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Abstract. A large part of the spatial variation of stream water 1 Introduction

chemistry can be related to inputs from headwater streams.

In order to understand and analyse the dominant processé&he chemistry of headwater streams is influenced by several
taking place in small and heterogeneous catchments, acclandscape factors which are related to geology, topography,
rate data with high spatial and temporal resolution is nec-climate, and vegetation. During the 20th century, human im-
essary. In most cases, the quality and resolution of availablpacts have also been significant, even for the smallest stream
map data are considered too poor to be used in environmentalystems. These include direct impacts from land use mea-
assessments and modelling of headwater stream chemistrgures and indirect impacts from atmospheric deposition.

In this study 18 forested catchments (1-%kmvere selected In Nordic boreal forests, some landscape factors are espe-
within a 120<50 km region in the county of &mland in  cially important for the development of stream water chem-
western Sweden. The aim was to test if topographic and vegistry. One of these is the dominance of acidic bedrock (gran-
etation variables derived from official datasets were corre-ite and gneiss), which results in acid-sensitive waters with
lated to stream water chemistry, primarily the concentrationa low content of dissolved substances. Another factor is the
of dissolved organic carbon (DOC), but also Al, Fe and Simultitude of wetlands, which increase dissolved organic mat-
content. GIS was used to analyse the elevation characteriger, resulting in increased natural acidity. Andersson and Ny-
tics, generate topographic indices, and calculate the percenberg (2008), for example, reported that approximately 60%
age of wetlands and a number of vegetation classes. The rexf 68 randomly selected boreal headwater streams had a wa-
sults clearly show that topography has a major influence oner colour above 100 mg P/l at medium flow. This corre-
stream water chemistry. There were strong correlations besponds to the highest of five classes in the Environmental
tween mean slope and percentage wetland, percentage weuality Criteria established by the Swedish Environmental
land and DOC, mean slope and DOC, and a very strong corProtection Agency (SNV, 2003).

relation between mean topographic wetness index (TWI) and  Severe acidification has been a dominant environmental
DOC. The conclusion was that official topographic data, de-condition in forested areas in Sweden and Norway for several
spite uncertain or of low quality and resolution, could be use-decades. Separating anthropogenic causes from natural acid-
ful in the prediction of headwater DOC-concentration in bo- ity has recently become a focus (SEPA, 2003), and there is
real forested catchments. an interest in understanding how landscape factors influence
stream water chemistry, especially those factors that govern
stream acidity.

Correspondence to: The forested landscape in Sweden also experiences a long-
J.-O. Andersson term increase in dissolved organic matter. This could be
BY, (jan-olov.andersson@kau.se) exemplified by the trend for absorbance in River llaen
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Absorbance systems (Sivapalan and Kalma, 1995)&thl and Sivapalan,
River Klardlven 1995). In doing this up-scaling, it is necessary to integrate
new tools and data, such as the latest developments of GIS
and official regional or national databases, into the analysis.
For hydrology and hydrochemistry, the process knowledge
- i gained from hillslope studies and small experimental catch-
| mm “\ . MWIM‘M!WM!MIH ments fjrst needs to be evaluated at the next larger scale, i.e.
mmi‘!w!}lllia'qmgm'—':;i'“11"' .‘””\ R 'W“r il " | | larger first-order and second-order streamsisBhl (2001)
HILMWMWMWMWHM suggested that instead of trying to capture everything when
' upscaling it would be better to identify dominant processes
‘ that control hydrological response at different scales, and

0.00 ‘ ‘ ‘ ‘ ‘
1965 1970 1975 1980 1985 1990 1995 2000 then develop models to focus on these dominant processes.
When increasing scale, in-stream and hyporheic processes
Fig. 1. Absorbance measured monthly at Edsforsen in Riverwill be more important, and a crucial scale-step is when the
Klaralven, Sweden, between 1965 and 2003. The catchment aregireams flow into the first lake, which, depending on size,

upstream the sampling point is 8570%rtMonitoring data from could have a large impact on hydrology and hydrochemistry.
the Swedish University of Agricultural Sciencesyw.ma.slu.sp

