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Abstract

The relative influence of a set of watershed characteristics on surface water nutrient 
concentrations was examined in 173 watersheds within two subcatchments (Upper- 
Scheldt and Nete) of the River Scheldt Basin (Flanders, Belgium). Each watershed 

5 was described by seasonal rainfall, discharge loading of point sources, morphological 
characteristics (area, average slope, drainage density, elongation), land use and soil 
properties (soil texture and drainage). Partial regression analysis revealed that soil 
drainage variables had the strongest Influence on nutrient concentrations. Additional 
Influence was exerted by land use and point source loading variables. Nitrate con- 

10 centrations were positively correlated with effluent loadings coming from wastewater 
treatment plants and with the area of agricultural land. Phosphate concentrations were 
best explained by effluent loadings of industrial point sources and by the area of urban 
land. Land use close to the river was not a better predictor of nitrate and phosphate 
concentrations than land use away from the river. This suggests that the mediating lm- 

15 pact of riparian zones Is rather explained by the hydrologie pathways within the buffer 
strip.

1 Introduction

Eutrophication Is one of the most Important threats to surface water quality and river 
ecosystems. A main Issue facing watershed planners Is how land use and manage- 

20 ment ties to the quality at the river basin outlet. The past decades, several researchers 
tried to relate water quality variables to land management using empirical techniques 
like correlation and regression analysis, often embedded In a GIS environment (HUI, 
1978; Wilkin and Jackson, 1983; Osborne and Wiley, 1988; Hunsaker and Levine, 
1995; Bolstad and Swank, 1997; Tufford et al., 1998; Norton and Fisher, 2000; Sliva 

25 and Williams, 2001 ; Davis and Neal, 2004).
Surface waters are contaminated by human activities In two ways: (1) by point
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sources, such as the effluent of industries and wastewater treatment plants (WTP's), 
and (2) by diffuse sources, such as the runoff from urban and agricultural areas. The 
Importance of point sources for water quality depends on the extent of Industrial ac­
tivity and urban land with respect to the basin area under agriculture and forest and 
the level and efficiency of pre-discharge treatment processes (Ometo et al., 2000). 
Diffuse sources are more difficult to monitor because nutrients follow a variety of path­
ways depending on the hydrological routing between overland, subsurface and base 
flow (Haycock et al., 1993; Nikolaidis et al., 1998; Dzikiewicz, 2000). Different flow 
components dominate N and P concentrations and export. Most of the N is exported 
from watersheds as nitrate through subsurface flow and is therefore diffuse In space 
and time. In contrast, P export, whether associated to sediments or the water phase, 
usually occurs from critical source areas because P is mainly transported by overland 
flow from near stream areas during storm periods (Soranno et al., 1996; Pionke et al., 
2000 ).

One landscape element which can exert a moderate to strong mediating effect on 
nutrient export is the land-water ecotone, I.e. the riparian zone. This zone Is consid­
ered Important with respect to the regulation of the transport of sediments, water and 
nutrients across the landscape, and has been subject of research and target of man­
agement and restoration efforts (Omernik et al., 1981; Lowrance et al., 1984; Peterjohn 
and Correll, 1984; Mulholland, 1992; Haycock et al., 1993; Hill, 1996; Johnson et al., 
1997; Tufford et al., 1998). Despite the well-known functions of riparian zones in mod­
erating stream nutrient concentrations (e.g. review of Haag and Kaupenjohann, 2001), 
the relative influence of riparian zone versus the whole watershed characteristics on 
ambient nutrient concentrations Is poorly understood. Several researchers found that 
land use adjacent to the stream was not a better predictor of nutrient concentrations 
than land use composition of the whole watershed (Omernik et al., 1981 ; Johnson et 
al., 1997; Sliva and Williams, 2001). These results are in contrast to reports citing the 
opposite (Richards et al., 1996; Tufford et al., 1998) and to reports citing the benefits 
of riparian vegetation In reducing sediment and nutrient inputs to streams (e.g. Dlllaha
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et al., 1989; Osborne and Kovaclc, 1993; Fennessy and Cronk, 1997).
This paper describes the results of a study investigating the effects of watershed and 

