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Abstract 

Development and Testing of a Hydro-Chemical River Mixing Model to Investigate 

Sources of Carbon and Mercury in the Mackenzie River Basin, Canada 

Torbjörn-Johannes Erikson 

Mercury, Hg, is found in Arctic biota in alarming quantity, posing a potential health risk for the local 

population. It is believed that the large Arctic rivers contribute to this. The Mackenzie River annually 

transports approximately 325 km3 water to the Arctic Ocean, which is ca 10% of the freshwater received. 

The annual water flow also transports ca 2 ton of Hg. In order to investigate the source of Hg within the 

Mackenzie River Basin and the path of transport, a hydro-chemical river mixing model is constructed 

using field data gathered in summer 2018 and publicly available data. However, since the Hg 

concentration is very low in the river water and it is known that Hg binds very strongly to dissolved 

organic carbon (DOC) and particulate organic carbon (POC), both DOC and POC are utilized instead 

as proxies for Hg. 

The purpose of the model is to allow for estimations to be made of the relative contributions of 

different sub-basins and effluents to the total outflow of (e.g.) DOC at the mouth of the Mackenzie 

River, based on limited hydrographic and riverine water quality data. The model was used to estimate 

the mixing of DOC and POC sources for summer 2018 as an initial test of its performance. It performs 

adequately as it can estimate the amount of water discharge and DOC/TOC (total organic carbon) load 

that each node contributes to the Mackenzie River.  

The results from the model suggest that the contribution of organic carbon from each sub-watershed 

is not solely dependent on either drainage area size or water discharge; additionally, it appears to be 

determined by the local environment and geology. Water from catchment areas containing peatlands 

have high DOC content, and water passing through regions with coal layers have high POC content. 

The loss of POC towards the end of the model coincides well with the expected deceleration of the water 

discharge entering the Mackenzie River delta.  

It is concluded that the model should be useful for the study of Hg origin and transport in the 

Mackenzie River. Also, it has the potential for being a starting point for a more advanced or predictive 

model. 
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Populärvetenskaplig sammanfattning 

Kartläggning av källor och transport av kol och kvicksilver i Mackenziefloden 

Torbjörn-Johannes Erikson 

Varje år levereras stora mängder kvicksilver till det Arktiska havet. Kvicksilver är ett välkänt miljögift, 

tungmetall, och har kapaciteten att ackumuleras i näringskedjan. 

Kring Arktiska havet finns det ett flertal bosättningar där innevånarna får sin näring främst från havet 

och denna befolkning riskerar att bli påverkad av kvicksilverhalten i deras mat. 

Mackenziefloden mynnar ut i det Arktiska havet i norra Kanada. Med ett vattenflöde av ca 325 km3 

vatten per år och ett avrinningsområde på 1.8 miljoner km2 bidrar Mackenziefloden med ca 10% av 

färskvattentillförseln till Arktiska havet. Det är också uppskattat att ca 2 ton av kvicksilver transporteras 

via Mackenziefloden.  

För att kartlägga flödet och ursprunget av kvicksilver används prover tagna i fält 2018 och allmänt 

tillgängliga data. Från det konstrueras en modell som kartlägger flödet och ursprung av partikulärt och 

kemiskt löst kol. Förekomsten av partikulärt och kemiskt löst kol är relaterat till förekomst av kvicksilver 

och är betydligt enklare att mäta.   

Tillsammans med data på flödeshastighet, tagna från existerande mätstationer, används 

provresultaten till att etablera en serie av punkter som kommer att representera de olika delarna av 

Mackenzieflodens dräneringsområde. På detta sätt kan de olika förgreningarna som mynnar ut i 

Mackenziefloden observeras var och en för sig, vilket gör det lättare att se vilka områden som tillför 

partikulärt och kemiskt löst kol och i vilka mängder.  

Det är föga förvånande att de stora floderna, så som Liardfloden och Peelfloden, är bland de största 

bidragarna av kol, både partikulärt och kemiskt löst. Nära Mackenzieflodens utlopp kan man se att 

mängden partikulärt kol i suspension avtar, i samband med att flödeshastigheten minskar och partiklar 

börjar att fällas ut då floden mynnar ut i deltat. 

Resultaten i den här studien visar en väldigt hög masstransport (i kg/km2/31d), gentemot tidigare 

observationer. Detta är dock orsakat av att fältproverna som använts här är tagna under en kort period 

väldigt nära vårfloden, vilket får de dagliga värdena att se väldigt stora ut. Dessa värden är dock bara 

aktuella en kortare tid och avtar resten av året.  

Denna modell utgör en potentiell bas för vidare studie av kol och kvicksilverförekomst i 

Mackenzieflodens avrinningsområde och eventuellt även för andra floder givet tillgängliga data. 

Nyckelord: kvicksilver, Hg, DOC, POC, Mackenziefloden 

Examensarbete E1 i geovetenskap, 1GV025, 30 hp 

Handledare: Christian Zdanowicz och Anne Sørensen  

Institutionen för geovetenskaper, Uppsala universitet, Villavägen 16, 752 36 Uppsala (www.geo.uu.se) 

ISSN 1650-6553, Examensarbete vid Institutionen för geovetenskaper, Nr 503, 2020 

Hela publikationen finns tillgänglig på www.diva-portal.org 

  

http://www.geo.uu.se/


 

 

 

Table of contents 
1  Introduction .................................................................................................................................... 1 

2  Thesis objectives ............................................................................................................................ 2 

3  Presentation of the study region ..................................................................................................... 3 

3.1  Hydrology ......................................................................................................................... 3 

3.2  Climate .............................................................................................................................. 3 

3.3  Physiography/geography ................................................................................................... 3 

3.4  Land cover ........................................................................................................................ 4 

4  Sources of riverine organic carbon in the MRB ............................................................................. 5 

5  Datasets and methods ..................................................................................................................... 6 

5.1  Datasets ............................................................................................................................. 6 

5.1.1  Field data collection ............................................................................................. 6 

5.1.2  Other supporting datasets .................................................................................. 10 

5.2  Model development ........................................................................................................ 11 

6  Results .......................................................................................................................................... 16 

7  Discussion .................................................................................................................................... 21 

7.1  Comparison between the model and observations .......................................................... 21 

7.2  Errors .............................................................................................................................. 25 

7.3  Data reliability ................................................................................................................ 27 

8  Conclusions and recommendations for future work ..................................................................... 29 

8.1  Conclusion ...................................................................................................................... 29 

8.2  Remarks and future recommendations ............................................................................ 29 

9  References .................................................................................................................................... 30 

Appendices ....................................................................................................................................... 33 

A1  Table ............................................................................................................................... 33 

A2  Hydrographs .................................................................................................................... 34 

A3  MATLAB Code .............................................................................................................. 42 

  

 

 

 

 





 

1 

 

1  Introduction 

Mercury (Hg) is a toxic heavy metal that can bioaccumulate in the liver, muscle and fatty tissue in 

animals, and therefore poses a risk to health of animals and the humans who consume them.  

In parts of the Arctic, worryingly high levels of Hg can be found in the marine biota, particularly large 

predator fish, mammals and terrestrial animals such as polar bears and birds that feed on the marine food 

web (Braune et al., 2015; Brown et al., 2018). This situation implies that part of the native Inuit 

population in the Arctic, who largely sustain themselves on a diet from the sea, are disproportionally 

exposed to high Hg intake, which might end up having dire negative consequences, for example on the 

neurological development of children (e.g. Donaldson et al., 2010).  

It is thought that a large portion of Hg is transported by rivers into the Arctic Ocean (Carie et al., 

2012). The most prominent of rivers draining into the Arctic Ocean are the Yukon River and the 

Mackenzie River in North America and Yenisey, Ob and Lena in Eurasia.  

The Mackenzie River drains a large section of northwestern Canada into the Beaufort Sea. About 

325 km3 of water annually flows into the Arctic Ocean, which is roughly 10 % of the freshwater annual 

contribution. It has been estimated that over 2 tons of Hg are transported to the Arctic Ocean by the 

Mackenzie River on an annual basis (Leitch et al., 2007). 
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2  Thesis objectives  

The objective of this thesis is to develop and test a simple river flow mixing model that can be used to 

estimate the relative contributions of different tributaries and their sub-basins to the flow rate (discharge) 

and water quality (i.e. specific water parameters) within the Mackenzie River Basin (MRB). The longer-

term goal is that the model, once developed, can be used to clarify the terrestrial sources of the Hg and 

other substances that enter streams of the MRB. In this thesis, the mixing model is tested for river 

discharge, Dissolved Organic Carbon (DOC), Particulate Organic Carbon (POC) and Total Organic 

Carbon (TOC) against observational data.  

The focus on Organic Carbon (OC) derives from observations, initially reported in the 1990s (e.g. 

Driscoll et al., 1995; Kolka et al., 1999) and again more recently in the last couple of years (Lavoie, 

Amyot and Lapierre, 2019), that Hg easily binds with organic compounds in streams. This leads to a 

close correlation between OC (particularly DOC) and Hg in the water of streams draining temperate and 

boreal forest catchments. Consequently, the concentrations of DOC and/or POC, which are easily and 

routinely measured or calculated, may be used as proxies to track Hg flow through northern river 

networks. This is especially relevant in the MRB which, because of its vast size, its >4,000 km of rivers, 

and very limited road infrastructure restricting access to many areas, makes sampling of Hg in streams 

and the transport of samples to laboratories very challenging. The typically low concentrations of Hg in 

the river water (in the low ng/L range) pose another difficulty, because these concentrations are below 

the detection-limit of the typical methods used in routine surveys of (e.g.) drinking water quality. 

