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Introduction 

The Red River forms the western boundary of Minnesota, and flows northwards through 

Minnesota and North Dakota before entering the Canadian province of Manitoba. During the last 

century, the Red River has produced several exceptionally large floods that inundated thousands 

of square miles and affected hundreds of thousands of people in Fargo, Grand Forks, and other 

major communities. The Red River Flood in 1997, regarded as the most severe flood of the river 

since 1826, led to extensive flooding and severe damage in United States and Canada causing 

economic loss of more than $2 billion (Gunn 2008). In North Dakota, the Fargo-Moorhead Area 

Diversion Project was approved by Congress to build a 36-mile long diversion channel to protect 

the Fargo-Moorhead Metropolitan area from billions of dollars in flooding damage. One reason 

for this project is the Red River has exceeded flood stage in 48 of the past 109 years including 

every year from 1993 through 2011 and again in 2013 (Flood Diversion Board of Authority 2015). 

In other words, people in North Dakota believe the floods of Red River have become more 

common and larger in last several decades. Todhunter (2012) showed there was a larger possibility 

of extreme flood in the Red River by comparing the peak discharge data of 1883-1942 and 1943-

2001 in Grand Forks. However, there is no research studied on multiple gages of the Red River 

that could prove the Red River floods have become more frequent and extreme along its entire 

course during the last several decades. 
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Methodology 

I have analyzed long-term records of river discharge of five of the Red River gages to show if there 

is a quantifiable positive trend in Red River hydrology over the last several decades. Only 

discharge data of more than 50 years were used in this research, since long-term hydrologic records 

are a significant part of the portfolio of research to understand the hydrologic response to climate 

change and to help distinguish between long-term hydrologic persistence and trend (Hirsch, 2011). 

All daily discharge data of Fargo, Grand Forks, Drayton, Halstad and Wahpeton gages were 

collected and accessed from the United States Geological Survey (http://www.usgs.gov/water/) in 

February 2015. Then, annual peak, minimum and mean flows were calculated in MATLAB to 

generate and plot time series for every gage, and a further test is needed to test for trend. 

 I followed the strategy outlined by Yue (2002) to remove the effects of autocorrection and 

test for the trend in the Red River hydrological time series for each gage. First, the slope of the 

time series was estimated to remove linear trend. I used the detrended time series to estimate lag-

one serial correlation and removed AR(1) from the time series, because the existence of serial 

correlation alters the variance of the estimate of the Mann–Kendall (MK) statistic (Yue 2002). 

Then, the identified trend and residual were added back to the times series, which was no longer 

influenced by the effects of autocorrection. Finally, I applied the Mann-Kendall test to access the 

significant of the trend. With significance level of .05, the null hypothesis of no trend will be 

rejected if p value is less than the significance level. 

 

Results 

After I applied above processes on median, peak and minimum discharge of Fargo, Grand Forks, 

Drayton, Halstad and Wahpeton gages, I find the result is very similar on every gage, and here I 

http://www.usgs.gov/water/
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use data and analysis from Fargo to summarize overall observation. Based on autocorrection-

removed MK test on median, peak and minimum flow, the p-value of every data set is less than .05, 

and the null hypothesis of no trend is rejected for all data sets. Therefore, it is proved that there is 

a positive trend on annual median, peak and minimum daily flows in the Red River of the North 

at Fargo, Grand Forks, Drayton, Halstad and Wahpeton gages, which means the river flow has 

been increasing in last few decades in the Red River of the North. 

 

Discussion 

Based on MK test applied on daily discharge records, there is a positive trend on annual median 

daily flow, annual peak daily flow and annual minimum daily flow in Fargo, Grand Forks, Drayton, 

Halstad and Wahpeton gages of the Red River of the North. This result has proved the Red River 

flood have become more frequent and extreme along its entire course during the last several 

decades. In Fargo, ND, the time series of median daily flow in the Red River from 1901 to 2015 

is 4.7748 cubic meters per second per year, which means the median daily flow has increased by 

549.1 m3/s in last 115 years. Therefore, more flood protection is needed to protect the major 

communities near the Red River from billions of dollars in flooding damage, and residents should 

be more prepared for future floods, for example, by purchasing flood insurance. Also, an 

interesting observation is that the trend is always more obvious on median and minimum daily 

flow records, since the p-values of peak daily flow records are closer to .05 and the slope is smaller, 

compared to p-values obtained from MK test on median and minimum flow records. 