riparian zone characteristics on the surface water nitrate and phosphate concentrations 
In the River Scheldt Basin. Thereto, two subcatchments were selected representing 
different conditions In the study basin. The spatial variability In observed nitrate and 
phosphate concentrations within these subcatchments was related to a variety of wa­
tershed characteristics. The role of point and diffuse sources, anthropogenic (e.g. land 
use) and natural watershed characteristics (e.g. geomorphlc characteristics and soli 
properties), and the time and spatial dependent precipitation variable were taken Into 
consideration. With respect to watershed characteristics the following three research 
questions were addressed:

1. What Is the relationship between watershed characteristics and surface water 
quality?

2. Is this relationship seasonal?

3. Do land use and soli properties near the stream better describe the variability 
In nitrate and phosphate concentrations than land use and soli properties In the 
whole watershed?

2 Method

2.1 Study area

The study area consists of two subcatchments of the River Scheldt Basin situated In 
one of the most densely populated and intensively managed regions of northwest Eu­
rope (Fig. 1). The climate is classified as marine, temperate, with an average annual 
precipitation of 800 mm. The Upper-Scheldt subcatchment, covering 946 km2, Is situ­
ated In the Flemish hill district where the geologic substrate consists of discontinuous 
quaternary layers of loamy sand and sandy loam on tertiary sands and clays. Most
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soils are well to moderately drained loam and sandy loam soils. Elevations range from 
3 to 150 m above sea level. Land use is dominated by arable land (cropland 46% and 
pasture 29% of the area), with crop acreage dominated by wheat, corn, potatoes and 
sugar beets. The region is poorly seweraged with only one third of the households 
connected to a sewer system. The Nete subcatchment, 1673 km2 in size, is situated 
in the Central Kempen where the geologic substrate consists of quaternary sands on 
tertiary sands and clays. The watershed has a fairly uniform topography with elevations 
ranging from 2 to 68 m above sea level. Most soils are moderately to poorly drained 
sands and loamy sands. The dominant land use categories are forests, followed by 
field crops and pasture, respectively 30%, 29% and 16% of the area. The Nete catch­
ment is slightly more urbanized than the Upper-Scheldt catchment (19% versus 16%) 
and more households are connected to a sewer of which the water is treated before 
discharged in the river system (63% versus 35%). In both catchments, industrial ac­
tivities such as chemistry, food, textile and metal Industries contribute to the N and P 
loading of the rivers.

2.2 Data sources and data (pre-)processing

2.2.1 Water chemistry

Water quality data were obtained from the Flemish Environment Agency, which takes 
and analyses samples of surface waters in Flanders (VMM, 2002). During the years 
1998-2001, the nitrate (NO3 -) and phosphate (P 043 -) concentrations were deter­
mined at 67 sampling sites in the Upper-Scheldt catchment and at 106 sampling sites 
in the Nete catchment. Because of the low sampling frequency (one observation per 
month) the dataset does not permit a detailed analysis of the temporal variation in wa­
ter quality. Calculating nutrient loadings could reduce the temporal variability, but this 
was impossible because river discharge data are not monitored at the same locations 
as the water quality, nor is the sampling frequency the same. In order to reduce the 
impact of variations In discharge, nitrate and phosphate concentrations were averaged
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by season: w inter (Decem ber-February), spring (M arch-May), summer (June-August) 
and fall (Septem ber-November). As a consequence the derivation of the relationship 
between nitrate and phosphate concentrations and the watershed characteristics In 
this study was based on the seasonal average nutrient concentration.

