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ABSTRACT: 
Phosphorus flowing via rivers into the Baltic Sea is a major source of nutrients, and in 
some cases the limiting factor for the growth of algae which causes the phenomenon 
known as eutrophication. Remote sensing of phosphorus, here using Landsat TM-data, 
can help to give a better understanding of the process of eutrophication. Since Landsat 
TM-data is used, this could form a basis for further spatio-temporal analysis in the 
Baltic Sea region. A method originally described and previously applied for a Chinese 
river is here transferred and applied to three different rivers flowing into the Baltic Sea. 
The results show that by measuring the proxy variables of Secchi Depth and 
Chloryphyll-a the remote sensing model is able to explain 41% of the variance in total-
phosphorus for the rivers Dalälven, Norrström and Gavleån without any consideration 
taken to CDOM, turbidity or other local features. 
 
Keywords: Remote Sensing, Phosphorus, Eutrophication, Rivers, Baltic Sea 
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1. INTRODUCTION 
1.1 PHOSPHORUS & EUTROPHICATION 
The increased use of the nutrients nitrogen (N) and phosphorus (P) during the last 
decade has led to a disturbance in the natural cycles of the substances and that the 
outputs to lakes and seas around the world have increased (Grizetti et al. 2011). 
Phosphorus is in some cases considered to be the limiting factor of the growth of 
phytoplankton that can lead to the state of eutrophication for a lake or a sea (Savage et 
al. 2010). In the other case it is Nitrogen (N) that is the limiting factor for the 
phytoplankton growth (Rockström et al. 2009 ; Grizetti et al. 2011).   
In the last ~100 years, the humans have accelerated in its way of interacting with the 
resources of the earth and this has led to the fact that humans are now changing the 
Earths system (Rockström, 2009). One effect from this change is that the nutrients N 
and P have been utilized in a much more effective way than before, mainly because of 
their positive effects on plant growth. The fertilizers used for an increasing food 
production has historically been cheap in relation to their payoffs, and has therefore 
been much overused around the world (Cloern, 2001). The effects of this is now starting 
to show, and it is in most of the cases very undesirable from a human perspective 
(Cloern, 2001 ; HELCOM, 2009). 
 
This report will focus on the levels of P since this substance is mainly transported in its 
dissolved form, and not in the form of gas as can N, which is perhaps more 
straightforward to quantify with methods of remote sensing. 1 - 5% of the P that enters 
the Baltic Sea comes from aerial sources; compared to 25% for N. HELCOM (2005) 
also computed that 49% of the P that enters the Baltic Sea comes from rivers. To be 
able to monitor P over large areas this report is based on a method developed by Wu et 
al. (2010), which utilizes Landsat TM-data to extract reflectance-values from 
watercourses and relates these values to ground measured P-data. In this report we used 
P-data that were measured by the Swedish Agricultural University (SLU), which have a 
long history of measuring i.e. water quality for national purposes. 

1.2 EUTROPHICATION STATUS OF THE BALTIC SEA 
The Baltic Sea is a special sea in that sense that it only has a small passage (The 
Kattegatt Strait) that connects it with the Atlantic Ocean. Because of this, the exchange 
of water takes much longer time than in other areas and therefore excess nutrients stay 
in the basin and are not dispersed in the same way as in other seas. Much research has 
been published on this topic, and the widespread algae-blooms of recent summers have 
also caught the public eye since it is a visible, and highly undesirable, effect of the 
eutrophication (HELCOM, 2009). 

1.3 GOAL 
The methods of detecting P-concentrations via proxys such as chlorophyll-a (Chl-a) and 
secchi depth (SD) via remote sensing, as presented by Wu et al. (2010), could prove to 
be a great help in collecting P-data on a larger scale in the Baltic Sea region. The goal 
for this paper is to find out if the methods presented by Wu et al. (2010) are valid also 
for the Baltic Sea region. This will be examined by remote sensing studies using 
Landsat TM-data of three specific locations where data for P has been measured over 
time.  
This method could prove to be a cost effective way of measuring P-loads in the Baltic 
area and also provide modelled data for the rivers that lacks measuring stations. 