In this thesis, the river mixing model will be used to estimate the contribution of DOC and POC from 

different parts of the MRB to the total outflow at the outlet of the Mackenzie River, near Inuvik on the 

Beaufort Sea coast. The yield of DOC and POC from various sub-catchments will also be quantified. 

  



 

3 

 

3  Presentation of the study region  

The MRB covers about 1.8 million km2 with water flowing as far as 4,241 km and discharging about 

325 km3 annually. Putting it to scale, 1.8 million km2 is about 20 % of Canada’s surface area. The area 

is inhabited by approximately 400,000 people (Morris and De Loë, 2016), out of which only about 10-

13 % reside in the lower basin, the part of the MRB which lies in the Northwest Territories. 

3.1  Hydrology 

The MRB can be divided into 6 major sub-basins: Athabasca River, Peace River, Great Slave Lake, 

Liard River, Great Bear Lake and Peel River (Figure 1). The MRB contains three major lakes: Great 

Bear Lake, Great Slave Lake and Lake Athabasca, as well as hundreds of smaller lakes.  

There are two major hydroelectric dams on the Peace River (the W.A.C. Bennet and Peace Canyon 

dams), and smaller dams on the Snare, Yellowknife and Taltson Rivers. A large portion of the MRB is 

hard to access and study for large portions of the year due to the limited road infrastructure and rigorous 

climate (winter road closures). 

3.2  Climate 

The MRB overlaps several different climate zones including Boreal, Taiga and Southern Arctic. The 

mean monthly temperature is 15 °C in summer and -25 °C in winter (Leitch et al., 2007). The annual 

mean precipitation for the MRB is 410 mm and the mean annual evapotranspiration is 237 mm (Woo 

and Thorne, 2003). About 75% of the MRB has either continuous or discontinuous permafrost.  

Over the years, the annual mean temperature has been rising as an effect of climate change (Leitch 

et al., 2007). In the time span between 1948 and 2016, the temperature has increased by as much as 2.4 

°C and is expected to continue increasing. The greatest contribution of this temperature change occurs 

in the winter months. The extremes of temperature are both getting warmer (Bush and Lemmen, 2019). 

The regional precipitation is expected to increase in northern Canada, and observations suggest a 

shift from snowy winters towards more rainy winters. It is also expected to see a decrease of snow and 

ice cover and a reduction in seasonal snow accumulation. By the end of the century as much as 75-95% 

of the glaciers might be gone (Bush and Lemmen, 2019).  

The increased temperature, along with the increased precipitation as rainfall, is expected to increase 

river flow in winter, but decrease it during summer due to increased evaporation. The spring peak flow 

is expected to come earlier, and the river flows are predicted to move from a snow melt-dominated flow 

to a more precipitation-dominated flow (Bush and Lemmen, 2019).  

3.3  Physiography/geography 

The MRB is situated on top of three major geological units: the North American Cordillera (ca 200 My 

old) in the western part, the Precambrian Canadian (ca 4-3 Gy old) shield in the eastern part, and between 
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these two is the Interior Platform, a geological formation from the Cambrian to the Cenozoic era (ca 540 

My to present era). The western edge of the MRB is the Rocky Mountains (The Canadian Encyclopedia, 

2020; Leitch et al., 2007). 

3.4  Land cover 

The basin has about 50% of its surface covered by coniferous and transitional forest, 30% is covered by 

miscellanies shrublands, 4% by tundra and the remainder is mostly bodies of water and wetlands 

(University of Saskatchewan, 2020). This is based on the CCRS-2 (Canada Center for Remote Sensing) 

classification. 

 
Figure 1. Maps of the MRB with sub-basins (left) and permafrost levels (right) (Maps from Mackenzie River 

Basin Board, 2019). 
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4  Sources of riverine organic carbon in the MRB 

About 50% of the global soil organic carbon are stored in the Arctic watersheds, a large portion of which 

is stored in the shallow continuous and discontinuous permafrost. The Arctic watersheds store a 

significant portion (up to 10% or 50 Pg C) of the world’s biomass in its vegetation (Kaiser et al., 2017). 

The Rocky Mountains to the west of the MRB contribute a large amount of water in fast flowing 

rivers, carrying high levels of particulates. One of these is the Liard River, which contribute 23.7% (ca 

76.95 km3) of water and about 50% of all sediment which is discharged at the Mackenzie River outlet 

(Carie et al., 2012; Leitch et al., 2007; Rood et al., 2016; Burn, Cunderlik and Pietroniro, 2004). The 

annual flux of DOC in the Liard River was approximately 0.36-0.60 Tg/yr in 2012, and seems to be 

increasing (Tank et al., 2016).  

To the east of the Mackenzie River channel, there are peatlands from which rivers drain into the 

Mackenzie River. These peatlands are to a large extent situated on top of at least partial permafrost. The 

permafrost contains large amounts of organic matter (Doxaran, Devred and Babin, 2015). 

DOC is primarily derived from plant material (Kaiser et al., 2017). Plants such as gymnosperms and 

angiosperms are thought to be sources of importance for Dissolved Organic Matter (DOM) in Arctic 

rivers during the spring freshet. Mosses and peat bogs are more important sources of DOM during late 

summer, fall and winter, suggesting deeper soil horizontal drainage (Kaiser et al., 2017). Thawing 

permafrost is a source of DOC, and with the rising of air temperature, the thawing is also increasing, 

releasing more and more DOC. From 1972 to 2012, there is thought to have been a 39% increase in 

DOC (Palmer, 2019). The Mackenzie River is estimated to transport 1.4 Tg of DOC to the Arctic Ocean 

every year (Amon et al., 2012).  

The estimated annual discharge from the MRB is slowly increasing. This observation corresponds to 

existing models, and the temperature is expected to carry on increasing for the next half-century 

(Doxaran, Devred and Babin, 2015; Leitch et al., 2007; Rood et al., 2016). The annual spring break-up 

is occurring earlier with a rate of about 3 days per decade (Leitch et al., 2007). The amount of suspended 

particulate matter and terrestrial substance reaching the ocean is also increasing (Doxaran, Devred and 

Babin, 2015). 
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5  Datasets and methods 

In the development of the river mixing model, several datasets were used. Included were data obtained 

during a field survey in the MRB summer 2018, and datasets of historical discharge and water quality 

measurements from Canadian governmental agencies. 

5.1  Datasets 

5.1.1  Field data collection 

The sampling of river water was done between June 8th and June 30th, 2018, at 19 locations within the 

MRB, between latitudes 59° 07’ and 68° 19’ N (Table 1, Figure 2). The locations were chosen so that 

they (1) include tributaries from most of the MRB sub-basins; (2) are situated close to hydrometric 

gauging stations with records exceeding 10 years; and (3) are accessible for sampling by road or boat 

without difficulty. The sampling had to be done after ice-break up and after the immediately following 

peak discharge had occurred (in order to avoid unsafe conditions while sampling and closed ferries), but 

before the end of the high discharge period. 

 In the investigated part of the MRB, ice break-up typically starts in April on the Peace River and 

continues northwards until end of May or early June in the Mackenzie River delta. Floating ice can 

remain on Great Slave Lake and Great Bear Lake as late as in July (Ménard et al., 2002; de Rham, 

Prowse and Bonsal, 2008; Muhammad et al., 2016). Therefore, the sampling was carried out south to 

north, with start south of Great Slave Lake in early June and ending in late June in the Mackenzie River 

delta region. 

Due to the transportation being by road over various areas with low population density, there were 

logistical constraints on the field sampling, mainly transport of samples. The water bottles, and the filters 

used whilst filling these (see below), where kept in insulated boxes with ice (cool, but not frozen) during 

delivery to laboratories. An attempt was made to utilize a DC-powered portable cooler, but it proved 

insufficient when air temperature rose towards 35°C in June.  

Constraints on time and logistics prevented sampling in cross-sections perpendicular to streamflow, 

as is common practice for suspended sediments. Instead, a single sample from each location was taken. 

Where possible, the sampling was performed in mid-channel from a boat. In these instances, engine was 

turned off and sampling was done from the prow while facing the current. Occasionally, the current was 

to strong or no boat was available, preventing mid-channel sampling. In these cases, water was instead 

collected at shallow depth a few meters from shore. At every sampling, near surface water temperature, 

pH, oxygen saturation, and turbidity were measured on site with a submersible probe (YSI Instruments, 

Yellow Springs, OH, USA). 

The water samples, including suspended particulates, were collected using a suspended sediment 

sampler model D95 or D81 developed by the U.S. Federal Interagency Sedimentation Project (Davis, 
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2005). The model used for each location was chosen according to conditions of the location. For mid-

channel sampling the D95 was primarily used (suspended from a cable), while the D81 (fixed on a rod) 

was mostly used for shallow settings. Both sampler models held a 1 L polytetrafluoroethylene (PTFE) 

bottle that was rinsed thoroughly with river water before sampling at each location. Water was collected 

at ~1 m interval starting a 1 m (depth allowing) and continuing to 5 m (in deep waters). The 1 L 

increment of water collected was put in an acid-cleaned, 14-L high-density polyethylene (HDPE) churn 

(Bel-Art Products, Wayne, NJ, USA), where it was mixed (a churn is a container capable of mixing 

content with a rod without opening the lid, see Figure 3 right). The amount of water that was collected 

was a minimum of 12 L, forming a composite sample representative of the whole cross-section. The 

sampling required two people: one handling the sampler and the other handling the PTFE bottle and the 

transferring of the collected water to the churn. The latter always had to wear disposable, powder free 

polyethylene or nitrile gloves. The churn was double-bagged in large polyethylene bags for 

transportation to and from sampling. 