1.1 Topography

(Fig. 1), which is a larger river situated adjacent the regionresearch results from past twenty years clearly show an in-
studied in this paper. The increase has been +50% over 4f),ence of topography and wetland on stream water chem-
years. The reason for the increase in this particular case is N@try. The influence of topography is important because
fully understood, but climate change (Clair etal., 1994; Free-it controls the water subsurface contact time (Beven and
man et al., 1995; Moore, 1998; Tranvik et al., 2002; Worall Kirkby, 1979; Wolock et al., 1990; Dillon and Molot, 1997;
et al., 2003; Ibfgren et al., 2003) and intensified forestry \jcGuire et al., 2005). Since the beginning of 1990’s many
(Rosen et al., 1996; Lundin, 1999) are suggested as factorsmethods for deriving attributes from elevation data have been
A third potential factor can be decreased deposition of SU"deveIoped for use in hydrological applications. These at-
phur (Monteith et al., 2007). tributes can be divided in two groups: primary and secondary
There seems to be a gap between hydrological processopographic attributes.
oriented research and the institutions that are dependent on Topography is of great significance in hydrology, affecting
research methods and results for their work of solving re-spil water content, flowpaths and residence times (Nyberg,
gional and national environmental problems. The process1995), and subsequently the chemical composition of sur-
knowledge is mostly available from studies of soil profiles, face waters (Beven, 1986; Wolock et al., 1989). Mean slope,
hillslopes or smaller catchments, whereas the need for marpased on a DEM with 50 m grid, was a variable that cor-
agement tools is most obvious at a larger scale. One reaelated with headwater chemistry in a previous study in the
son for the dominance of small-scale studies is the large spasgme region as in this paper (Andersson and Nyberg, 2008).
tial and temporal variability of factors that determine hydrol-  p secondary attribute is the topographic wetness index
ogy and hydrochemistry. Wolock et al. (1997), for exam- (Tw), In(a/tan 8), wherea is the upslope area per unit con-
ple, showed that stream chemistry variability significantly toyr |ength and tars is the local slope (Beven and Kirkby,
decreased beyond catchment sizes of 3-4khmother rea-  1979; Quinn et al., 1995). The TWI represents the wetness
son is the lack of tools to measure at larger scales. Hoopegjstribution in a catchment, and it has frequently been used in
(2001), for example, concluded that “the instruments meamodelling. A high value of the index means that the ground-
sure at a scale of decimetres when we need to understangater table is likely to be close to the ground surface. Sub-
the landscape at the scale of hectares or square kilometressequently, wetlands occur in areas with high values of the to-
A third reason might be that research on boreal forest hypographic wetness index, and it would be possible to predict
drology has been closely linked to acidification research forjgcations of these by calculating topographic wetness indices
several decades, and that most of the acidification problemgyer catchments. The possibility of doing this successfully,
are found at higher elevations near small headwater streamgoyever, depends on the relation between the spatial resolu-
There is a need for simpler, less time-consuming and lession of the data used in the index calculation and the typical
costly methods to predict headwater chemistry to evaluatéength scales of the topography in the catchment (Rodhe and
the natural state of water quality, in order to make correct deSeibert, 1999). The scale and terrain roughness of the anal-
cisions for protection and restoration measures (SNV, 2003)ysed landscape and the resolution of the elevation data sets
To reduce the gap between small-scale process knowleddéamits for the quality of the result (Moore et al., 1993; Wolock
and demands for better understanding at larger scales, oret al., 1994; Zhang and Montgomery, 1994; Tarboton, 1997).
can study smaller elements that are aggregated into largeFhe calculation of wetness indices is, however, sensitive to
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by Kohler et al. (1999), who concluded that the question of
how organic acids enter streams still was open. Andersson
and Nyberg (2008) concluded, from a study of 68 headwater
streams, that it did not seem possible to predict humic sub-
stances in headwater streams by simply looking at the oc-
currence and locations of wetlands that are shown on official
maps. Many small or hidden wetlands, ayptic wetlands
(Creed et al., 2003), with shallow peat cover are not shown
on official topographic maps because they are difficult or im-
possible to locate on aerial photos. Still, they are possible
sources of production of dissolved organic matter in head-
water catchments. There are also vegetation types other than
mires that may include thin layers of peat, i.e. moist and wet
coniferous and deciduous forest. The distributions of these
are normally only included in vegetation cover maps.