2.2.2 Watershed characteristics

A vector-based geographic database was complied for the Upper-Scheldt and Nete 
catchments. Each database included layers on topography, streams, water quality 
monitoring sites, precipitation monitoring sites, location of point sources, land use and 
soli properties. PC-based ArcVlew 3.2a (ESRI, 2000) was used to manage the GIS 
data layers. For each water quality monitoring site In both catchments, corresponding 
drainage areas were delineated based on the digital terrain model (DTM) using the data 
pre-processing tool of AVSWAT 2000 In ArcVlew (Di Luzlo et al., 2002). In the Upper- 
Scheldt catchment, 67 watersheds were delineated with an area ranging between 1 
and 109 km2. In the Nete catchment, 106 watersheds were delineated with an area 
ranging between 2 and 710 km2.

Precipitation data of the years 1998-2001 from 5 meteostatlons In the Upper-Scheldt 
catchment and 7 stations In the Nete catchment were obtained from the Royal Mete­
orological Institute. Thiessen polygons were created with the ArealRain extension in 
ArcView (Petras, 2001). The seasonal precipitation attributed to each watershed was 
derived from the Thiessen polygon showing the largest overlap with the considered 
watershed.

Discharge and nutrient concentration data of all point sources were obtained from the 
Flemish Environment Agency. Three types of point sources were used: (1 ) discharge of 
treated Industrial wastewater In surface waters, (2) discharge of industrial wastewater 
In a sewer not yet connected to a wastewater treatment plant, and (3) discharge of 
treated sewage coming from a wastewater treatment plant. For each point source, 
mean yearly discharge and nitrate and phosphate concentrations were calculated, so 
that mean yearly loadings of nitrate and phosphate could be calculated by multiplying
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discharge with concentration. For each water quality monitoring site, loadings of all 
upstream point sources were summed according to the three different types of point 
source. Uptake and transformation processes were not taken into account.

GIS-derived morphological characteristics were watershed area, average watershed 
slope, drainage density and elongation. The digital terrain model (DTM) used to de­
rive the average slope was interpolated from digital elevation data obtained from the 
National Geographic Institute. Calculation of the drainage density was based on the 
Flemish Hydrological Atlas (VHA), delivered by the Flemish Land Agency (VLM). The 
elongation of a watershed was defined as the ratio of the diameter of a circle with the 
same area as the watershed, to the watershed length (Langford and O'Shaughnessy, 
1977, cited by Post and Jakeman, 1999). Digital land use maps were obtained from the 
Flemish Land Agency (VLM). Land use categories were aggregated into four classes: 
(1) agricultural land, including row and non-row crops, (2) pasture, (3) forests, and (4) 
urban land, including industrial and residential areas. Each land use class was ex­
pressed as a fraction of the total watershed area. Soil properties were derived from 
the digital soli maps created by the Flemish Land Agency (VLM). The VLM soli texture 
classes were aggregated Into the following four classes: (1) loam (symbol A), (2) sand 
loam (symbol L), (3) loamy sand (symbols S and P), and (4) sand (symbol Z). The VLM 
soil drainage characteristics were also aggregated into four classes: (1) well drained 
(symbols a, b and B), (2) moderately drained (symbols c, d and D), (3) poorly drained 
(symbols e, f, g, F and G), and (4) poorly drained with stagnating water (symbols h, i 
and I). Each soil texture and drainage class was expressed as a proportion of the total 
watershed area.

Finally, a proxim ity analysis was conducted by delineating buffer zones around the 
VHA-streams within each watershed. Zone widths of 100 and 250 m from VHA-streams 
were selected, after which land use, soil texture and soil drainage compositions of 
these buffer zones of all watersheds were calculated.

All calculated explanatory watershed characteristic variables are presented in Ta­
ble 1.
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2.3 Statistical analyses

Descriptive statistics were calculated for the watershed and water quality databases of 
both the Upper-Scheldt and Nete catchment (Table 2). Distributional properties of all 
variables were assessed and the Kolmogorov-Smirnov goodness of fit test was used 
to test for normality of distribution of the watershed and water quality variables. When 
necessary the dependent water quality variables were log transformed. Some of the 
explanatory watershed variables could not be normalised. To examine the degree of 
interdependence or multicollinearity within the explanatory watershed variables, non- 
parametric Spearman rank correlations were calculated.