The content of the churn was split into sub-samples upon returning to shore. Before and during the 

sub-sample division, the water in the churn was mixed regularly. There were eight sub-samples in total, 

with some being filtered and some not, that would be analyzed for different physical and chemical 

properties, see Figure 2 and Figure 3. The samples that where not filtered were transferred directly from 

the churn to certified clean polyethylene terephthalate (PET) bottles, to be analyzed for basic water 

properties, see below. Sub-samples for determination of DOC and TOC concentrations were collected 

in TraceClean 40 mL borosilicate vials with silicon-PTFE septa, following standard methods of the U.S. 

Environmental Protection Agency (EPA). The separation of DOC was later affected by filtration in the 

laboratory, see below. Duplicate sample vials were filled with water filtrated through 0.45 µm PES filter 

membranes, for comparison of different filtration methods effect on measurable DOC concentrations. 

Later on, this would prove to be negligible. 

Three field blanks with Milli-Q water where prepared, and two travel blanks (unopened bottles) were 

also tested. 

With the exception of the sub-samples analyzed in Yellowknife (see below), all sub-samples were 

shipped to University laboratories in Canada or Sweden, either by road or air (volume dependent), using 

commercial courier services.   
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Table 1. River sampling locations, where sampling details indicate which type of USGS sampler was used, and 

where the sample was collected in the river channel. 

Date 
Site code Location 

Coordinates 

Sampling details dd/mm/yyyy N W 

8/6/2018 NT18-6 Hay River 60° 38.650' 115° 59.216' D81, mid-channel 

10/6/2018 NT18-4A Slave River @ Fort Resolution 61° 19.470' 113° 37.057' D95, mid-channel 

11/6/2018 AB18-3 Slave River @ Fitzgerald 59° 50.554' 111° 34.949' D95, mid-channel 

12/6/2018 AB18-4 Peace River@ Peace Point 59° 07.387' 112° 27.110' D81, channel edge 

14/6/2018 NT18-1 Cameron River 62° 29.535' 113° 32.795' D81, mid-channel 

15/6/2018 NT18-2 Yellowknife River 62° 31.794' 114° 18.479' D95, mid-channel 

17/6/2018 NT18-3A Snare River @ Russell Lake 63° 02.882' 115° 49.774' D95, mid-channel 

17/6/2018 NT18-3B Marian River @ Marian Lake 63° 03.636' 116° 19.540' D95, mid-channel 

18/6/2018 NT18-7 Mackenzie River @ Deh Cho bridge 61° 16.095' 117° 31.547' D95, mid-channel 

20/6/2018 NT18-10 Mackenzie River @ Ndulee Ferry 62° 08.253' 122° 32.153' D81, ferry launch 

20/6/2018 NT18-11 Willowlake River 62° 42.629' 123° 05.029' D81, channel edge 

22/6/2018 NT18-12 South Nahanni River @ Liard River 61° 02.833' 123° 20.811' D95, mid-channel 

22/6/2018 NT18-13 Liard River @ Nahanni Butte 60° 58.564' 123° 17.146' D95, mid-channel 

23/6/2018 NT18-14 Trout River @ Sambaa Deh Rapids 61° 08.587' 119° 50.809' D81, near bank 

27/6/2018 NT18-15 Mackenzie River @ Inuvik 68° 19.479' 133° 40.811' D95, mid-channel 

29/6/2018 NT18-16A Arctic Red River @ Tsiigehtchic 67° 26.487' 133° 45.029' D95, mid-channel 

29/6/2018 NT18-16B Mackenzie River @ Tsiigehtchic 62° 27.350' 133° 43.510' D95, mid-channel 

30/6/2018 NT18-17A Mackenzie River @ Peel River 67° 41.466' 134° 29.807' D95, mid-channel 

30/6/2018 NT18-17B Peel River @ Fort McPherson 67° 18.806' 134° 51.884' D95, mid-channel 

 
Figure 2. Field protocol used for the preparation of water sub-samples. 
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The concentration of DOC and TOC in river water, that is used in this thesis, were determined 

independently by two laboratories, one in Yellowknife and one in Ottawa. In Yellowknife, DOC and 

TOC were measured as part of a set of basic water properties (including pH and conductance) at Taiga 

Environmental Laboratory, a facility operated by the Northwest Territories Government's Department 

of Environment and Natural Resources. The DOC and TOC concentrations were measured on a 

Shimatzu TOC/DOC analyzer, using standard protocols recommended by the U.S. Environmental 

Protection Agency (EPA) methods and under the Standard Methods for the Examination of Water and 

Wastewater (Eaton et al., 2005). 

The second set of DOC and TOC measurements was done at the Jan Veizer Stable Isotope Laboratory 

of the University of Ottawa, where the concentrations were measured on a OI Analytical model 1030 

wet TOC analyzer, as described in St-Jean (2003) and Zhou et al. (2015). 

 
Figure 3. Field sampling (left) and separation into different samples (right). 
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Figure 4. Locations of the field sampling sites in the MRB (red dots) and measuring stations (green). The red lines 

connect station with corresponding sampling site (Made with Natural Earth. Free vector and raster map data @ 

naturalearthdata.com). 

5.1.2  Other supporting datasets  

River discharge data for 2018, used in the construction and testing of the river mixing model, were 

obtained from the hydrometric service of Environment Canada (Government of Canada B, 2019). No 

uncertainty regarding the river discharge records were clearly discernable. Therefore, a more 

conservative estimate of 10% error on daily measurements were adopted (Hamilton and Moore, 2012). 

In addition, data on DOC and TOC concentrations in rivers which had not been sampled in 2018 

were obtained from two sources: The Northwest Territories Community-based Water Quality 

Monitoring Program (hereafter: GNWT) and Environment Canada (hereafter: EC). The data acquired 

by the GNWT is made publicly available through the Mackenzie Datastream online Portal (NWT-wide 

Community-based Water Quality Monitoring, Environment and Natural Resources, Government of the 

Northwest Territories, 2019), while the baseline water quality monitoring data acquired by EC was 

downloaded from the Government of Canada’s Open Data portal (Government of Canada B, 2019). 

  



 

11 

 

5.2  Model development  

The purpose of the model is to allow for estimations to be made, based on limited hydrographic and 

riverine water quality data of the relative contributions of different sub-basins and effluents to the total 

outflow (e.g. DOC) at the mouth of the Mackenzie River.  

The river mixing model was made for the computing platform MATLAB, with some preparatory 

work done in MS Excel. The development was done in three parts, the first part being concerning the 

flow of water.  

The model is composed of different nodes. Each node represents a point where measurements of 

discharge (Q) and/or water quality (DOC/TOC) were made on the Mackenzie River itself or some of its 

tributaries. The nodes were typically located at the junction of these tributaries with the Mackenzie 

River, or at the inlet or outlet of Great Slave Lake. Two values were associated with each node: the 

discharge at the node itself, and the amount of discharge that has been drained into the channel since 

prior nodes, i.e. the watershed contribution between two consecutive nodes. The former value is in most 

cases a measurement, whereas the latter is deduced from the former. (In a stream going from A to B to 

C, the difference between node A and node B is the contribution of node B). The model structure can 

be visualized in Figures 4, 5 and 6. 

The location of the model nodes is depicted in Figure 6 below. Here, the red stars represent nodes 

with available measurements of discharge and/or water quality, and the green circles represent the nodes 

where some data had to be estimated or derived indirectly, see description further below. 
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Figure 5. Flow structure of the model (credit: Anne Sørensen, Stockholm University). 
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Figure 6. Map of the MRB and its sub-basins, the hydrometric stations marked as red stars and location missing 

data marked as green circles. Base map taken from (Mackenzie River Basin Board, 2019). 

The discharge value used at the nodes is the average of daily mean values during the 31-day period 

around peak discharge 2018 (Government of Canada B, 2019).  

The discharge at each node is based on the formula  
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𝑀𝑜𝑑𝑒𝑙 𝐹𝑙𝑜𝑤 𝑣𝑎𝑙𝑢𝑒 =
(∑ 𝑄𝑖

𝑡𝐹𝑙𝑜𝑤𝑀𝑎𝑥+15
𝑖=𝑡𝐹𝑙𝑜𝑤𝑀𝑎𝑥−15

)

31
 (1) 

This is done to get a more average representation of the time around the peak discharge. 

The modeling was focused on the summer peak discharge period because of optimal data availability, 

and because this is the time when riverine OC and Hg output is the largest (Leitch et al., 2007). 

The timing of peak discharge differs between the nodes, spanning the period May (9/5) to mid-

August (12/8), caused by the difference in melting periods. The majority, however, has the maximum 

discharge around the beginning of June, see Appendix. 

In some instances, measurements of discharge were unavailable for 2018 (data not yet quality-

controlled) or entirely missing (no hydrometric station nearby). In these cases, the discharge of the 

missing station is merged with the discharge of the next downstream station (node 2 and node 3 => node 

3*). As the discharge from these two cannot be told apart, the discharge of the missing station is 

considered to be zero. This means that the watershed belonging to the station with the missing data is 

merged with the watershed of the next station downstream into one big watershed. This turns the missing 

node and the node after it into one node. This means that the discharge added to the stream, between the 

station preceding the station with missing data and the station following the one with missing data, is all 

attributed to the watershed situated between these two stations. In cases where the missing node is a 

starting node (no preceding node), it is merged with the following node to become one large watershed. 