Estimating Phosphorus in rivers of Central Sweden using Landsat TM data 

  5 
 

Since the model is based on Landsat-data which dates back to 1984, it will also be 
possible in further studies to look at the evolution of the tributaries to the Baltic Sea. 
This could lead to a greater understanding of the effects of i.e. changes in land cover or 
better waste-water treatment and their connection to phosphorus loads. The Landsat 
sensor was used also because of its relatively high spatial resolution (30 m) to be able to 
capture the rivers in this study. There are sensors with higher spectral resolution, such 
as SeaWiFS, but the spatial resolution is much too coarse for this study. 
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2. BACKGROUND 
2.1 GENERAL BACKGROUND 
An increase of nutrients in a water body leads to a chain of events that is described in 
Figure 1. This figure is simplified and there are many more effects that are not included 
here. However, it does capture the main effects that are relevant for this study, and for 
the Baltic Sea as a region.  
 

 

2.2 PHOSPHORUS & SECCHI DEPTH 
Secchi depth (SD) is a way of measuring the transparency of water. It is a basic method 
that includes a black and white disc (called Secchi disc) which is manually lowered into 
the water to measure at which depth it becomes invisible. This gives you a standardized 
measurement of water transparency, called the Secchi depth (Giardino et al. 2001). 
An excess of nutrients in a water body will lead to a rapid response on the growth of 
phytoplankton (Figure 1), which in turn leads to a decrease in the transparency of the 
water. This effect gives the opportunity to optically measure the changes with the sensor 
of i.e. LANDSAT TM.  
There has been several studies on how to best measure these changes (Sriwongsitanon 
et al. 2011 ; Zhao et al. 2011 ; Allee & Johnson, 1999 ; Allan et al. 2011 ; Kratzer et al. 
2003). By dividing the Landsat TM band 1(TM1) with TM band 3(TM3) it is possible 
to estimate the SD with good results. Some studies also suggest that the TM1 alone also 
can be a good predictor for the SD (Wu et al. 2010). 

2.3 REMOTE SENSING OF PHOSPHORUS & CHLOROPHYLL-A 
The concentration of Chl-a is a commonly used measure of how the current biomass of 
phytoplankton is distributed in a water body (HELCOM, 2009). This concentration is 
often used in remote sensing of water quality since it displays optical changes on the 
surface of the water, which can be quantified with optical sensors such as the Landsat 
TM.  
Allee & Johnson (2011) showed that the Chl-a content of a waterbody can be estimated 
using the Landsat TM2 & TM3 spectral bands, and also has a relationship with TM1, 
although not as strong. Chl-a has a strong linear relationship with P, since the growth of 
phytoplankton is dependent on the P and N content as showed in Figure 1 (Wu et al. 
2010).  

Increased nutrient 
load 

 

(Direct responses) 
Changes in:  
1. Chlorophyll 
2. Primary Production 
3. N:P Ratios 
4. Algae Blooms 
5. Increased 
sedimentation of 
organic matter 

(Indirect responses) 
Changes in: 
1. Water transparency 
2. Distribution of 
long-lived submerged 
vegetation 
3. Dissolved bottom 
water oxygen 
concentrations 
4. Mortality of 
fish/Invertebrates 
 
 Figure 1. Simplified conceptual model of the eutrophication process of the Baltic Sea. Based on 