Watershed characteristics and water quality interactions were examined using two 
techniques: (1) a non-parametric Spearman rank correlation analysis was applied to 
determine the direction and magnitude of the Interaction between Individual watershed 
characteristics and nitrate and phosphate concentrations, and (2) the relative impor­
tance of the watershed characteristics grouped per environmental theme (precipitation, 
point sources, morphological characteristics, land use, soli properties) was examined 
by partial regression analysis (Legendre and Legendre, 1998; Lichtstein et al., 2002; 
Deckers et al., 2004). With respect to the latter, the following procedure was adopted 
and repeated for both catchments. First, a multiple regression model was built with all 
explanatory variables. Next, a multiple regression model was built with all explanatory 
variables except those of the studied factor group. The unique contribution of the con­
cerning factor group is then given by its partial R2, calculated as the difference in R2 
between the full model, containing all variables, and the corresponding reduced model, 
lacking the variables of the concerning factor group. The strength of this method is that 
it explicitly accounts for the intrinsic existence of correlation between variables of dif­
ferent factor groups by partlalllng out shared components of variation explained by the 
various factor groups (Deckers et al., 2004). After calculating partial R2 for all seasons 
of the years 1998-2001, mean seasonal and overall mean partial R2 were calculated. 
Differences in partial R2 of all distinct factor groups were tested by the non-parametric



Friedman test and the Dunn test (Siegel and Castellan, 1988).
The question whether nutrient concentrations are primarily influenced by riparian 

zone or by whole-watershed characteristics was examined with partial regression, the 
Friedman test and the Dunn test. Watershed characteristics examined were land use, 
soli texture and soli drainage class. Factor groups consisted of whole watershed char­
acteristics, characteristics within a 250 and a 100m-buffer.

3 Results and discussion

3.1 Seasonal patterns

Seasonal concentrations of nitrate and phosphate averaged for all sampling sites of the 
Upper-Scheldt and Nete catchments are presented in Fig. 2. Nutrient concentrations 
are highest in the Upper-Scheldt catchment. This is most likely due to the higher input 
of N and P fertilizer In the Upper-Scheldt catchment, In which agriculture Is a more 
dominant activity than In the Nete catchment (46% versus 29%).

The seasonal variation In nitrate concentration In the catchment of the Nete Is op­
posite to the more commonly observed pattern of dormant season maxima and grow­
ing season minima as observed In the Upper-Scheldt catchment. High stream nitrate 
concentrations during the dormant season are thought to be the result of a reduced 
uptake by terrestrial vegetation and of increased leaching (Neill, 1989). When soils re­
main unfrozen during winter, rates of nitrogen immobilization associated with microbial 
decomposition of autumn-shed leaves may be high In solis and streams (Mulholland, 
1992). Since the catchment of the Nete has more forests (30% versus 8%) and more 
poorly drained solis (23% versus 7%) than the Upper-Scheldt catchment conditions for 
dénitrification might be more favourable In the Nete catchment, which helps to explain 
why dormant season maxima are not outspoken.

The seasonal variation In phosphate concentration Is similar In both catchments, 
showing peaks In summer. The same pattern was observed by Osborne and Wiley
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(1988). Higher concentrations during summer are likely the result of the less frequent 
occurrence of showers in the summer season and the less dilution of phosphate point 
sources due to the overall lower base flow in summer.

3.2 Linkages between watershed characteristics and nutrient concentrations

3.2.1 Nitrate

In both the Nete and Upper-Scheldt catchment, the explanative value of the differ­
ent watershed characteristics differs significantly (Table 3). Soli drainage and soli 
texture predict stream nitrate concentrations significantly better than precipitation In 
both catchments (Fig. 3). In the Nete catchment the watershed morphology and point 
sources also play a more significant role than precipitation. The reason for the ob­
served low Influence of precipitation on nutrient concentrations must be sought In the 
spatial and temporal limitations of both precipitation and water quality data: precipita­
tion data are spatially limited while monthly water quality data In the absence of dis­
charge data are subject to fluctuations which could not be taken Into account. There­
fore, the further analysis was concentrated on the non-tlme-dependent variables.