1.3 Objectives

The main objective of this study was to analyse the rela-
tionships between 1) topography and 2) wetland and vegeta-
tion cover, as represented by available official landscape data
(topographic maps, a digital elevation model and vegetation
data), versus water chemistry in boreal headwater streams in
western Sweden. The aim was to determine “dominant land-
scape variables” that control the transport of both dissolved
organic matter, which is closely associated with natural acid-
ification, and metals such as Fe and Al. This study, which in-
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cluded catchments on the scale of 1-#kmias a follow-up
of an earlier study with catchment sizes 0.5-1.5 KAnder-
sson and Nyberg, 2008).

Fig. 2. Study region with 18 catchments in a 280 km area in the
county of Varmland, Sweden.

2 Study region
the algorithm that is used (ihtner et al., 2004). The calcu-
lation of the upslope contributing area is especially crucial The 18 studied catchments were located within a 120 x 50 km
for the resulting pattern of saturated areas. region in the county of ¥rmland in western Sweden, be-
tween latitude 59 and 61 degrees N and longitude 12 and 14
1.2 Wetlands, vegetation cover and dissolved organic degrees E (Fig. 2).
matter The dominant landform in the region where the catch-
ments are located is a hilly relief with some occurrence of
In the Swedish boreal landscape, mires, divided into bogsfaults and bare bedrocks in the south, and higher but gen-
fens and mixed mires, is the most common wetland grougtler hills in the north. The igneous bedrock consists mainly
(Lofroth, 1991). There are also a number of sub-divisionsof acidic granites and gneisses with local occurrence of
of mire types that are classified by areal photo interpretatioroutcrops of magmatic hyperite and other rock types (Lun-
and presented on vegetation maps. The occurrence of mirededardh, 1995). The dominant soil type is titt 65%), peat
in boreal headwater catchments has been shown to be signif~~20%) and some areas with sand and silt. The region con-
icantly correlated with stream chemistry. Processes in peatains lakes and wetlands while only a small pattl0%)
and other frequently saturated organic soils produce humigs covered by farmland. The average elevation is approx.
substances that are transported to streams (Clair et al., 199200 ma.s.l. and the highest marine shoreline lies between
Dillon and Molot, 1997; Mulholland and Kuenzler, 1979; 170 and 210 ma.s.l. within the region (Lundqvist, 1958,
Eckhardt et al., 1990; Koprivnjak and Moore, 1992; Hope 1961). The annual mean temperature is °&;5precipita-
et al., 1994; Mulholland, 1997). Hemond (1990) suggestedion 800—900 mm, runoff 400-450 mm and evapotranspira-
that the most important processes take place in the ripariation 400—450 mm. The precipitation normally falls as snow
zone, and that they depend on stream flow generation. Thedsetween November and mid March. The peak runoff nor-
results were supported by Bishop et al. (1994) but questionednally occurs during the snowmelt period (Raab and Vedin,
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Table 1. Catchment and topographic characteristics.

Area  Lowestelevation Highest elevation Mean elevation Mean slope Mean TWI

[kmz] [ma.s.l] [ma.s.l] [ma.s.l] [%]
Mean 1.56 172 282 236 8.9 11.8
Stddev 0.78 45 54 51 2.8 0.3
Min 0.97 86 201 150 4.1 11.2
Max 3.81 244 400 316 14.7 12.4
n 18 18 18 18 18 18
1995). Coniferous forest${cea abieandPinus sylvestris Data on soil (type, texture) and bedrock (type) were not

dominates. Within the region, forestry is main direct humanincluded in the study as spatial datasets, since the available
impact, but the studied catchments have little or no impactofficial maps have too low accuracy and spatial resolution. In
from recent forestry. The region has also suffered from de-the region the bedrock and quaternary deposits are, however,
position of sulphur and nitrogen (Lund8in et al., 1998). fairly homogenous. Furthermore, data on vegetation cover
Characteristics of the studied catchments are shown in thgenerally reflects the distribution of soil types well (Moore
result chapter (Table 1.). etal., 1991).