Cloern (2001) and HELCOM (2009). 
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The reason behind the optical change is the process of photosynthesis that takes place 
inside the phytoplankton and produces Chl-a. The cyanobacteria is therefore often 
called blue-green algae, simply because of its colour (Zhao et al. 2010 ; Härmä et al. 
2001). Since phosphorus levels per se cannot be measured with optical remote sensing 
satellites, this study is based on the proxy variables described above. 
The relatively high content of colored dissolved organic matter (CDOM) in the Baltic 
Sea causes the algorithms that measures Chl-a on a global scale to overestimate the Chl-
a content in the Baltic Sea (Grizetti et al. 2011). The CDOM in the Baltic Sea has its 
optical impact on the TM1 of the Landsat satellite; this might affect the results as TM1 
is used in two of the variables that build the model (Kratzer et al. 2003). Unfortunately, 
SLU does not measure CDOM and it is therefore not included in this study.  
The temporal difference between the date of the measurement and the registration by 
the satellite is of course a variable that will have influence on the results. The impact of 
this discrepancy has been measured by Kloiber et al. (2010) in relation to SD. The 
results point to the fact that a difference of ±7 days still gives relatively high r2-values in 
the range of 0.7 – 0.8.  
Another factor that will have influence on the results is that there are samples from 
three different water-bodies in the model. This could be considered both as a weakness 
and a strength, as the results with higher probability will be valid to more rivers in the 
region if the results show that the rivers have the same optical qualities. The weakness 
of this method could become evident if the results turn out to be dispersed amongst the 
three different rivers. If i.e. one river differs much from the others, this will have the 
effect that the correlations will be significantly lower for the model (Allen et al. 2011).  
The turbidity of a river could possibly also impact the optical measurements since it 
affects the surface of the water which could cause undesirable reflections and scattering 
(Pulliainen et al. 2001).  
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3. METHOD AND DATA 
The method used in this paper is based upon an article by Wu et al. (2010), in which the 
tot-P values of the River Quintang (China) are quantified using satellite data from the 
Landsat TM sensor. The results from this article suggests that the approximated SD 
values together with the approximated Chl-a value and the values from TM1 can 
describe the tot-P contents of the river. This method utilises the ratios of TM1/TM3, 
TM3/TM2 and TM1 as described in the background. The, by SLU, in situ measured tot-
P-values were here used as the dependant variable and the values and ratios derived 
from the satellite images (TM1/TM3, TM3/TM2 and TM1) has been set as the 
independent variables for the regression. The resulting regression model was then 
applied to the values (TM1/TM3, TM3/TM2 and TM1) from the selected ROI’s and 
used as the model output predicted tot-P. 

The analysis of the results from this model and the variables that is included is 
computed using the programs EXCEL and R. Potential outliers in the results will also 
be handled, if found, as they can have major impacts on i.e. correlation values (Alee & 
Johnson, 1999).  

3.1 ATMOSPHERIC CORRECTION 
For the atmospheric correction, a modified version of the “Improved dark-object 
atmospheric correction for Landsat 5” by Chavez (1996), have been used. This model 
works as follows: 
 
 Step 1: Lλmin = LMIN + QCAL * (LMAXλ - LMINλ) / QCALMAX 

 Where: QCAL is the lowest value in the picture in Digital Numbers(DN), 
 QCALMAX = 255 and the constants LMAXλ and LMINλ are found in table 2 
 of Markham & Barker (1986). The selection of QCAL is done manually by 
 looking at the individual histograms for each TM-band and see where the 
 numbers starts (Chavez, 1988). 
This step converts the lowest value of the picture to an “at-satellite” minimum spectral 
radiance value, which is used in step 3 of the model.  
 Step 2: Lλ1% = 0.01 * d2 * cos2θ / (π * ESUNλ) 

 Where: ESUN is the spectral irradiance from table 4 of Markham &  
 Barker (1986), d is the distance between the sun and the earth in   
 atmospherical units, θ is the sun elevation angle (90° - sun height   
 angle). The sun height angle is found in the metadata of each scene.  
This step computes the theoretical radiance of a “Dark object” with the theoretical 
reflectance of 1%, as proposed by Chavez (1996) and Moran et al. (1992). 
 Step 3: Lλhaze = Lλmin - Lλ1% 

Step 3 computes a value for the haze that may be present in the image. 
 Step 4: p = π * d2 * (Lλsat - Lλhaze) / ESUNλ * cos2θ 