In the Upper-Scheldt catchment soli drainage explains better the observed variability 
In nitrate concentrations than point sources (Fig. 3). Though, when only the summer 
season Is taken Into account, point sources have the largest partial R2 of all factor 
groups (data not shown). A likely explanation Is that In summer (1) biomass production 
and plant N uptake peak and rainfall excess is small resulting in no or very small leach­
ing of nitrate and (2) effluents of point sources are less diluted due to the overall lower 
base flow (Osborne and Wiley, 1988). A strong positive correlation exists between 
the proportion of well drained soils and downstream nitrate concentrations (Table 4). 
This can be explained by the higher infiltration capacity, the shorter residence time of 
subsurface water and groundwater and consequently less denitrification taking place 
(Mueller et al., 1997). Furthermore, a strong positive correlation is observed between 
the area of agricultural land and downstream nitrate concentrations, a pattern observed



in many other studies (Hill, 1978; Neili, 1989; Johnson et al., 1997; Tufford et al., 1998). 
The observed negative correlation between the proportion of forest and downstream 
nitrate concentrations is in agreement with the results of Hunsaker and Levine (1995), 
but the negative correlation between the proportion of urban land and downstream con­
centrations contrasts to other reports (Osborne and Wiley, 1988; Silva and Williams, 
2001; Davies and Neal, 2004) and may according to Tufford et al. (1998) be the result 
of multicollinearity.

In the Nete catchment, soil drainage accounts better for the observed variability in 
nitrate concentrations than land use (Fig. 3). This is In agreement with the conclusion 
of Norton and Fisher (2000) that soli characteristics can completely over-ride land use 
effects. The strong negative correlation between the proportion of well drained soils 
and downstream nitrate concentrations (Table 4) Is somehow contradictory, unless the 
plant uptake of N in well drained soils is considerably higher than in poorly drained 
soils. Other Spearman rank correlations in the Nete catchment show that nitrate load­
ings coming from wastewater treatment plants (WTP's) go hand In hand with higher 
downstream nitrate concentrations (Table 4) Indicating that nitrate removal by WTP's is 
highly Insufficient. In the Upper-Scheldt catchment, the inefficiency of nitrate removal 
by wastewater treatment Infrastructure was not detected because the low number of 
WTP's. Furthermore, the watershed elongation of the Nete catchment is positively 
correlated to downstream nitrate concentrations (Table 4) suggesting that lower nitrate 
concentrations are observed downstream of lengthened watersheds, which can be ex­
plained by the longer residence time enhancing natural decay processes.

3.2.2 Phosphate

As for nitrate, the explanative value of the different themes of watershed characteristics 
Is significantly different In both the Upper-Scheldt and Nete catchment (Table 3). The 
Influence of precipitation Is again negligible, for the same reason as stated before, and 
Is not taken Into account In the further analysis.

In the Upper-Scheldt catchment no significant difference could be detected between
663

the different watershed characteristics (Fig. 3). The Spearman rank correlations re­
vealed that Industrial point sources are positively correlated to downstream phosphate 
concentrations (Table 4). Furthermore, a negative correlation exists between the mor­
phological characteristics mean slope and stream density of the watershed and phos­
phate concentrations, whereas one would expect the opposite, i.e. the steeper the 
mean catchment slope the more likely overland flow and transport of soil particles will 
occur, and the more easy sediments loaded with phosphate reach the drainage net­
work. No direct explanation for the negative correlation could be found.