The end node Mackenzie R. at Inuvik is positioned on one arm of the Mackenzie River delta (eastern 

channel), which causes the discharge measurements to underrepresent severely the actual total discharge 

in this part of the river system. To solve this, the Mackenzie R. at Inuvik node was assumed to have a 

discharge equal to the sum of the two preceding nodes upstream (Peel R. and Mackenzie R. before Peel 

R.) on the main stem of the Mackenzie River itself.  

In the second step of the mixing model development, the measured or calculated DOC and TOC 

concentrations in the water were introduced to the model for simulation of output. The presence of Great 

Slave Lake imposes limitations on the exercise. This is because a large fraction of the particulate matter 

(including POC) transported by rivers, such as the Slave River, that enters Great Slave Lake is likely to 

settle within the lake itself. Furthermore, autochthonous OC is produced within the lake itself and part 

of it is subsequently exported to the Mackenzie River. Owing to this complication, the integration of 

OC in the river mixing model was restricted, in this thesis, to the Mackenzie River proper, between the 

outlet of Great Slave Lake (near Fort Providence) and the delta (near Inuvik). 

For 2018, the DOC and TOC values that were used in the model were the ones obtained from samples 

collected in the field, except for the nodes located at the outlet of Great Bear River (discharge of Great 

Bear Lake) and at the junction of Hare Indian River with the Mackenzie River, for which values were 

obtained from the GNWT or EC datasets.  

At each model node, the DOC and TOC measurements (given in mg/L) were multiplied by the 

discharge (Q; in m3/s) established in the previous step, and divided by 1000 to obtain the mass flow rate 
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of DOC/TOC in river water, FDOC and FTOC in kg/s. This data is used to derive the contribution of 

DOC/TOC for each node. It is done by calculating the difference between what comes into the node 

(sum of FDOC and FTOC from preceding nodes upstream), and what goes out of the node (FDOC and FTOC 

calculated at the node) for each node in question. If the node is a starting node, then its upstream 

watershed is considered the source for all FDOC and FTOC at the node. This is a reasonable assumption 

for all the starting nodes, as they are the outer most point of measure in the system. 

The third part is to look at POC concentration in the water. The concentration of POC was inferred 

from those of TOC and DOC, following:  

𝑇𝑂𝐶 − 𝐷𝑂𝐶 = 𝑃𝑂𝐶  (2) 

When looking at POC measurements (close to the same time of year) that are available for a node, the 

difference between the derived values obtained from equation (2) above and the measurement is small, 

the derived values giving the POC concentration as smaller than it is by measurement. Also, the derived 

values are less precise (fewer decimals).   

The model’s discharge contribution for each node was adjusted, and calibrated, manually rather than 

automatically, in order to remove logical inconsistencies with regards to mass balance. This was done 

because at the time of adjusting the nature of errors, specifically how they would differ at different years, 

was unknown. 

The model was used to estimate the mixing of DOC and POC sources for summer 2018 as an initial 

test of its performance.  
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6  Results 

The modeled apportionment of the total MRB outflow from different sub-basin (tributaries), for the 

summer 2018, is presented in Figure 7-10. Large rivers, such as Liard River and Peace River, stand out. 

The Mackenzie River at Tsiigehtchic node, which is in the Mackenzie River main channel, is a long 

stretch of river with several tributaries which have not been listed due to missing data for these. Also, 

the Slave River and the Peel River are noticeable. 

The water discharge is mostly based on hydrographic data, but values for some nodes had to be 

corrected. The correction was implemented in case a node’s water discharge was deemed illogical, e.g. 

smaller than the sum of its tributaries, or when insufficient data was available. This correction was aimed 

towards preserving mass balance in the first place. 

The origin of water is presented proportionally in Figure 7. Note that some nodes, such as Mackenzie 

R. at Ndulee Ferry, Mackenzie R. before Peel R. and Mackenzie R. at Inuvik, are not included, as these 

are in the model made to have no watershed contribution. This is due to the nodes Mackenzie R. before 

Peel R. and Mackenzie R. at Inuvik being derived values, and thus cannot have a contribution calculated. 

Node Mackenzie R. at Ndulee Ferry has the issue that in the model, its discharge is smaller than sum of 

all contributories, which is not physically possible. It is therefore more correct to have a 0 contribution 

of discharge, which corresponds to it being the sum of its parts, for the node Mackenzie R. at Ndulee 

Ferry. 
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Figure 7. Contribution of discharge from tributary nodes at the outlet of the Mackenzie River, according to the 

model for the 31-day average around the peak flow for each river individually during summer 2018. 
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The contribution of DOC from each watershed according to the model is shown in Figure 8 and Table 

2.  

 
Figure 8. Contribution of DOC from nodes to the total at the outlet of the Mackenzie River, according to the model 

for the 31-day average around the peak flow for each river individually during summer 2018. 

In Figure 8, two nodes are not included. These are node S. Nahanni R, and Mackenzie R. at Ndulee 

Ferry. For the former, there is no water discharge data for 2018, thus it is excluded as it is regarded as 

zero. Node Mackenzie R. at Ndulee Ferry has a negative number of -1792.2 g/s and is thus not displayed. 

The negative number would suggest that DOC is removed, which is questionable as there is no good 

explanation for this. This is regarded as an error.  
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The contribution of TOC from each watershed in the model is shown in Figure 9 and Table 2.  

 
Figure 9. Contribution of TOC from nodes to the total at the outlet of the Mackenzie River, according to the model 

for the 31-day average around the peak flow for each river individually during summer 2018. 

Figure 9 does not include node Mackenzie R. at Ndulee Ferry and S. Nahanni River. The former due 

to being negative. Mackenzie R. at Ndulee Ferry has a value of -1168.3 g/s of TOC. This is suspected 

to be an error again. The S. Nahanni River is excluded due to missing discharge data. The hydrometric 

station was decommissioned in 1995, with the nearest data being 23 years out of date, and thus the 

reluctance to include it. Note that the Mackenzie R. before Peel R. node (with 0 %) is not actually 0 %, 

it is just comparably much smaller and is rounded to zero. 
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Figure 10 and Table 2 show the contribution of POC from each watershed in the model. A “negative 

contribution” of POC in Figure 10 at any given node implies that there is a sink for POC between the 

given node and the preceding node upstream on the main Mackenzie River channel. 

 

 

Figure 10. Each nodes contribution in mass flow of POC according to the model. 

Table 2. Node contribution of OC that is derived in the model, given as Gg per 31 days. 

 DOC Gg/31d TOC Gg/31d POC Gg/31d 

Great Slave Lake 123.49 127.29 3.80 

Trout R. 4.55 4.80 0.25 

Liard R. 86.85 84.87 -1.97 

S. Nahanni R. 0.00 0.00 0.00 

Mackenzie R. at Ndulee Ferry -4.80 -3.13 1.67 

Willowlake R. 15.49 15.68 0.20 

Mackenzie R. at Tsiigehtchic 22.92 40.23 17.30 

Great Bear Lake 5.08 5.24 0.16 

Hare Indian R. 5.34 5.51 0.17 

Arctic Red R. 5.92 6.35 0.43 

Mackenzie R. before Peel R. 12.09 1.15 -10.93 

Peel R. 42.55 72.84 30.29 

Mackenzie R. at Inuvik 37.33 2.22 -35.11 
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7  Discussion 

7.1  Comparison between the model and observations 

Comparing the average discharge around peak flow of three major rivers within the MRB with the mean 

annual discharge according to Woo and Thorn (2003), see Table 3 below, it is shown that a general 

agreement exists. The deviation displayed is well within 1 standard deviation of the mean according to 

Woo and Thorn (2003). This would suggest that the method of taking the average of daily mean value 

during the 31-day period around peak discharge gives a good estimation of annual discharge. The points 

of comparison are situated at the beginning, the middle and close to the end of the flow model. 

Table 3. Comparison of average 31-day discharge at peak flow used in this thesis with the annual mean discharge 

according to Woo and Thorn (2003). 

Name  Woo m3/s Model m3/s Difference m3/s Difference % 

Liard R. at mouth 7700 7369 -330.7 -4.5 

Peace R. Peace Point 3516 3987 470.8 11.8 
Mackenzie R. at Arctic Red R. 
(at Tsiigehtchic)  

20160 20139 -21.3 -0.1 

 

The comparison of contributed discharge can be seen as done alongside with the measured discharge, 

as it is derived from the discharge differences between consecutive nodes. The difference is close to the 

error approximation we established for the discharge data, 10 %, and can therefore be considered 

acceptable (Hamilton and Moore, 2012).  

In order to further evaluate the model, an average value for the transport of OC was established, 

using river discharge data from EC (Government of Canada B, 2019) and water quality data (DOC and 

TOC) from EC (Government of Canada B, 2019). The discharge data from EC was used to construct 

the monthly average for June for the period 2007-2017, for the tributaries Peel River, Liard River and 

Great Bear Lake. Using the water quality data sets with the date closest to June, the DOC and POC 

values were combined with corresponding year to create a 10-year set of OC transport around peak 

discharge, see Table 4.  
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Table 4. Estimated transport of DOC, POC and TOC in g/s during June 2007-2017, compared with the values in 

the model. (POC values from the field measurements are inferred, and TOC values from EC are also inferred, see 

Formula 2). 