The last step converts radiance to reflectance values, as proposed by Chavez (1996).  
These four steps have been aggregated into a model, which was run in the program 
ERDAS IMAGINE. For full overview of this model, see Appendix and Arizona Remote 
Sensing Center (2011).  
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3.2 STUDY AREA 
The study area is located in the central eastern part of Sweden (Figure 2). This area 
corresponds to the coverage of 
path 193 row 18 of the Landsat-5 
used in this study. It was also 
possible to link together three 
different Regions of Interests with 
the measured data from SLU in 
this particular region. The region is 
also situated in the middle of the 
Baltic Sea region, which 
potentially will make the results 
valid to a larger area if 
extrapolated in later studies.  
Historical records from sediments 
in Himmerfjärden, south of the 
study area, shows that high 
numbers of phytoplankton better 

correlates with high P-values than with 
N-values, which indicates that, for this 
region, P could be the more limiting 
factor for the growth of phytoplankton 
(Savage et al. 2010). 

3.3 REGIONS OF INTEREST 
The regions of interest (ROI) in this study have been chosen on the basis of where the 
measurement stations from SLU are located. Since the stations are often placed in the 
vicinity of infrastructure to help the collecting of the results the ROI’s has to be placed 
some distance away from the stations to not risk having mixed pixels, but this distance 
have been kept to a minimum and is approximated to ~50 m at the most. The size of the 
ROI’s has been chosen on the basis of Allen et al. (2001) who shows that the accuracy 
of ROI’s for these kind of measurements increases up to a size of nine pixels and after 
that the accuracy is relatively constant. The ROI’s are placed in the middle of the 
streams with some distance to the shore to avoid mixed pixels (Koponen et al. 2001).  
The pixel values from the ROI’s are extracted and then processed in Excel and a mean 
value from each ROI is calculated to avoid any errors based on some fault in the 
registration of the individual pixels (Allen et al. 2001). The extracted reflectance values 
from TM1, TM2 and TM3 are then related to the corresponding ground measured water 
quality data provided by SLU. 
3.4 METHODS FOR WATER QUALITY MEASUREMENTS 
For the complete description of the method used for the water quality measurements 
please see SLU (2011b).  

3.5 DATA 
The data needed for the ground truth measurements of tot-P is collected from the 
database called “Vattenkemi” which is maintained by SLU. This database contains lots 
of parameters concerning the chemistry of the water, such as tot-P (SLU, 2011a). For 
detailed information regarding the variables, see Appendix.  
 
The data for the remote sensing was collected from the Landsat 5 satellite via USGS 

Figure 2. The Baltic Sea Region and the 
major rivers. See Appendix for more 
details. 
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(2011; Table 1).  
 
Table 1. Scenes that are included in this study. Collected via USGS (2011). 

Satellite/sensor Date Local time Path/row 

Landsat 5/TM 1984-06-07 09:28:44 193/18 

Landsat 5/TM 1987-04-29 09:23:56 193/18 

Landsat 5/TM 1987-07-18 09:25:47 193/18 

Landsat 5/TM 1987-09-04 09:27:09 193/18 

Landsat 5/TM 2003-07-14 09:36:56 193/18 

Landsat 5/TM 2003-08-06 09:43:09 193/18 

Landsat 5/TM 2006-08-07 09:53:54 193/18 

Landsat 5/TM 2009-06-28 09:49:07 193/18 

Landsat 5/TM 2009-08-15 09:49:52 193/18 

 
These scenes has been chosen, out of many possible scenes during the period 1984 – 
2010, for their lack of cloud cover and that they are taken during the summer. With one 
exception, the scene from 1984-04-29, which will be discussed later.  
Table 2 shows which specific ROI’s that was used for the model. In the cases where an 
area has not been sampled, the reason for this is exclusively a partial cloud cover over 
that specific area. The scene from 1987-04-29 differs much from the others as it is from 
April. This scene is not included in the actual regression model but will be discussed 
later in this report for other reasons.  
That the ROI’s lies within one single satellite scene minimize the potential errors that 
can be found when comparing satellite data (Song et al. 2001). Further, the opportunity 
of having three different ROI’s within one single satellite scene is also desirable from a 
data management perspective as one satellite scene is quite large and every step of data 
processing is processor intensive.  