3.2 GIS analysis

3 Methods Arcinfo GIS was used for calculations of layers for area, el-

- . evation, slope and TWI for each catchment. The calculation
1:250000 and 1:100000 scale official topographic maps ' :
from the Swedish Land Survey were used to delimit a stud of the upslope area was based on the commonly used deter

Y ministi '
region within the western part of the county o&ivnland. ministic 8 (D8) model (O'Callagan and Mark, 1984) for flow

over a terrain surface represented by the DEM. The mean

Eighteen first-order streams were selected within the region ., e of the slope and TWI was calculated for each catch-

' Y The percentage of each vegetation type within the catch-

of 76 first-order streams, described by Andersson and Ny'ments was calculated. The digitized wetlands from the

berg (2008). The 14 largest of the 76 catchments were Sei:SO,OOO scale maps were managed in the same way and
lected from that study. The other four were taken from a hy'com ared with the mire types extracted from the vegetation
drological restoration project called “The Laskerud Project” P yp g

. . data. The mires were classed into fens, bogs and mixed
(unpublished data). The streams were first or second order g

No arable or urban land was included in the 18 catchmentsmres'
Forestry occurs in the catchments but was estimated notto bg 3 \y/ater sampling and chemical analysis
of the magnitude of influence to be considered in this study.
Water samples were collected at the outlet of each catchment
3.1 Spatial datasets four times at different flow situations during different sea-
sons: summer low flow, summer medium flow (#1), autumn
1:50 000 and 1:20000 scale official topographic maps frommedium flow (#2) and spring high flow. Fourteen of the
the Swedish Land Survey were scanned and used for delinstreams were sampled in 1998 and 1999 during four sam-
eation of the catchments. Streams, wetlands and contoysling events. The chemistry data from the four streams in
lines were digitized. The contours were used for delineationthe Laskerud Project were selected from a time series from
of catchments. The topographic maps were rather coarsg003 and 2004. The selection was based on season and spe-
in relation to the size of the catchments in this study. Thecific discharge. The filtered samples were kept dark and cool
maps show larger wetlands-Q.5 ha) and the generalization until the concentration of DOC [mg/l] was determined. The
is rather strong. instrument used for measuring the DOC-concentration was a
An official 50 m resolution digital elevation model (DEM) Schimadzu 500 carbon-analyser. Fe, Al and Siwere analysed
and vegetation data were obtained from the Swedish Landavith ICP-OES (Varian).
Survey. The DEM has a mean elevation error of 2.5m. The The runoff was estimated by simple methods (bucket or
vegetation data was produced by visual interpretation of in-float) when the samples were taken. The specific runoff was
frared aerial photos (4600 m) and has comparatively highin average 0.8 I/s/kfat the low flow situation, 13 I/s/kfn
spatial accuracy. at the medium flow #1 situation, 11,l/s/krat the medium
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Table 2. Descriptive statistics for wetland coverage estimated from
topographic maps and from the vegetation database.

Topo.map Vegetation data
% Fen Bog Mixed Sum
Mean 7.7 16 23 3.1 7.0
Std dev 7.5 15 1.9 2.4 6.2
Min 0.5 0 0 0.2 0.2
Max 20.3 51 10.9 8.6 211
n 18 18 18 18 18

flow #2 situation and 30|/s/kfat the high flow situation.
During the high flow sampling round, seven streams were
not sampled due to snow covered roads that made the sites
inaccessible.

3.4 Statistical analysis

PCA analysis was initially performed to study the overall
relations between topographic, wetland and vegetation vari-
ables. Correlation (Pearson) and linear regression analyses
were then performed in order to investigate the covariation
between landscape variables and water chemistry at different
flow situations.

Legend
[ catchment boundary
4 Results Value (%)
-5
. .. I 16-28
4.1 Topographic characteristics % 29-42
] 5‘5-71
The mean size of the 18 catchments was 1.56 {Fable 1). [l 72-88
. I 90- 120
Catchment L5 has been selected to demonstrate the spatially P
distributed data used in the analysis (Fig. 3a—c). L5 was the o w0 v B is3-20

catchment with highest percentage of wetland, 20%. It was
also the catchment with lowest mean slope, 4.1%. The topo-
graphic wetness index for single 60 m cells ranged from
9.6 to 19.1 with a mean of 12.4.