In the Nete catchment, soil drainage accounts better for the observed variation In 
phosphate concentration than point source loadings and proportions of soil texture 
classes (Fig. 3). The proportion of urban land Is positively correlated with downstream 
phosphorus concentrations (Table 4). This relationship may be highly Influenced by 
point sources as well as diffuse sources. From the different types of point sources, 
discharge of treated Industrial wastewater In a sewer not connected to a WTP Is most 
Important (Table 4). This is in agreement with the statement of Sonzognl et al. (1980) 
that highly industrialized urban areas contribute more phosphorus per unit area than 
residential areas. Diffuse source pollution in urban areas Is caused by artificial sealing 
of the surface resulting in more runoff (Sonzogni et al., 1980; Field et al., 1996) and 
less pollutant attenuation (Soranno et al., 1996; Corbett et al., 1997). From Table 4 
it is also clear that a negative correlation exists between the proportion of sandy soils 
and downstream phosphorus concentrations. Greater amounts of sandy soils result 
in greater infiltration and thus, less potential soil erosion and overland transport of 
phosphorus (Norton and Fisher, 2000). This effect is accentuated because the solis 
are sandy and covered by forests, having a positive Impact on water quality In a number 
of ways: (1) sandy solis act as effective sediment traps, (2) forests consume and store 
nutrients, and (3) rhizosphere of forests stimulate microbial assimilation of nutrients 
(Norton and Fisher, 2000).



3.3 Buffer strip versus whole-catchment characteristics

Results of the partial regression analysis to examine the relative influence of buffer strip 
versus whole catchment land use and soil characterlcs on nutrient concentrations are 
presented In Table 5 and Fig. 4. Neither in the Nete nor in the Upper-Scheldt catch­
ment, land use close to the stream channel (<100 or <250 m) is a better predictor of 
nitrate or phosphate concentrations than land use away from the channel (>100 or 
>250 m) (Fig. 4). Probably, the mediating Impact of riparian zones Is not primarily de­
pendent on land use activities. Rather, the hydrologie pathways within the buffer strip 
play a more Important role. Both soli properties (texture and drainage) In the ripar­
ian zone of the Nete catchment have a higher explanative value to downstream nitrate 
concentrations than these properties for the whole watershed (Fig. 4). In the Nete 
catchment, where soils are dominantly moderately drained sands, a higher proportion 
of poorly drained loamy sands in the riparian zone lead to lower nitrate concentrations 
(Table 4). Probably, these soils retard the movement of subsurface flow increasing 
the time for dénitrification to take place. Moreover, waterlogged conditions promote 
the dénitrification process. The difference In partial R2 Is most distinct In spring (data 
not shown), simultaneously with the lowest observed nitrate concentrations (Fig. 2). 
A plausible explanation is that the sum of denitrification and N uptake are highest In 
spring, whereas In winter N uptake ceases close to zero and dénitrification reaches 
Its maximum value, and In summer N uptake Is maximal while denitrification hardly 
occurs. Although the proportion of agricultural land increases simultaneously with an 
increase in fine textured solis (loamy sands) within the riparian zones, land use within 
the riparian zone Is not a better predictor of nitrate concentrations than land use In the 
whole watershed. In the Upper-Scheldt catchment, no significant difference In explana­
tive value of soil properties is observed between the buffers and the whole catchment 
when nitrate concentrations are considered. Phosphate concentrations, though, are 
better predicted by soil drainage characteristics In the riparian zone. Soli drainage 
characteristics In the riparian zone Influence erosion through soli Infiltration capacity
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(Norton and Fisher, 2000).