 
Table 2. Sampled scenes and ROI's. 

  Norrström Dalälven Gavleån 
1984-06-07 X X   
1987-04-29 X X X 
1987-07-18 X X X 
1987-09-04 X X   
2003-09-16 X X X 
2006-08-07 X X X 
2009-06-28 X   X 
2009-08-15 X X X 

Sum 8 7 6 
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4. RESULTS 

4.1 RATIOS & CORRELATIONS 
The results from the statistical calculations show that the model is able to explain 41% 
of the Tot-P variance and is statistically significant at the 95%-confidence level (Figure 
7). The ratios derived from the satellite images are correlated with the measured tot-P 
values, with R2-values ranging from 0.10 to 0.28 (Figures 4, 5 and 6).  

 
Figure 3. Reflectance from TM1 plotted against measured tot-P in µg/l. n=18. 

The correlation between the reflectance of TM1/TM3 and the measured tot-P is higher 
than Figure 3, but is only able to explain ~28 % of the variation in P (Figure 4). The 
reflectance values in this figure stretches between 2.6 – 3.7, which seems quite possible, 
since it is approximating the SD for the rivers. 

 
Figure 4. Reflectance from the ratio of TM1/TM3 plotted against measured tot-P in µg/l. n=18. 

The relationship between approximated Chl-a and the measured tot-P gives a 
correlation of 0.12 (Figure 5).  

y = -0.3989x + 4.37 
R² = 0.2826 

 

y = -0.0244x + 0.2642 
R² = 0.1007 

 



Marcus Andersson 

 12 

 
Figure 5. Reflectance from the ratio of TM3/TM2 plotted against measured tot-P in µg/l. n=18. 

The relatively “low” R2-values of the figures 3, 4 and 5 is not to be interpreted as a 
failure of the model since the ratios is not directly related to the tot-P values as 
described in the background. It is shown here in the purpose of giving a visual aid to the 
numbers that is included in the model, as well as to give the reader a picture of the 
dispersion of the sampled locations.  

4.2 REGRESSION 
The output from the regression model in Excel gives the equation: 
 ln(Tot-P) = -0.13996152033693(TM1) - 1.7706490606868(TM1/TM3) - 
 9.9654950890306(TM3/TM2) +14.064518214458 
Where the R2 is 0,41. The regression is considered significant at a α of 0.05 (p=0,0041). 
See Appendix for details.  
For a threshold value of ln(totP) 3.2, the model over predicts values under this value 
and consequently under predicts values above (Figure 6).

 
 
Figure 6. Regression of the measured and the modelled tot-P values in (nlog) µg/l. 

y = 0.03x + 0.4409 
R² = 0.1163 
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4.3 MODEL 
Results from the modelling shows that the errors are distributed in a quite interesting 
way. The model underestimated six of the seven samples taken at Norrström and four of 
the five samples from Gavleån. All of the samples from Dalälven were on the other 
hand overestimated which indicates that Dalälven is in some way different than the 
other two investigated areas (Figure 7).  
 

 
Figure 7. Residualplot, Measured P - Modelled P for the three different areas. See table 2 for a list of the 
different sampled scenes included.  

4.4 TEMPORAL EFFECTS 
The temporal effect of the scene from April becomes quite clear when these values are 
included in the equation. The r2-value of all of the three used proxy-measurements 
drops when the scene from April is included. This indicates that the model actually 
measures the tot-P content and these reflectance values represent something else than 
the P-values.  

 
Figure 8. TM1 plotted against measured Tot-P. The excluded scene from April is highlighted. 

y = -0.0128x + 0.2399 
R² = 0.011 
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Figure 9. TM1/TM3 plotted against measured Tot-P. The excluded scene from April is highlighted. 