Mean slope and mean topographic wetness index were
strongly (negatively) correlated to each other, which was ex-
pected since the calculation of TWI includes the slope in the
denominator. The correlation coefficient-e0.95 indicated
that the slope has a dominant influence in the TWI, compared
to the upstream drainage area per contour leagth

4.2 Wetland characteristics

Legend
In average 7% of the total area of the 18 studied catchments [ carchmentboundery
. Topographic index value
were covered with wetland (Table 2). The wetland percent- o e
age on the 1:50,000 scale maps was 0.7% larger than the per- .o

centage in the vegetation data. About 40% of the wetland
was mixed mire according to the vegetation data.
There were only small differences in the distribution and

Catchment L5
DEM

0 250 500 Meters
[ —

Catchment L5
Slope

Catchment L5
Topographic index

0 250 500 Meters
[

Legend
[ catchment boundary
- 279m.as.l

—
187

location of wetlands in the two types of data sources. The erig. 3. Topographic description of example catchment (£).Ele-
rors were mainly caused by misinterpretations between wevation [m a.s.l.](b) Slope [%] andc) Topographic wetness index.
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Table 3. Vegetation types, total percentages (for all 18 catchments) and descriptions.

Vegetation type Area [%] Description

1 Coniferous forest, dry 8.1 Bare rocks, thin soil layer, lichens, mosses, mainly pines

2 Coniferous forest, mesic 76.8 Mosses, dwarf shrubs, blueberry, mainly spruce

3 Coniferous forest, moist 4.1 Mosses incl. forest Sphagna, dwarf shrubs, mainly spruce
4 Coniferous forest, wet 1.7 Mosses, low herbs, dwarf shrubs, spruce, waterlogged

5 Coniferous forest, mire 2.7 Fen or bog, Sphagnum spp, Ledum, pine and spruce

6 Deciduous forest, mesic 0.2 Cultivated soil, birch, aspen and other deciduous species
7 Deciduous forest, wet 0.1 Thick forest with birch, alder, viden, wet hummocky ground
8 Deciduous forest, mire 0.2 Fen, sparse vegetation, birch and viden

9 Dwarf shrub hummock mire 0.9  Hummocky peat, Sphagnum spp, shrubs and dwarf pines
10 Mire of lawn type 2.0 Fen or bog, lawn-like vegetation

11 Mire of carpet type 1.1 Fen or bog, wet, soft, carpet-like vegetation

12 Mire of peat mud type 0.1 Fen or bog, mudbottom vegetation, flarks

13 Plantation 0.7 Tree plantation on former open land, spruce or pine

14 Water 0.9 Open water or water with sparse vegetation

15 Others 0.3 Meadow, arable land, grassland, garden etc.

Table 4. Occurrence of vegetation types in the catchments.

Vegetation type

Catchment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B002 X X X X X 5
B0O05 X X X X X X X X X X x 11
B006 X X X X X X X X X X X x 12
B008 X X X X X 5
BO16 X X X X X X X X X 9
B021 X X X X X X X X 8
B024 X X X X X X X X 8
B030 X X X X X X 6
B032 X X X X X X X X 8
B034 X X X X X X X X 8
B106 X X X X X X X X X X x 11
B107 X X X X X X X 7
B109 X X X X X 5
B118 X X X X X X X 7
D1 X X X X X X X X X X x 11
L5 X X X X X X X X X X 12
L69 X X X X X X X X X X 10
L78 X X X X X X X X X 11
n 12 18 17 14 17 5 5 8

coniferous forest and coniferous mire. There is no distinc-4.3 Vegetation characteristics
tion between mire classes in the topographic map. The map

examples show the distribution of fen, bog and mixed mire
(Fig. 4) and the mire types represented in the vegetation

The vegetation database included 22 vegetation types within

database (Fig 5) in catchment L5.

Hydrol. Earth Syst. Sci., 13, 53349, 2009

the catchments, of which the 7 types with smallest percent-
age were merged and categorized as “others”. The catch-
ments were dominated by mesic coniferous forest (77 %) of
total area. Dry coniferous forest covered 8.1% and moist
coniferous forest 4.1%. Of the mire vegetation types the lawn
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Catchment L5 Catchment L5
Mire classes Vegetation types

:I Catchment boundary
Stream

|:| Coniferous forest, dry
|:| Coniferous forest, mesic
Coniferous forest, moist
E Coniferous forest, wet

Decideous forest, wet
l::::::] Coniferous forest mire

E Decideous forest mire
S5 Dwarf shrub hummock mire

Legend

I:I Catchment boundary

I:] Arable land
500 Meters ] 0 250 500 Meters I vt
| IS S S —
Fig. 4. Mire classes in catchment L5. Fig. 5. Vegetation types in catchment L5.
45 7
type (2.0 %) and carpet type (1.1%) was most common (Ta- 45 1 .
ble 3). In Table 4 the occurrences of the different vegetation a5 +

types in each catchment are listed.

