that investigations 

of winter-grazed forage crops on Brown soils are under-

represented in southern New Zealand.

Winter grazing and treading of forage crops often 

increases greenhouse gases emitted from soil and 

nitrogen losses to drainage water (van der Weerden et 

al. 2017; Thomas et al. 2019; Hu et al. 2020), due to wet 

conditions, low uptake of nutrients in cold conditions, 

and high stock and urine patch densities (Shepherd 

et al. 2012). However, lower ruminant methane 

emissions from brassica and fodder beet (cf. ryegrass 

and clover) may play a role in offsetting the overall 

gas emissions (NZAGRC & PGgRc 2018). In addition, 

new mitigation practices such as use of subsequent 

catch-crops for nutrient uptake (Carey et al. 2016; 

Carey et al. 2017; Malcolm et al. 2020), and strategic 

grazing (Monaghan et al. 2017) have been developed. 

Industry best-practice guidelines for farmers have been 

developed (DairyNZ 2014; Beef + Lamb New Zealand 

2017, 2019) from these and other studies. However, 

number of times a paddock should be re-cropped for 

winter forage. The spatial extent of strategic grazing 

and catch-crop practice adoption is not well known, 

and is not currently captured in satellite-derived winter-

forage maps.

Table 6 Percentage area and area of soil drainage classes for winter-grazed forage crop paddocks for different frequency 

classes, for high-certainty class only

                    Soil drainage

Frequency  Well Moderately-    Imperfectly     Poorly Very-   Blank   Total Total

(years cropped) (%) well (%) (%)  (%) poorly (%)   (%)   (%) (ha)

1 19.9 12.0 25.7 26.8 0.04 0.1 84.6 7548

2 2.6 1.9 5.7 4.1 - - 14.4 1285

3 0.1 0.4 0.2 0.1 - - 0.7 66

4 0.2 0.04 0.04 0.01 - - 0.3 26

Total 22.8 14.4 31.6 31.1 0.04 0.1 100.0 8925
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Conclusions and recommendations
We have shown that mapping of winter forage area, 

particularly when assessed across multiple years, 

can potentially contribute to the study of a range of 

environmental questions related to winter forage 

grazing. Our study was, however, carried out on only 

a small pilot area, and was limited by the differences 

in mapping methodologies of the winter-forage source 

certainty of results in the latter years than in earlier 

years of this study, due to the ongoing improvements in 

the methodologies behind the source maps.

The 2014 and 2017 winter forage maps cover the 

whole of Southland so could be used for a whole-region 

study. However, they are not in consecutive years, 

and thus the repeat-cropping questions could not be 

addressed using these data layers. Ideally, in future, more 

frequent mapping could be carried out using consistent 

methodology; this would make multi-year studies 

more powerful and enable regular monitoring. It would 

also be valuable to investigate whether management 

practices such as strategic-grazing and catch-cropping 

are detectable in time-series satellite imagery.

The frequency of repeat cropping of winter-grazed 

forage crops is a knowledge gap, and the method 

demonstrated here is one of the few possible ways to 

the number of times a paddock should be re-cropped 

for winter forage, so further research is warranted on 

cumulative effects of winter-forage grazing. In our 

study, most of the paddocks were used in only one of 

the four years mapped. 

We conclude that experimental studies of winter-

grazed forage crops on well-drained soils, such as 

Brown soils, are under-represented in southern areas 

because many experimental studies are on Mottled 

Fragic Pallic soils which have restricted permeability. 

This lack of information about the well-drained 

soils is an important knowledge gap. Assessment of 

type of approach used here, where paddock-scale land-

use data is geographically aligned with soils data, and 

the two factors can be studied in combination.

The practical implications of this study include use 

of the information when designing and developing 

best management practices and for regional policies. 

Regular, large-area mapping using consistent methods 

would make it possible to generate the types of data 

demonstrated here with greater certainty, frequency, 

and geographic coverage.
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