Peel R. Mean Median Min Max Model 

DOC g/s 7937 7435 2860 14090 15890 

POC g/s 6733 6766 1329 10616 11310 

TOC g/s 14670 14076 5113 23982 27200 

      

Liard R.      

DOC g/s 62664 49491 16172 178338 32430 

POC g/s 61142 37024 13354 273511 -740 

TOC g/s 123805 78718 29526 408506 31690 

      

Great Bear Lake      

DOC g/s 1560 1453 1005 3532 1900 

POC g/s 120 107 81 224 60 

TOC g/s 1680 1545 1127 3683 27200 
 

As can be seen in Table 4, there is a quite significant difference between the values for OC transport in 

the model and what was estimated from EC data. This can be somewhat explained when examining the 

OC data from the field measurements and these data from Environment Canada, see Table 5, where in 

some cases large differences are present. One explanation for this may be that not all peak flows coincide 

with June or the same time every year. Furthermore, not all OC concentrations measurements used in 

the comparison were performed in June, but rather the closest to June that was available. The summer 

values for POC from the Liard River are very low in the field measurement. The value is estimated to 

have been approximately 7.2 mg/l in June 2011 (Hilton et al., 2015). 

Table 5. Comparison between field measurements 2018 and the average values from Environment Canada, June 

2007-2017, for DOC, POC and TOC concentrations.  

Peel R. DOC mg/l POC mg/l TOC mg/l 

Field measurement 5.9 4.2 10.1 

Environment Canada 5.5 4.6 10.1 

    

Liard R. DOC mg/l POC mg/l TOC mg/l 

Field measurement 4.4 -0.1 4.3 

Environment Canada 7.8 7.0 14.8 

    

Great Bear Lake DOC mg/l POC mg/l TOC mg/l 

Field measurement 3.2 0.1 3.3 

Environment Canada 2.5 0.2 2.7 
 

In order to evaluate the relative contribution of each catchment to OC transport, independent of the 

catchment area size, the DOC, TOC and POC values for each node were normalized for the respective 

catchment area ((kg/km2)/31d). The catchment area, however, corresponds to either the field sampling 

site, or the hydrological measuring station. These do not always coincide and can be considerably distant 
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from each other. The catchment area for the hydrological station was obtained from EC (Government 

of Canada B, 2019), and the catchment areas for the field sampling sites were calculated from Canadian 

Digital Elevation Model CDEM (Government of Canada A, 2020). The difference between the two is 

for the most part within ±10% of the area. The notable exception to this is the Slave River at Fitzgerald 

node, where the difference between the two variants is almost two orders of magnitude. This is probably 

an error in the calculations from the CDEM (due to resolution used), as the preceding node is Peace 

River and it should not include the Athabasca sub-basin. It should therefore be much smaller than the 

catchment area at Slave River at Fitzgerald node. These nodes are located in the upper MRB (before 

Great Slave Lake) and are thus not used for the DOC/POC portion. They are only mentioned here in 

order to denote that the two versions do have disagreements, even if it is not in the relevant part.  

The resulting calculated yields are presented in Table 6 and 7. For comparison, Table 8 shows the DOC 

yields from large Arctic rivers (Holmes et al., 2011). 

Table 6. Yield of OC per km2, calculated using the catchment area for the hydrometric station. 

Node DOC (kg/km2)/31d TOC (kg/km2)/31d POC (kg/km2)/31d 

Willowlake R. 766.63 776.33 9.70 

Liard R. 315.81 308.63 -7.18 

Trout R. 490.37 517.83 27.46 

Arctic Red R. 314.69 337.72 23.03 

Mackenzie R. at Tsiigehtchic 115.83 203.26 87.43 

Peel R. 602.69 1031.72 429.03 

Great Bear Lake 34.79 35.87 1.09 

Hare Indian R. 335.74 346.23 10.49 

Great Slave Lake 397.07 409.29 12.22 

Mackenzie R. before Peel R. N/A N/A N/A 
 

Table 7. Yield of OC per km2, calculated using the catchment area for the field sampling locations. 

Node DOC (kg/km2)/31d TOC (kg/km2)/31d POC (kg/km2)/31d 

Willowlake R. 771.23 780.99 9.76 

Liard R. 394.43 385.46 -8.96 

Trout R. 495.72 523.48 27.76 

Arctic Red R. 274.17 294.23 20.06 

Mackenzie R. at Tsiigehtchic 129.50 227.25 97.75 

Peel R. 596.11 1020.46 424.35 

Great Bear Lake 34.79 35.87 1.09 

Hare Indian R. 335.74 346.23 10.49 

Great Slave Lake 152.15 156.83 4.68 

Mackenzie R. before Peel R. 136.52 13.04 -123.48 
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Table 8. Yields of DOC (kg/km2/measuring period) for large Arctic rivers 1999-2008 (Holmes et al., 2011). 

1999-2008 Ob Yenisey Lena Yukon Mackenzie 

May-June 447 1218 1162 943 293 

July-October 726 493 967 612 363 

Annually 1378 1935 2338 1773 820 
 

The apparent difference in yield between the data in Table 8 and Table 6-7 can be explained by the 

seasonal variation of the yield. Table 9 shows the DOC flux for the Mackenzie River on a daily and 

annual basis (Holmes et al., 2011). The series that cover the spring flood (May-June) are the largest out 

of the 1999-2008 series. The flux used in the model is timewise more narrowly situated around the 

spring flood and can thus be expected to give a higher value, but a less accurate depiction of the yearly 

averages.  

Table 9. Daily and annual flux of DOC 1999-2008 (Holmes et al., 2011) and from the model (field sampling). 

Mackenzie River DOC  Gg/d Gg/y Days Reference  

Modeled period 11.5 4200.9 31 This study  

May-June 8.1 2949.9 61 Holmes et al., 2011 

July-October 5.0 1825 122 Holmes et al., 2011 

Annually 3.8 1377 365 Holmes et al., 2011 

 

Table 6 and 7 show that the highest contributors per km2 of DOC in the MRB are Willowlake River, 

Peel River, and Trout River, in descending order. The highest contributor per km2 of POC is Peel River 

by an order of magnitude, followed by Mackenzie R. at Tsiigehtchic. The catchment areas for these are 

as follows: Peel River ca 70600 km2, Willowlake River ca 20200 km2 and Trout River ca 9270 km2. 

There is a clear correlation between the type of biome, soil cover and climate of a drainage basin and 

the DOC yield it produces. For example, peatlands are strongly related to higher yields and taiga to 

lower yields (Lee et al., 2019).  

Looking closer at the MRB tributary-catchments with the highest yields, Willowlake River drains an 

area northwest of Great Slave Lake, north of the Mackenzie River, in the Interior Platform. This region 

is entirely situated on top of discontinuous permafrost and bordering on sporadic discontinuous 

permafrost. The land is set on the border between boreal and taiga and is almost fully covered by 

peatlands (Mackenzie River Basin Board, 2019; Brown et al., 2012; Xu et al., 2018).  

The Trout River drains an area west of Great Slave Lake and south of the Mackenzie River. This 

area is situated on top of sporadic discontinuous permafrost. The land is considered boreal and is almost 

fully covered by peatlands (Mackenzie River Basin Board, 2019; Brown et al., 2012; Xu et al., 2018).  

Both the Willowlake River and Trout River could reasonably be expected to produce relatively large 

amounts of DOC, as they drain the peatlands of the Interior Platform. Also, the Hare Indian River drains 

peatlands and it has a relatively high DOC yield. The node Mackenzie R. at Tsiigehtchic drains a large 

area of peatlands as well, yet it has a relatively low yield. This might be because it also drains large 

areas of the Rocky Mountains (Cordillera) with a lower number of peatlands, leading to a lower yield. 



 

25 

 

The Peel River drains an area in the north westernmost region of the MRB. This area is entirely 

situated on continuous permafrost (Brown et al., 2012). The Peel River sub-catchment is a mix of taiga 

and non-forested areas, the latter in the mountains (Mackenzie River Basin Board, 2019). The lower 

Peel River drains an area of peatland, approximately 20% of the catchment, before entering the delta. 

This region’s permafrost is thawing and might thereby be releasing old OC as well (Tank et al., 2016; 

Xu et al., 2018). 

When looking at POC, the Peel River is known to be passing through carbonaceous rock containing 

coal and shale, which might contribute to the high POC values measured. There is a coal deposit near 

Tullita, which is next to the Mackenzie River upstream of Tsiigehtchic (Carie et al., 2012). This might 

potentially contribute to the POC values being high there as well. Also, this region drains large portions 

of the Rocky Mountains. The Mackenzie R. before Peel station is situated in the early parts of the delta 

where water velocity is expected to start slowing down and larger particles start to settle.  

In general, the yields of the watersheds for the nodes make sense, based on the knowledge of the 

region. The yield of the MRB as a whole, as claimed by the model, is reasonable when compared with 

other large Arctic rivers, when the notable difference is considered to be a result of difference in 

sampling period. 