There was a large heterogeneity regarding vegetation types
within and between the catchments (Table 4). Catchment,, 57T
B008 and B109 only comprised five vegetation types while 8 W07
catchment BO06 and L5 had twelve. The table also shows™ 15 T y = 0.5046x + 9.6759
the frequency of the vegetation types. Mesic coniferous for- 19+ _ * R? = 08275
est was found in every catchment. Moist coniferous forest 54 '
was found in all but one, while others were less frequent. 0 , , , , , |

0 10 20 20 40 50 B0
Fe

4.4 Chemical characteristics

DOC-concentration was used as a measure of dissolved Okjg. 6. Regressions showing the significant relationship between
ganic matter. The DOC-concentration in the studied catchiron and DOC in the medium #1 flow situation. Units for DOC is
ments were relatively high (Table 5), and the temporal andmg/l and for Fezmol/l.
spatial variations were large (Fig. 7). The highest levels were
found for the low and autumn medium flow samplings. The
high and summer medium flow samplings had lower levelsof silicate weathering, had highest concentrations during the
of DOC. autumn medium flow and lowest during the spring flood.

Fe (Fig. 6) and Al were correlated to DOC (Table 6), and The greatest temporal variability was found in catchment
had similar seasonal patterns as DOC. Si, which is a measu8021 where the DOC-concentration ranged from 15.9 mg/l

www.hydrol-earth-syst-sci.net/13/537/2009/ Hydrol. Earth Syst. Sci., 13,%872009
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Table 5. Descriptive statistics for stream chemistry for four flow situations: low flow (L), medium flow (M1 and M2) and high flow (H). The
unit for DOC is mg/l and for Al, Fe and Si it igmol/l.

DOC Al Fe Si

L M1 M2 H L M1 M2 H L M1 M2 H L M1 M2 H
Mean 188 19.7 144 126 188 196 149 91 264 194 122 83 1060 1052 1151 81.8
Stddev 8.2 7.5 4.2 26 10.7 8.8 53 19 185 130 6.6 4.0 30.7 26.5 16.6 11.6

Min 6.8 8.2 7.3 7.9 3.9 5.9 6.9 5.8 2.5 4.7 2.7 2.6 54.4 70.0 93.5 68.2
Max 326 401 228 167 36.0 421 236 119 628 512 250 16.1 1504 167.8 152.6 102.1
n 18 18 18 11 14 18 17 11 14 18 17 11 13 17 17 11

Table 6. Pearson correlations between the measured chemical constituents at medium flow #1 (M#1) and high #le®8(Fby. M#1 and
n=11 for H. The strongest correlations are highlighted with bold numbeps<@*05, **p<0.01).

DOC (M#1) DOC (H) Al(M#1) Al(H) Fe(M#1l) Fe (H)

DOC (M#1) 1.00
DOC (H) 1.00
Al (M#1) 0.72% 1.00
Al (H) 0.23 1.00
Fe (M#1) 0.79** 0.52* 1.00
Fe (H) 0.68* 0.67* 1.00
Si (M#1) -0.13 —0.16 0.19
Si (H) 0.14 0.62* 0.49
DOC 4.5 Relations between topography, wetland and vegeta-
45 tion
@ Low flow
A:E ;mﬂ :ZEE A principal component analysis (PCA) including all topo-
= i 0 High flow graphic and vegetation variables was carried out to inves-
= o T tigate the relations between those two groups of variables
251 I (Fig. 8). The first principal component explained 40% of the
£ T total variation, and captured primarily the slope-related vari-
% 15 — —— i ation. The second component explained 22%, and described
2 10 . il L . . the variation related to elevation.
S ﬂ {]‘ :IW There was a group of variables that contributed most to
o ML | 10 (1) A |1 PC1: mean slope, mean TWI, total wetland and coniferous
W R O - T T o 5 forest of mire type. These four variables were also strongly
E e e e S s s rr e s oS R BREE correlated to each other. A further analysis of the relation

Catchment between coniferous mire type and total wetland showed that
a rather stable proportion of 40% of the total wetland in each
catchment was of coniferous mire type.