 
Figure 10. TM3/TM2 plotted against measured Tot-P. The excluded scene from April is highlighted. 

y = -0.54x + 4.6432 
R² = 0.1187 

 

y = 0.063x + 0.376 
R² = 0.035 
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5. DISCUSSION 
The model explains ~41% of the variance in the modelled values for tot-P. The 
difference between the modelled values and the 1:1-line (Figure 6) is probably an effect 
of the differences between the studied areas where it is the values from Dalälven that is 
over predicted (Figure 7). The use of TM1 as a predictor has to be discussed and 
carefully considered if it is to be used in further studies of the same kind for the Baltic 
Sea area. The main concern here lies in the fact that the R2-value between measured tot-
P and reflectance from TM1 is -0.1007 for this study and in the article by Wu et al. 
(2010) it is 0.65. This is unfortunately outside of the scope of this study to discuss 
further, but has to be mentioned and noticed.  
Although, this result is quite promising since the method is directly transferred from a 
completely different area of the world with no consideration to the local differences, 
such as CDOM, climate and the use of three different ROI’s i.e. Chen & Quan (2011), 
proved that with the inclusion of CDOM and suspended particulate matter-data in 
relation to Landsat TM-data, more of the variance could be explained (R2=0.63), they 
also state that P has more impact than N on the optical variables of a river. 
The differences in CDOM between the regions can have a major impact on the result, 
since this feature mostly affects the TM1-band, which is included in two of the used 
proxys for this model (Kratzer et al., 2003). This is very hard to discuss since SLU does 
not measure the CDOM-levels or any other optical feature at the stations sampled for 
this paper. Kutser et al. (2004) did show that the CDOM-levels could be quantified with 
good results using data from the Advanced Land Imager (ALI) and Hyperion systems. 
Since ALI is a prototype of the new Landsat sensor launching in January 2013 this 
could prove important in further studies covering this region.  
Using models focusing on the suspended particulate matter (SPM) in rivers, such as 
Håkanson (2006) or Chen & Quan (2011), could perhaps also be a way to reach better 
understanding of how to measure P-loads in water using remote sensing. 
 
Figure 7 shows that the three examined areas differs from each other, but that the 
Norrström and Gavleån looks more alike than the Dalälven, where the model in all 
cases overrates the tot-P content. The measured mean tot-P in Dalälven in this study is 
19.1 µg/l, 29.75 µg/l for Norrström and 32.3 µg/l for Gavleån. Because of this is likely 
to believe that if you exclude Dalälven from the model you would get a higher R2-value, 
but since the number of samples already is quite small it would not be possible to draw 
any conclusions from this. The method proposed by Kloiber et al. (2002) of classifying 
lakes by their clarity with aid of remote sensing using the Landsat sensor could possibly 
be a solution to this issue. By applying this, or a revised, method prior to any other 
analysis of the images, different algorithms for different classes could perhaps be 
constructed.  
The figures 8, 9 and 10 shows that the scene from April gives values that differs 
relatively much from the other scenes included in the model. This would also be 
expected since the properties of the water change over the course of a year, especially in 
this northern region where temperatures seasonally drops below 0°C with ice as a 
consequence. The result shown in Figures 8, 9 and 10 confirms that the physical 
properties of the water that is measured via the satellite sensor. The removal of the 
scene from April raised the R2-values in all three of the tested ratios. This was to be 
expected and can also be interpreted as an indication that the model is working, and 
actually measures P-levels. In April the spectral response of the water surface is 
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governed by different processes since the algae production has not started yet due to 
physical factors. The relatively high measurements of tot-P from the SLU-stations for 
the scene from April suggest that the water can contain a significant load of P without 
having the optical attributes that this model implies. One way of reaching a better 
understanding of the P-levels for the area would be to look at the variations over the 
course of a year or more. This is unfortunately outside the grasp of this paper. 
The temporal difference between the date of the sample and the passing of the satellite 
also has implications for the result as described by Kloiber et al. (2010). Since the mean 
difference in this study is ±7.32 days some values will have less significance than 
others, but is here treated the same way anyways. This is something that is very hard to 
get around in almost all papers based on remote sensing and has to be accepted. 
Although keeping in mind that it does have a major effect on the conclusions one can 
draw from a study.  