7.2  Errors 

When looking at the results, there are some errors that are noted. The error, wherein nodes have a smaller 

outflow (value at the node) than total inflow (sum of tributaries’ nodes values), is likely due to the 

estimation method for mean max discharge that is used. By averaging the ± 15 days around the max 

flow, the method is vulnerable to differences in peak rise time; that is to say, the time it takes for peak 

flow to be reached from base flow. The steeper the angle, the more likely the time span will include 

baseflow values, which will significantly decrease the mean flow, when compared to a slow, but steady, 

rise from base flow to peak flow, which will have a much higher average value due to having more high 

flow points within the time span. For example, compare Mackenzie R. at Inuvik (east channel) with 

Slave River at Fitzgerald (Figure 11 and 12, respectively). 
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Figure 11. Hydrograph for station 10LC002, Mackenzie River at Inuvik (east channel). Used for comparison to 

the measuring point of NT18-15. Discharge vs time (day-of-the-year). Date from 1972-2016, Y-axis shows 

discharge in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 

day of the year) for the whole period. Data from EC (Government of Canada B, 2019). 

 
Figure 12. Hydrograph for station 07NB001, Slave River at Fitzgerald. Used for comparison to the measuring 

point of AB18-3. Discharge vs time (day-of-the-year). Date from 1921-2016, Y-axis shows discharge in units of 

m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the year) for the 

whole period. Data from EC (Government of Canada B, 2019). 

For Mackenzie R. at Inuvik, a source of error is the multiple parallel channels of the Mackenzie River 

delta. The measuring station is situated in only one of these, thus giving a much lower than total 

discharge for the Mackenzie River at this point.  

In Figure 8, two nodes are not included. These are the nodes S. Nahanni R. and Mackenzie R. at 

Ndulee Ferry. For the former, there is no water discharge data for 2018, thus it is excluded as it is 

regarded to be zero. Node Mackenzie R. at Ndulee Ferry has a negative number of -1792.2 g/s and 

therefore is not displayed. The negative number would suggest that DOC is removed, which is 

questionable as there is no good explanation for this. This is regarded as an error. 
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Figure 9 does not include node Mackenzie R. at Ndulee Ferry and S. Nahanni River. The former due 

to discharge being negative. Mackenzie R. at Ndulee Ferry has a value of -1168.3 g/s of TOC. This is 

suspected to be an error again. Note that this is the third time Mackenzie R. at Ndulee Ferry has given 

strange results. There is a suspicion that something is wrong with the water discharge data at this node. 

This is possibly related to the time difference between peak discharge occurrences, or in the shape of 

the peak curve. The S. Nahanni R. is excluded due to missing discharge data. The hydrometric station 

was decommissioned in 1995, with the nearest data being 23 years out of date, and thus the reluctance 

to include it.    

Comparing the results from DOC and TOC values found at each node, we see that these are quite 

similar, with most of the difference being in the Peel R. and Mackenzie R. at Inuvik. Note that nodes 

which have zero input are not included here. These are S. Nahanni R. and Mackenzie R. at Ndulee Ferry. 

In the case of the former it is because of lacking discharge data, and for the latter it is because, according 

to the flow model, it has zero inflow. 

It is noteworthy that there is an increase in DOC in the Mackenzie R. at Inuvik node, not caused by 

included tributaries. It is likely that the increase in DOC in the delta represents input from wetlands in 

the delta, input that has not been represented in the model. 

Looking at Figure 10, the large increase in POC occurs at the nodes Peel R. and Mackenzie R. at 

Tsiigetchic. As previously mentioned, this is thought to be related to the local geology which contains 

coal deposits. The Mackenzie R. at Tsiigetchic node drains a large area including Great Bear Lake R. 

and Hare Indian River. It also drains other bodies of water, from the east of the Mackenzie River as well 

as the Rocky Mountains in the west. Some creeks in the Rocky Mountains show high POC concentration 

(GNWT), whereas the ones in the east typically do not. This would suggest that the POC seen at 

Mackenzie R. at Tsiigetchic may originate from the western mountains. 

The POC decreases in the delta region near the outlet of the Mackenzie River. This might be an error, 

but it is more likely that a decrease in velocity of the water entering the delta releases suspended particles 

including POC.  

It should be noted that all measurements used in the study focus on a portion of the spring flood 

period of early May to late June, and that it is possible that the measured and modelled data is only a 

good representation of a portion of the spring flood in the MRB. Also, the fact, that the different 

catchments in the model do not coincide perfectly with each other and the timing of the field 

measurements, might decrease the accuracy of the model’s depiction. Concentrations of 

DOC/TOC/POC might fluctuate rapidly due to local discharge, whereas the model uses an average for 

the time around peak discharge, creating a disparity between the model and reality. 

7.3  Data reliability 

The data for DOC and TOC that were used in the model have a clear margin of error, as there are cases 

where DOC > TOC. These were the field measurements. As the sampling procedure of these is known 
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to the author, the likelihood of errors originating from the sampling is small, however, it is not 

impossible. Also, it is possible that some errors in the deriving of POC data are due to low precision in 

the measurement data, as both TOC and DOC concentrations are in general about 1 magnitude larger 

that POC concentration.  

The data for DOC and TOC from GNWT, as stated above, seem to have reoccurring cases of DOC 

> TOC. The frequency of these occurrences raises the question whether there might be a low precision 

of the analysis, a difference in the procedure of measuring, or a difference in the definition of DOC and 

TOC.  

The reoccurring discrepancies raise the question whether comparisons done (using the data) are 

reliable. It might be more reliable on a less high precision comparison, e.g. within the same order of 

magnitude, or as a rough comparison. 
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8  Conclusions and recommendations for future work 

8.1  Conclusion 

The study suggests that the model performs adequately, as it can estimate the amount of water discharge 

and DOC (and TOC) load that each node contributes to the Mackenzie River. The comparison between 

the model and observed flux, see Table 9, helps to describe the difference between the observed and the 

modeled yield, Table 8. The difference in sampling time around the peak flow distorts the value given 

by the model. But when this is accounted for, the values given by the model come close to those 

measured (Holmes et al., 2011). This indicates that the model is at least accurate to the point of being 

reasonable, if not to the point of fine detail. The accuracy is likely to improve given more input data. 

This given, it should be useful for the study of Hg origin and transport in the Mackenzie River. 

8.2  Remarks and future recommendations 

Due to time constraints, the modelling did not progress as far as it was intended at the outset. It was 

originally planned that properties such as the age of DOC and POC would have been used to reinforce 

and or validate the model’s claim of origin. The age would have helped to determine the nature of the 

source, e.g. whether it was from thawing permafrost, local primary production, or withering of 

carbonaceous rock. This would have been an important addition, were the model to be used to determine 

its usefulness for tracing of Hg. This is because not all DOC and POC sources are equally likely to carry 

Hg.  

The model is built around the year 2018, but it has the potential to be configured to run any given 

year or a sequence of years. This would require an automation of error correction, which currently has 

been done manually.   

The model is currently configured to find the annual max discharge for any given stream and create 

an average of the nearby days. However, this could be configured to run on any given day or data 

property (e.g. max discharge), provided there is data available.  

If Hg data is available for the nodes, then the model could be tested to see whether it can be utilized 

as a predictor or proxy for Hg to some degree.  
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Appendices 

A1  Table 

Additional table not included in the thesis, regarding water quality measurements. 

Table A1. Field measurements for DOC/TOC concentration 2018, and GNWT (NWT-wide Community-based 

Water Quality Monitoring, Environment and Natural Resources, Government of the Northwest Territories, 2019). 

Node name DOC mg/l Model TOC mg/l Model 

Great Slave Lake 6.5 6.7 

Trout R. 12.5 13.2 

Liard R. 4.4 4.3 

S. Nahanni R. 1.3 1.5 

Mackenzie at Ndulee Ferry 5.6 5.7 

Willowlake R. 15.8 16 

Mackenzie R. at Tsiigehtchic 4.8 5.2 

Great Bear Lake* 3.2 3.3 

Hare Indian R.* 3.2 3.3 

Arctic Red R. 4.1 4.4 

Mackenzie R. before Peel R. 5 5.2 

Peel R. 5.9 10.1 

Mackenzie R. at Inuvik 5.7 5.8 

 

(The measurements in Table A1 marked with * are not measurements carried out within the project in 

2018. These were taken from NWT-wide Community-based Monitoring Program.) 
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A2  Hydrographs 

Additional river hydrographs from the MRB stations used in the thesis. Stating which hydrological 

station and node in the model they represent (see Figure 5). 

 
Figure A1. Hydrograph for station 07KC001, Peace River at Peace Point. Used for comparison to the measuring 

point of AB18-4. Discharge vs time (day-of-the-year). Date from 1959-2016, Y-axis shows discharge in units of 

m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the year) for the 

whole period. Data from EC (Government of Canada B, 2019).  

 
Figure A2. Hydrograph for station 07SB010, Cameron River below Reid Lake. Used for comparison to the 

measuring point of NT18-1. Discharge vs time (day-of-the-year). Date from 1975-2016, Y-axis shows discharge 

in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the 

year) for the whole period. Data from EC (Government of Canada B, 2019).  
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Figure A3. Hydrograph for station 10GB006, Willowlake River above Metahdali Creek. Used for comparison to 

the measuring point of NT18-11. Discharge vs time (day-of-the-year). Date from 1975-2016, Y-axis shows 

discharge in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 

day of the year) for the whole period. Data from EC (Government of Canada B, 2019).  

 
Figure A4. Hydrograph for station 10ED002, Liard River near the mouth. Used for comparison to the measuring 

point of NT18-13. Discharge vs time (day-of-the-year). Date from 1972-2016, Y-axis shows discharge in units of 

m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the year) for the 

whole period. Data from EC (Government of Canada B, 2019).  
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Figure A5. Hydrograph for station 10FA002, Trout River at highway no.1. Used for comparison to the measuring 

point of NT18-14. Discharge vs time (day-of-the-year). Date from 1969-2016, Y-axis shows discharge in units of 

m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the year) for the 

whole period. Data from EC (Government of Canada B, 2019). 