4 Conclusions

The analysis of the influence of a set of watershed characteristics categorised In en­
vironmental themes (precipitation, point sources, morphological characteristics, land 
use, soli properties) on Instream nutrient concentrations In the River Scheldt Basin 
suggests that Instream nutrient concentrations are largely regulated by soil drainage 
characteristics of the watershed. Additional Influence is exerted by anthropogenic land 
use and point source loading variables. Despite the well-known difficulties in separat­
ing the Influence of a set of Intercorrelated watershed characteristics, the unique con­
tribution of each theme of watershed characteristics could be calculated using partial 
regression analysis. The data from the River Scheldt Basin suggest that an under­
standing of diffuse source contributions to observed Instream nutrient concentrations 
cannot be based solely on an examination of land use variables. Such an approach 
may frequently provide a misleading impression of the significance of human activities. 
The same conclusion could be drawn from the proximity analysis. Land use close to the 
river was not a better predictor of nitrate and phosphate concentrations than land use 
away from the river. The mediating Impact of riparian zones Is rather explained by the 
hydrologie pathways within the buffer strip. Further Investigations which make use of 
a better designed spatial and temporal sampling regime as well as a higher resolution 
of digital maps are required to evaluate the complex Interactions which are responsible 
for variations In watershed nutrient exports and Instream nutrient concentrations.
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Table 1. Watershed characteristics used as independent variables.

Group Variable Unit

Precipitation Seasonal rainfall mm in 3 months
Point sources Treated industrial point source load in surface water g N or P/day

Untreated industrial point source load in a sewer g N or P/day
Point source load coming from a WTP g N or P/day

Morphology Watershed area m2
Mean basin slope %
Drainage density m/ha
Elongation m/m

Land use Arable %
Pasture %
Forest %
Urban %

Soil texture Loam %
Sandy loam %
Loamy sand %
Sand %

Soil drainage Well drained %
Moderately drained %
Poorly drained %
Poorly drained with stagnating water %
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Table 2. Descriptive statistics (min = minimum, mean = arithmetic mean, max = maximum) of 
the time-independent watershed characteristics in the whole catchments and the buffer strips 
of 250 m and 100 m of the Upper-Scheldt and Nete catchments.

Variable Spatial
extent min

Upper-Scheldt 
mean max min

Nete
mean max

Watershed area 52.3 1509,6 10 930,4 177.8 6651.3 71 005.9
Mean basin slope 0 1.627 4.820 0.051 0.236 0.580
Drainage density 6.93 17.35 38.99 1.02 27.87 418.14
Elongation 0.49 0.76 1.17 0.34 0.63 1.09
Arable whole 0 14.3 51.1 0.2 20.9 50.8

250 m 0 12.7 45.7 0.4 18.0 44.5
100 m 0 10.7 45.3 0 15.5 51.5

Pasture whole 11.2 46.4 85.4 9.3 30.4 59.0
250 m 13.5 45.3 85.6 7.2 35.2 60.6
100 m 8.9 45.0 79.1 7.5 36.8 64.3

Forest whole 5.0 28.0 42.5 5.8 16.2 42.7
250 m 0 28.2 55.7 2.3 17.6 52.2
100 m 5.8 28.5 50.9 3.8 18.0 48.9

Urban whole 0 8.8 77.4 1.9 27.0 71.1
250 m 0 10.9 77.2 0.9 25.0 62.1
100 m 0 14.1 79.1 1.0 26.8 66.9

Loam whole 0 44.2 100.0 0 0 0
250 m 0 43.6 100.0 0 0 0
100 m 0 44.0 99.6 0 0 0

Sandy loam whole 0 28.5 97.1 0 3.8 78.7
250 m 0 29.4 96.5 0 4.8 78.0
100 m 0 29.0 98.6 0 5.8 79.9

Loamy sand whole 0 4.6 79.6 0 35.2 92.1
250 m 0 4.1 78.0 0 42.6 95.7
100 m 0 4.2 79.5 0 47.8 99.2
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Table 2. Continued.

Variable Spatial
extent

Upper-Scheldt 
min mean max min

Nete
mean max

Sand whole 0 9.0 99.1 0 39.3 99.6
250 m 0 8.9 97.8 0 36.2 99.1
100m 0 8.3 94.4 0 31.4 99.0

Well drained whole 0 29.4 76.0 0 9.0 50.1
250 m 0 17.6 68.5 0 4.6 24,3
100m 0 10.1 63.9 0 2.5 21.5

Moderately drained whole 16.2 49.7 98.7 14.7 46.2 88.9
250 m 17.9 56.7 98.5 14.7 44.5 87.0
100m 13.4 55.3 99.7 5.4 38.1 84.5

Poorly drained whole 0 6.5 21.4 0 20.8 55.8
250 m 0 10,8 32,0 0 33,3 70,4
100 m 0 19.5 54.8 0 43.3 85.6

Stagnating water whole 0 3.8 51.2 0 1.2 21.9
250 m 0 5.2 55.1 0 1.6 35.1
100m 0 6.4 61.4 0 2.2 52.0
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Table 3. Results of Friedman test to compare partial R2 of the different groups of watershed
characteristics in explaining nutrient concentrations at the mouth.