Research on the remote sensing of Finnish rivers by Pulliainen et al. (2001) shows that 
the surface turbidity could have some impact on the resulting images. The effects is 
generally higher further up a stream, but as the ROI’s in this paper is situated near the 
drainage to the Baltic Sea, this should not be able to compromise with my results to any 
major extent. Allen et al. (2011) did show that it is possible to take data from multiple 
sources and build a model that predicts the Chl-a contents with good results from lake 
studies in New Zeeland.  
The atmospheric correction used (see Method) for stratifying the different satellite 
scenes is based on well-established theory and should not be of any problem to the 
results. Some pixels were also calculated manually to make sure that the model used for 
the purpose worked in the described way. The manual selection of QCAL could pose a 
source of error in theory, but since the selection is based on the histograms, this risk is 
minimized. Another atmospheric correction method would probably give another result. 
But since all corrections strive to homogenize differences to be able to compare images, 
the absolute values would be different but the actual result would not.  
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6. CONCLUSIONS 
The model, as described by Wu et al. (2010), works reasonably well in Scandinavian 
conditions. There is, however, still work to be done on what the differences are and how 
you can implicate that into a new model, more specific for this region.  

Temporal factors can have a major impact on the results. In this paper, this was clearly 
shown with the scene from April used to illustrate this. To be able to draw any further 
conclusions, the ground measurements would have to be closer in time to the 
registration from the satellite sensor.  

The paper suggests that different waters have different properties and this makes it hard 
to draw general conclusions about a whole region, such as the Baltic Sea. The use of a 
pre-classification such as described by Kloiber et al. (2001), can possibly be of use in 
further studies on this topic since one of the measured water bodys differed significantly 
from the other two. 
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8. APPENDIX 
 
Table 3. The variables used for the model. The result from the model is shown in green. 

Nlog_TotP TM1 TM1_TM3 TM3_TM2  Modeled 

3,526360525 0,176479 3,139486 0,514358  3,355057885 

3,17805383 0,180386 3,490786 0,483301  3,041980422 

3,218875825 0,220593 3,245469 0,512965  3,175106858 

3,17805383 0,235305 3,249426 0,518556  3,110324203 

3,583518938 0,172319 3,032323 0,526306  3,426320455 

3,663561646 0,148337 2,885011 0,548223  3,472101111 

3,17805383 0,171347 2,862289 0,555204  3,439544163 

3,218875825 0,181002 2,899413 0,556326  3,361277973 

2,302585093 0,174366 3,706566 0,471357  2,779780209 

2,708050201 0,20917 3,319727 0,540721  2,768618499 

2,63905733 0,234244 3,077774 0,549144  3,109583591 

3,258096538 0,166185 2,771344 0,553206  3,621209383 

2,995732274 0,165689 2,902907 0,570971  3,211289881 

3,433987204 0,177553 3,441873 0,496893  2,993533681 

3,526360525 0,235177 3,062851 0,55438  3,08369707 

3,218875825 0,172459 2,932537 0,554738  3,319647891 

3,583518938 0,151777 2,69174 0,585112  3,44621761 

3,526360525 0,168297 2,837123 0,581479  3,222687817 

      

-9,965495096 -1,770649061 -0,139961523 14,06451822   

6,175826668 0,759871229 3,053531671 5,351183789   

0,411076244 0,310144708 #N/A #N/A   

3,257392467 14 #N/A #N/A   

      

Tot-P = -0.13996152033693(TM1) - 1.7706490606868(TM1/3) - 
9.9654950890306(TM3/2) +14.064518214458 

 



Marcus Andersson 

 22 

 

 
Figure 11. Enlarged map over the examined area. 

 
 
Table 4. Bandwidths for the Landsat TM sensors (USGS 2012). 

 

 
 

 
 

 
 

 
 

Bandnumber µm Resolution 

1 0.45-0.52 30 m 

2 0.52-0.60 30 m 

3 0.63-0.69 30 m 

4 0.76-0.90 30 m 

5 1.55-1.75 30 m 

6 10.4-12.5 120 m 

7 2.08-2.35 30 m 
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Figure 12. Measured and modelled Phosphorus values. 
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