 
Figure A6. Hydrograph for station 10LA002, Arctic Red River near the mouth. Used for comparison to the 

measuring point of NT18-16A. Discharge vs time (day-of-the-year). Date from 1968-2016, Y-axis shows 

discharge in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 

day of the year) for the whole period. Data from EC (Government of Canada B, 2019). 
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Figure A7. Hydrograph for station 10LC014, Mackenzie River at Arctic Red River. Used for comparison to the 

measuring point of NT18-16B. Discharge vs time (day-of-the-year). Date from 1972-2016, Y-axis shows discharge 

in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the 

year) for the whole period. Data from EC (Government of Canada B, 2019). 

 
Figure A8. Hydrograph for station 10MC002, Peel River above Fort McPherson. Used for comparison to the 

measuring point of NT18-17B. Discharge vs time (day-of-the-year). Date from 1969-2016, Y-axis shows discharge 

in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the 

year) for the whole period. Data from EC (Government of Canada B, 2019).   
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Figure A9. Hydrograph for station 07SB003, Yellowknife River at inlet to Prosperous Lake. Used for comparison 

to the measuring point of NT18-2. Discharge vs time (day-of-the-year). Date from 1939-2016, Y-axis shows 

discharge in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 

day of the year) for the whole period. Data from EC (Government of Canada B, 2019).   

 
Figure A10. Hydrograph for station 07OB001, Hay River near the outlet to the Mackenzie River. Used for 

comparison to the measuring point of NT18-6. Discharge vs time (day-of-the-year). Date from 1963-2016, Y-axis 

shows discharge in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 

153 day of the year) for the whole period. Data from EC (Government of Canada B, 2019).   
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Figure A11. Hydrograph for station 10GC001, Mackenzie River at Fort Simpson. Used for comparison to the 

measuring point of NT18-10. Discharge vs time (day-of-the-year). Date from 1938-2016, Y-axis shows discharge 

in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the 

year) for the whole period. Data from EC (Government of Canada B, 2019).   

 
Figure A12. Hydrograph for station 10JC003, Great Bear River at outlet of Great Bear Lake. Discharge vs time 

(day-of-the-year). Date from 1961-2017, Y-axis shows discharge in units of m3/s. Displaying day-of-the-year 

mean, median, max and min discharge (1-june is the 153 day of the year) for the whole period. Data from EC 

(Government of Canada B, 2019).   
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Figure A13. Hydrograph for station 10LD004, Hare Indian River near Fort Good Hope. Discharge vs time (day-

of-the-year). Date from 2009-2017, Y-axis shows discharge in units of m3/s. Displaying day-of-the-year mean, 

median, max and min discharge (1-june is the 153 day of the year) for the whole period. Data from EC 

(Government of Canada B, 2019).   

 
Figure 24. Hydrograph for station 10FB001, Mackenzie River near Fort Providence. Used for comparison to the 

measuring point of NT18-7. Discharge vs time (day-of-the-year). Date from 1958-1997, Y-axis shows discharge 

in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 day of the 

year) for the whole period. Data from EC (Government of Canada B, 2019).   
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Figure A15. Hydrograph for station 10EC001, South Nahanni River above Clausen Creek. Used for comparison 

to the measuring point of NT18-12. Discharge vs time (day-of-the-year). Date from 1969-1995, Y-axis shows 

discharge in units of m3/s. Displaying day-of-the-year mean, median, max and min discharge (1-june is the 153 

day of the year) for the whole period. Data from EC (Government of Canada B, 2019).   

  



 

42 

 

A3  MATLAB Code 

Main computer code from the model made in the thesis. 

 
clear  
clc 
 
% Extracts data and sort them in arrays according to property Max, Min or Mean Flow 
rate 
run('Process_Data.mlx'); 
 