In PC2, dry coniferous forest had the strongest (negative)
correlation with altitude. This was probably a side-effect of
at high flow to 40.1 mg/l at medium flow #1. In B021 the the weak correlation between altitude and latitude. The mean
mean DOC-concentration was 24.5 mg/| while it was as |owaltitude of the catchments was Sllghtly hlgher in the northern
as 7.3 mg/l in catchment BOO2. part of the study region, where the soil cover is somewhat

deeper.
Not surprisingly there were several strong correlations be-
tween wetland, slope and TWI variables (Table 7, Fig. 9).

Fig. 7. DOC-concentrations for the 18 catchments during four flow
situations.
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Table 7. Correlations between topographic and wetland/mire class variables. n=18. The strongest correlations are highlighted with bold
numbers p<0.01).

Mean slope Mean TWI Wetland (Topo. map) Wetland (Veg. data) Fen Bog Mixed mire
Mean slope 1.00
Mean TWI —0.95 1.00
Wetland (Topo. Map) -0.84 0.88 1.00
Wetland (Veg. Map) —0.83 0.90 0.96 1.00
Fen —0.69 0.64 0.54 0.62 1.00
Bog —0.66 0.68 0.86 0.86 0.47 1.00
Mixed mire —0.66 0.79 0.78 0.82 0.27 0.49 1.00
Coniferous forest mire -0.72 0.79 0.84 0.92 0.59 0.82 0.70
Mire, lawn type —0.61 0.63 0.70 0.64 0.23 0.64 0.54
Mire, carpet type —0.58 0.62 0.56 0.62 0.63 0.34 0.60
Dwarf shrub hum. mire —0.42 0.50 0.58 0.67 042 0.51 0.60

Table 8. Correlations between topographical/wetland variables and stream chemistry variables (L represents low flow, M#1 and M#2 medium
flow and H high flow). The strongest correlations are highlighted with bold numper8.01).

Mean slope Mean TWI Wetland (Topo. map) Wetland (Veg. data) Fen Bog Mixed mire
DOC (L) r —0.52 0.49 0.37 0.36 0.24 0.30 0.29
n 18 18 18 18 18 18 18
DOC (M#1) r -0.73 0.76 0.58 0.69 0.56 0.36 0.71
n 18 18 18 18 18 18 18
DOC (M#2) r -0.72 0.73 0.60 0.62 0.49 0.29 0.67
n 18 18 18 18 18 18 18
DOC (H) r —-0.92 0.97 0.85 0.88 0.52 0.61 0.85
n 11 11 11 11 11 11 11
Al (L) r -0.21 0.17 0.01 —0.02 —-0.12 -0.30 0.28
n 15 15 15 15 15 14 15
Al (M#1) r —-0.24 0.31 0.03 0.14 0.11 -0.31 0.50
n 18 18 18 18 18 17 18
Al (M#2) r —0.16 0.22 0.02 0.05 —0.03 -0.40 0.48
n 17 17 17 17 17 16 17
Al (H) r —0.05 0.10 -0.14 —0.08 —-0.22 -0.48 0.47
n 11 11 11 11 11 10 11
Fe (L) r —0.40 0.28 0.17 0.20 0.35 0.13 0.11
n 15 15 15 15 15 14 15
Fe (M#1) r —0.58 0.60 0.39 0.52 0.40 0.19 0.61
n 18 18 18 18 18 18 18
Fe (M#2) r —0.67 0.69 0.56 0.61 0.39 0.28 0.73
n 17 17 17 17 17 17 17
Fe (H) r -0.81 0.86 0.71 0.77 0.45 0.42 0.82
n 11 11 11 11 11 11 11
Si (L) r —0.16 0.19 0.35 0.25 —0.35 0.06 —0.16
n 15 15 15 15 15 14 15
Si (M#1) r 0.23 —-0.32 —0.46 —0.34 —-0.23 -0.48 0.23
n 18 18 18 18 18 17 18
Si (M#2) r —0.16 0.02 0.17 0.15 0.06 0.24 -0.16
n 17 17 17 17 17 16 17
Si (H) r 0.04 —-0.22 —0.28 —0.18 0.04 0.01 0.04
n 11 11 11 11 11 10 11
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Fig. 8. PCA analysis of the most significant topographic and vege- . ] )
tation variables. The axes represent loadings for PC1 and PC2. Thelable 8). The clas#/ixed mirehad stronger correlations

topographic variables included were mean altitude, mean slope anthanFenandBog

mean TWI. The vegetation variables were total wetland and vari- Si was not significantly correlated to topography or wet-
ables no. 1-2, 4-5 and 7-11 in Table 3 (calculated as percentagésnd.