Nitrate
Upper-Scheldt Nete

Phosphate
Upper-Scheldt Nete

Chi-square 18.607 64.517 25.923 25.923
N 16 16 16 16
Df 5 5 5 5
Asymptotic significance 0.002 0.000 0.000 0.000
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Table 4. Mean Spearman rank correlation coefficients between watershed characteristics and 
water quality for all seasons of 1998-2001 (between brackets the frequency of significant cor­
relation out of 16 (4 years with 4 seasons)).

Nitrate Phosphate
Upper-Scheldt Nete Upper-Scheldt Nete

Seasonal rainfall -0.304 (7) 0.031 (0) 0.005 (0) -0.045 (1)
Treated Industrial -0.154 (2) -0.039 (1) 0.389 (9) -0.178 (8)
Untreated Industrial -0.168 (0) 0.117 (0) 0.449 (12) 0.240 (10)
WTP -0.017 (0) 0.321 (12) -0.139 (0) 0.043 (0)
Watershed area -0.168 (2) -0.109 (5) 0.215 (2) -0.177 (8)
Mean basin slope 0.191 (5) -0.133 (3) -0.481 (11) -0.154 (4)
Stream density 0.121 (1) 0.016 (0) -0.398 (9) -0.024 (0)
Elongation -0.034 (0) 0.284 (12) -0.155 (1) 0.253 (8)
Arable 0.518 (13) -0.053 (0) 0.004 (0) -0.065 (2)
Pasture 0.012 (0) 0.150 (5) -0.178 (3) 0.156 (5)
Forest -0.329 (10) 0.022 (0) -0.014 (0) -0.279 (9)
Urban -0.500 (13) 0.037 (0) 0.306 (7) 0.320 (12)
Loam 0.117 (0) - -0.241 (4) -

Sandy loam 0.141 (4) -0.023 (2) 0.158 (0) 0.158 (2)
Loamy sand -0.200 (2) -0.165 (5) 0.339 (5) 0.097 (1)
Sand -0.148 (7) 0.131 (3) -0.063 (1) -0.281 (10)
Well drained 0.538 (13) -0.445 (16) -0.202 (2) -0.349 (11)
Moderately drained -0.279 (6) 0.171 (5) -0.063 (0) 0.236 (9)
Poorly drained -0.365 (7) -0.126 (2) 0.131 (1) -0.217 (9)
Stagnating water -0.048 (1) 0.260 (11) 0.209 (3) 0.134 (5)
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Table 5. Results of Friedman test to compare partial R2 of land use and soil characteristics
within different distances of the streams in explaining nutrient concentrations at the mouth.

Nitrate
Upper-Scheldt Nete

Phosphate
Upper-Scheldt Nete

Land use Chi-square 13.333 3.270 9.125 2.952
N 16 16 16 16
Df 2 2 2 2
Asymptotic significance 0.001 0.195 0.010 0.229

Soil texture Chi-square 1.238 9.375 6.097 6.125
N 16 16 16 16
Df 2 2 2 2
Asymptotic significance 0.538 0.009 0.047 0.047

Soil drainage Chi-square 7.125 8.000 14.400 1.625
N 16 16 16 16
Df 2 2 2 2
Asymptotic significance 0.028 0.018 0.001 0.444
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Fig. 2. Trends in mean seasonal nitrate and phosphate concentrations (wi = winter, sp = spring, 
su = summer, au = autumn).
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