% Data sequence 
% 1 'Slave River at Fort Fitzgerald',* 
% 2 'Peace River at Peace Point'* 
% 3 'Cameron River'* 
% 4 'Yellowknife River'* 
% 5 'Snare River @ mouth (Russell Lake)' 
% 6 'Marian River @ mouth (Marian Lake)' 
% 7 'Slave River near mouth (Fort Resolution)' 
% 8 'Hay River near mouth' 
% 9 'Mackenzie River near Fort Providence' 
% 10 'Mackenzie River @ Ndulee Ferry (Fort Simpson)' 
% 11 'Willowlake River @ mouth (junction with Mackenzie)' 
% 12 'South Nahanni River @ mouth (junction with Liard)' 
% 13 'Liard River at mouth (junction with Mackenzie)' 
% 14 'Trout River @ mouth (junction with Mackenzie)' 
% 15 'Mackenzie River at Inuvik' 
% 16 'Arctic Red River @ mouth (junction with Mackenzie)' 
% 17 'Mackenzie River @ junction with Arctic Red River' 
% 18 'Mackenzie River @ junction with Peel' 
% 19 'Peel River @ Fort McPherson' 
% 20 10JC003 "Great bear Lake" 
% 21 10LD004 "Hare Indian River" 
% Calculate the mean flow for 30 days around annual max flow = Flow01  
% MeanF = Array of Mean flow rate  
% MaxF = Array of Max flow rate  
MeanF(21,:)=MaxF(21,:); % assuming that max is min for Hare Indian River 
InputF = MeanF; % Can be replaced with other  
FlowO1 = []; 
A1 = []; 
A2 = []; 
for i=1:length(InputF(:,1)) 
    if InputF(i,1)==0  
    i=i+1; 
    end 
    if InputF(i,1)==0 
    i=i+1; 
    end 
     A1 = InputF(i,:); 
     [M,I] = max(A1); 
     IList(i,:) = I; 
     Mlist(i,:) = M; 
     I1=I-15; 
     I2=I+15; 
     for j=I1:I2 
         A2=[A2 InputF(i,j)]; 
     end 
     FlowO1(i,:) = mean(A2); 
     A2=[]; 
end 
clear i I I1 I2 j A1 A2 M 
% Calculate flow added at node watershed  
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FlowW1 = []; 
FlowW1(2,:)= FlowO1(2,:); 
FlowW1(1,:)= FlowO1(1,:)-FlowO1(2,:); 
FlowW1(3,:)= FlowO1(3,:); 
FlowW1(4,:)= FlowO1(4,:)-FlowO1(3,:); 
FlowW1(6,:)= FlowO1(6,:); % missing data 
FlowW1(5,:)= FlowO1(5,:)-FlowO1(6,:); 
FlowW1(7,:)= FlowO1(7,:); % missing data 
FlowW1(8,:)= FlowO1(8,:); 
FlowW1(9,:)= FlowO1(9,:)- FlowO1(8,:)-FlowO1(1,:)-FlowO1(4,:); 
FlowW1(12,:)= FlowO1(12,:); % missing data 
FlowW1(13,:)= FlowO1(13,:)-FlowO1(12,:); 
FlowW1(14,:)= FlowO1(14,:); 
FlowW1(10,:)= FlowO1(10,:)- FlowO1(12,:)- FlowO1(13,:)- FlowO1(14,:)- FlowO1(9,:); 
FlowW1(11,:)= FlowO1(11,:); 
FlowW1(20,:)= FlowO1(20,:); 
FlowW1(21,:)= FlowO1(21,:); 
FlowW1(17,:)= FlowO1(17,:)-FlowO1(10,:)-FlowO1(11,:)-FlowO1(20,:)-FlowO1(21,:); 
FlowW1(16,:)= FlowO1(16,:); 
FlowW1(18,:)= FlowO1(18,:); % missing data 
FlowW1(19,:)= FlowO1(19,:); 
FlowW1(15,:)= FlowO1(15,:)- FlowO1(19,:)-FlowO1(18,:); %Incorrect data 
% Correction of values for mean 
FlowW2 = FlowW1; 
FlowW2(10,:) = 0; 
FlowW2(17,:) = FlowW1(17,:)-FlowW1(10,:); 
FlowW2(15,:) = 0; 
FlowO2 = FlowO1; 
FlowO2(18,:)= FlowO1(16,:)+FlowO1(17,:); 
FlowO2(15,:)= FlowO2(18,:)+FlowO2(19,:); 
% Percentages contributed at each node 
FlowEnd = FlowO2(15,:); 
FlowWP =[]; 
for i=1:length(FlowO2)-1 
    FlowWP(i,:) = 100*(FlowW2(i,:)/FlowEnd); 
end 
clear i 
%------------------------------------------ 
%  
% DOC and TOC after slav lake 
% listed as nodes  
% Nodes 
% 1 NT18-7 (9 in previous) 
% 2 NT18-14 (14 in previous) 
% 3 NT18-13 (13 in previous) 
% 4 NT18-12 (12 in previous) 
% 5 NT18-10 (10 in previous) 
% 6 NT18-11 (11 in previous) 
% 7 NT18-16B (17 in previous) 
% 8 NT18-16B1 (20 in previous) 
% 9 NT18-16B2 (21 in previous) 
% 10 NT18-16A (16 in previous) 
% 11 NT18-17A (18 in previous) 
% 12 NT18-17B (19 in previous) 
% 13 NT18-15 (15 in previous) 
% % 1 portions of flow of DOC mg/s 
% DOC_F = []; 
% DOC_F(1,:)=FlowO2(9)*DOC_C(9); 
% DOC_F(2,:)=FlowO2(14)*DOC_C(14); 
% DOC_F(3,:)=FlowO2(13)*DOC_C(13); 
% DOC_F(4,:)=FlowO2(12)*DOC_C(12); 
% DOC_F(5,:)=FlowO2(10)*DOC_C(10); 
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% DOC_F(6,:)=FlowO2(11)*DOC_C(11); 
% DOC_F(7,:)=FlowO2(17)*DOC_C(17); 
% DOC_F(8,:)=FlowO2(20)*DOC_C(20);  
% DOC_F(9,:)=FlowO2(21)*DOC_C(21); % assuming that Bear lake = Hare. see 
Process_Data.mlx 
% DOC_F(10,:)=FlowO2(16)*DOC_C(16); 
% DOC_F(11,:)=FlowO2(18)*DOC_C(18); 
% DOC_F(12,:)=FlowO2(19)*DOC_C(19); 
% DOC_F(13,:)=FlowO2(15)*DOC_C(15); 
%  
% %Origin value for each node 
% DOC_OV=[]; 
% DOC_OV(1,:)=DOC_F(1,:); 
% DOC_OV(2,:)=DOC_F(2,:); 
% DOC_OV(3,:)=DOC_F(3,:); 
% DOC_OV(4,:)=DOC_F(4,:); 
% DOC_OV(5,:)=DOC_F(5,:)-DOC_OV(4,:)-DOC_OV(3,:)-DOC_OV(2,:)-DOC_OV(1,:); 
% DOC_OV(6,:)=DOC_F(6,:); 
% DOC_OV(8,:)=DOC_F(8,:); 
% DOC_OV(9,:)=DOC_F(9,:); 
% DOC_OV(7,:)=DOC_F(7,:)-DOC_OV(9,:)-DOC_OV(8,:)-DOC_OV(6,:)-DOC_F(5,:); 
% DOC_OV(10,:)=DOC_F(10,:); 
% DOC_OV(11,:)=DOC_F(11,:)-DOC_OV(10,:)-DOC_F(7,:); 
% DOC_OV(12,:)=DOC_F(12,:); 
% DOC_OV(13,:)=DOC_F(13,:)-DOC_OV(12,:)-DOC_F(11,:); 
%  
%  
%  
% % Comparing mainchannel measrement with material from tributaries 
% Test1=[]; 
% Test1(1,:)= DOC_F(5,:)-DOC_F(4,:)-DOC_F(3,:)-DOC_F(2,:)-DOC_F(1,:); 
% Test1(2,:)= DOC_F(7,:)-DOC_F(5,:)-DOC_F(6,:)-DOC_F(8,:)-DOC_F(9,:); 
% Test1(3,:)= DOC_F(11,:)-DOC_F(7,:)-DOC_F(10,:); 
% Test1(4,:)= DOC_F(13,:)-DOC_F(12,:)-DOC_F(11,:); 
%  
% Test2=[]; 
% Test2(1,:)=Test1(1,:)/DOC_F(5,:); 
% Test2(2,:)=Test1(2,:)/DOC_F(7,:); 
% Test2(3,:)=Test1(3,:)/DOC_F(11,:); 
% Test2(4,:)=Test1(4,:)/DOC_F(13,:); 
TOC_F = []; 
TOC_F(1,:)=FlowO2(9)*TOC_C(9); 
TOC_F(2,:)=FlowO2(14)*TOC_C(14); 
TOC_F(3,:)=FlowO2(13)*TOC_C(13); 
TOC_F(4,:)=FlowO2(12)*TOC_C(12); 
TOC_F(5,:)=FlowO2(10)*TOC_C(10); 
TOC_F(6,:)=FlowO2(11)*TOC_C(11); 
TOC_F(7,:)=FlowO2(17)*TOC_C(17); 
TOC_F(8,:)=FlowO2(20)*TOC_C(20); 
TOC_F(9,:)=FlowO2(21)*TOC_C(21); % assuming that Bear lake = Hare. see 
Process_Data.mlx 
TOC_F(10,:)=FlowO2(16)*TOC_C(16); 
TOC_F(11,:)=FlowO2(18)*TOC_C(18); 
TOC_F(12,:)=FlowO2(19)*TOC_C(19); 
TOC_F(13,:)=FlowO2(15)*TOC_C(15); 
TOC_OV=[]; 
TOC_OV(1,:)=TOC_F(1,:); 
TOC_OV(2,:)=TOC_F(2,:); 
TOC_OV(3,:)=TOC_F(3,:); 
TOC_OV(4,:)=TOC_F(4,:); 
TOC_OV(5,:)=TOC_F(5,:)-TOC_OV(4,:)-TOC_OV(3,:)-TOC_OV(2,:)-TOC_OV(1,:); 
TOC_OV(6,:)=TOC_F(6,:); 
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TOC_OV(8,:)=TOC_F(8,:); 
TOC_OV(9,:)=TOC_F(9,:); 
TOC_OV(7,:)=TOC_F(7,:)-TOC_OV(9,:)-TOC_OV(8,:)-TOC_OV(6,:)-TOC_F(5,:); 
TOC_OV(10,:)=TOC_F(10,:); 
TOC_OV(11,:)=TOC_F(11,:)-TOC_OV(10,:)-TOC_F(7,:); 
TOC_OV(12,:)=TOC_F(12,:); 
TOC_OV(13,:)=TOC_F(13,:)-TOC_OV(12,:)-TOC_F(11,:); 
% Comparing mainchannel measrement with material from tributaries 
Test1=[]; 
Test1(1,:)= TOC_F(5,:)-TOC_F(4,:)-TOC_F(3,:)-TOC_F(2,:)-TOC_F(1,:); 
Test1(2,:)= TOC_F(7,:)-TOC_F(5,:)-TOC_F(6,:)-TOC_F(8,:)-TOC_F(9,:); 
Test1(3,:)= TOC_F(11,:)-TOC_F(7,:)-TOC_F(10,:); 
Test1(4,:)= TOC_F(13,:)-TOC_F(12,:)-TOC_F(11,:); 
Test2=[]; 
Test2(1,:)=Test1(1,:)/TOC_F(5,:); 
Test2(2,:)=Test1(2,:)/TOC_F(7,:); 
Test2(3,:)=Test1(3,:)/TOC_F(11,:); 
Test2(4,:)=Test1(4,:)/TOC_F(13,:); 
%What would concentration from the west be if all  
% Temp1= test2/FlowW2(17) 
% POC 
% POC_C=TOC_C-DOC_C; 
%   
% POC_F = []; 
% POC_F(1,:)=FlowO2(9)*POC_C(9); 
% POC_F(2,:)=FlowO2(14)*POC_C(14); 
% POC_F(3,:)=FlowO2(13)*POC_C(13); % This is a negative number so it will be set to 
zero.  
% POC_F(3,:)=0; 
% POC_F(4,:)=FlowO2(12)*POC_C(12); 
% POC_F(5,:)=FlowO2(10)*POC_C(10); 
% POC_F(6,:)=FlowO2(11)*POC_C(11); 
% POC_F(7,:)=FlowO2(17)*POC_C(17); 
% POC_F(8,:)=FlowO2(20)*POC_C(20); 
% POC_F(9,:)=FlowO2(21)*POC_C(21); % assuming that Bear lake = Hare. see 
Process_Data.mlx 
% POC_F(10,:)=FlowO2(16)*POC_C(16); 
% POC_F(11,:)=FlowO2(18)*POC_C(18); 
% POC_F(12,:)=FlowO2(19)*POC_C(19); 
% POC_F(13,:)=FlowO2(15)*POC_C(15); 
%  
% POC_OV=[]; 
% POC_OV(1,:)=POC_F(1,:); 
% POC_OV(2,:)=POC_F(2,:); 
% POC_OV(3,:)=POC_F(3,:); 
% POC_OV(4,:)=POC_F(4,:); 
% POC_OV(5,:)=POC_F(5,:)-POC_OV(4,:)-POC_OV(3,:)-POC_OV(2,:)-POC_OV(1,:); 
% POC_OV(6,:)=POC_F(6,:); 
% POC_OV(8,:)=POC_F(8,:); 
% POC_OV(9,:)=POC_F(9,:); 
% POC_OV(7,:)=POC_F(7,:)-POC_OV(9,:)-POC_OV(8,:)-POC_OV(6,:)-POC_F(5,:); 
% POC_OV(10,:)=POC_F(10,:); 
% POC_OV(11,:)=POC_F(11,:)-POC_OV(10,:)-POC_F(7,:); 
% POC_OV(12,:)=POC_F(12,:); 
% POC_OV(13,:)=POC_F(13,:)-POC_OV(12,:)-POC_F(11,:); 
%  
%  
% Test1=[]; 
% Test1(1,:)= POC_F(5,:)-POC_F(4,:)-POC_F(3,:)-POC_F(2,:)-POC_F(1,:); 
% Test1(2,:)= POC_F(7,:)-POC_F(5,:)-POC_F(6,:)-POC_F(8,:)-POC_F(9,:); 
% Test1(3,:)= POC_F(11,:)-POC_F(7,:)-POC_F(10,:); 
% Test1(4,:)= POC_F(13,:)-POC_F(12,:)-POC_F(11,:); 
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%  
% Test2=[]; 
% Test2(1,:)=Test1(1,:)/POC_F(5,:); 
% Test2(2,:)=Test1(2,:)/POC_F(7,:); 
% Test2(3,:)=Test1(3,:)/POC_F(11,:); 
% Test2(4,:)=Test1(4,:)/POC_F(13,:); 
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