of each catchment). There were strong correlations between mean topographic
wetness index and DOC-concentration (Table 8, Fig. 10). It
was strongest at the high flow situation and decreasing with

25 T
decreasing flow. The fact that mean TWI gave the strongest
20 4 7 correlation can be explained by that it includes other surfaces
with peat layers than only mapped mires, e.g. so called cryp-
=X 15 | tic wetlands.
o
[=
K . .
% 107 5 Discussion
=
5+ y= 12'66X' L Is it possible to predict stream water chemistry by analyz-
2 R =0.7704 ing official maps and map data? This question would prob-
0 ‘ 1 1 ably get a negative answer from many researchers. With
11 115 12 12.5 respect to the complexity and high number of relationships

and varied landscape elements that influence stream water
chemistry, several of them are not covered by available offi-
Fig. 9. Relationship between mean TWI and wetland percentage. Cial maps and map data. The maps are also, in general, too
coarse compared to the scale of most process studies. The re-
sults of this study, however, where catchments in the scale 1—
4.6 Relations between topography-wetland-mires 4 km? were investigated, show that official topographic maps
classes and water chemistry and elevation data (50 m DEM) can be used for prediction of
DOC-concentration at four different flow situations. Other
A correlation analysis including topography, wetland per- variables measured, such as concentrations of Fe, Al and Si,
centages and water chemistry (Table 8) showed moderate antid not show the same clear relations at all flow situations,
strong pair-wise correlations between topography-wetlandprobably because they are more closely related to the geol-
(as mentioned above), wetland-chemistry and topographyegy, which was not included in the map data. The eleva-
chemistry. The chemistry referred to here is DOC- and Fe-ion data, recalculated as mean slope and mean TWI, showed
concentration during medium and high flow. very strong correlations with DOC-concentration, increasing
The classification of wetlands into bogs and fens did notwith increasing flow. Mean slope and mean TWI are mea-
give any stronger correlations in relation to water chemistrysures of the catchment’s topographic characteristics, which

Mean TWI
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explain to what extent the groundwater is fluctuating at or There is still a large gap between process knowledge in

near the ground surface where many chemical processes talkenall versus large hydro-chemical scales. Many studies have

place. Using the mean values makes random errors in theeen carried out in few and small catchments, where it has

map information less important. been possible to measure and control many spatial and tem-
In addition to topographic map data, wetland data wereporal variables with high accuracy. Environmental institutes

also useful in predicting stream water chemistry. Both topog-and agencies are, however, in need of simple and cost effi-

raphy and wetland variables were more strongly correlated t@ient methods for monitoring stream water chemistry. There-

water chemistry at medium (summer and autumn) and higHore, studies of the potential to use official map data in the

flow (spring flood) than they were at low flow (summer). up-scaling of local process knowledge are of crucial impor-

This indicated that, within the 12660 km region, the con- tance.

nection between the sources of dissolved organic carbon and

the stream was weaker during low flow. One possible reason

was the longer retention times for water in the ground andé Conclusion

streams which could give more time for biological degrada-

tion of organic matter. The low flow situation also occurred Official map data could be used for predictions of DOC-

during summer when the biological activity was high. concentration in boreal headwater catchments. This con-
The vegetation map data did not add much to the results¢lusion was supported by strong correlations between mean

even if there were some significant correlations with waterwetland percent, mean slope, mean topographic wetness in-

chemistry variables. The vegetation database was, howevefiex and DOC-concentration for different flow situations at

useful for validation of the topographic map data that weredifferent seasons. Mean TWI gave the strongest correlation,

produced by interpretation of black and white aerial photosWhich shows that the relatively coarse elevation data (50 m

taken from a higher altitude, and thus less accurate, espd?EM) can be used for predictions of DOC-concentration in

cially fuzzy objects like wetlands. Our findings are contra- boreal catchments in the range of 1-4%m

dictory to the statement by Rodhe and Seibert (1999) that _ _
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