In daily hydrographs by decade in the Red River of the North at Fargo, ND, the daily flows have 

been increased substantially, and in first seven decades in recorded years, the peak flow over the 

year did not get higher than 60, 000 m3/s, but four of last five decades have multiple annual peak 
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flows that were higher than 60, 000 m3/s. More and more local peak flows have appeared after the 

main floods between day 100 and day 200 in last few decades, which means the Red River floods 

tended to last longer and more extreme. Also, it is shown that the peak flow in a year has been 

moving closer to day 100, which means the Red River floods tended to arrive earlier. Moreover, 

from 1901 to 1939, the daily flows in these four decades were surprisingly dropping down, but 

after the fourth decade, it is more obvious that the daily flows have been increasing. Especially 

from 1930 to 1939, there was hardly any flood in this decade. Overall, the annual flood protection 

should start earlier and end later, because the flooding period might be longer that it used to be. 
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Appendix 

Gage Latitude Longitude Drainage 

Area(m2) 

Record 

Start Date 

Record End 

Date 

Fargo 46°51'40" 96°47'00" 6,800 06/01/1901 02/06/2015 

Grand 

Forks 

47°55'37" 97°01'44" 30,100 01/01/1904 02/06/2015 

Drayton 48°34'20" 97°08'50" 34800 04/01/1936 02/06/2015 

Halstad 47°21'07" 96°50'36" 21,800 06/01/1961 02/06/2015 

Wahpeton 46°15'58" 96°35'54" 4,010 05/01/1942 02/06/2015 

 

Figure 1: latitudes, longitudes, drainage areas and record rages of Fargo, Grand Forks, Drayton, 

Halstad and Wahpeton gages of the Red Rive of the North. 
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Figure 2: time series of annual peak, median, and minimum daily flows of the Red River of the 

North at Fargo, ND (USGS 0505400) are calculated and plotted, based on daily discharge data 

from 1901 to 2015. The unit of daily dischage (y-axis) is m3/s. 
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Figure 3: daily hydrographs by decade of the Red River of the North at at Fargo, ND (USGS 

0505400). The y-axis ranges are kept the same for all graphs in order to see how daily flow has 

been changing in last 12 decades. The unit of daily dischage (y-axis) is m3/s. 
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Figure 4: time series of annual peak, median, and minimum daily flows of the Red River of the 

North at Grand Forks, ND (USGS 05082500) are calculated and plotted, based on daily 

discharge data from 1904 to 2015. The unit of daily dischage (y-axis) is m3/s. 
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(Figure 5: daily hydrographs by decade of the Red River of the North at Grand Forks, ND 

(USGS 05082500). The y-axis ranges are kept the same for all graphs in order to see how daily 

flow has been changing in last 12 decades. The unit of daily dischage (y-axis) is m3/s.) 
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Figure 6: time series of annual peak, median, and minimum daily flows of the Red River of the 

North at Drayton, ND (USGS 05092000) are calculated and plotted, based on daily discharge 

data from 1936 to 2015. The unit of daily dischage (y-axis) is m3/s. 
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Figure 7: daily hydrographs by decade of the Red River of the North at Drayton, ND (USGS 

05092000). The y-axis ranges are kept the same for all graphs in order to see how daily flow has 

been changing in last 12 decades. The unit of daily dischage (y-axis) is m3/s. 
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Figure 8: time series of annual peak, median, and minimum daily flows of the Red River of the 

North at Halstad, MN (USGS 05064500) are calculated and plotted, based on daily discharge 

data from 1961 to 2015. The unit of daily dischage (y-axis) is m3/s. 
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Figure 9: daily hydrographs by decade of the Red River of the North at Halstad, MN (USGS 

05064500). The y-axis ranges are kept the same for all graphs in order to see how daily flow has 

been changing in last 6 decades. The unit of daily dischage (y-axis) is m3/s. 
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Figure 10: time series of annual peak, median, and minimum flows of the Red River of the North 

at Wahpeton, ND (USGS 05051500) are calculated and plotted, based on daily discharge data 

from 1942 to 2015. The unit of daily dischage (y-axis) is m3/s. 
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Figure 11: daily hydrographs by decade of the Red River of the North at Wahpeton, ND (USGS 

05051500). The y-axis ranges are kept the same for all graphs in order to see how daily flow has 

been changing in last 12 decades. The unit of daily dischage (y-axis) is m3/s. 

 

Data Collected from Autocorrection-Removed Trend Test 

Gage Parameter Data Range P-value 

Fargo Annual median flow 06/01/1901-

12/31/2014 

1.9232e-9 

Annual peak flow 1.9243e-7 

Annual minimum flow 1.0260e-4 

Grand Forks Annual median flow 01/01/1904-

12/31/2014 

1.0907e-11 

Annual peak flow 1.4245e-6 

Annual minimum flow 3.7018e-8 

Drayton Annual median flow 04/01/1936- 1.5358e-6 
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Annual peak flow 12/31/2014 0.0433 

Annual minimum flow 2.2820e-4 

Halstad Annual median flow 06/01/1961-

12/31/2014 

1.3095e-8 

Annual peak flow 0.0023 

Annual minimum flow 2.2464e-6 

Wahpeton Annual median flow 05/01/1942-

12/31/2014 

2.0539e-6 

Annual peak flow 0.0064 

Annual minimum flow 6.1985e-5 

 Figure 12: p-values obtained from autocorrection-removed trend test applied on Fargo, Grand 

Forks, Drayton, Halstad, and Wahpeton time series 

 

Figure 13: time series of annual peak, median, and minimum daily flows of the Red River of the 
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North at Fargo, ND (USGS 0505400) from 1901 to 2015 with slope plotted. The unit of daily 

dischage (y-axis) is m3/s. 

 

Figure 14: time series of annual peak, median, and minimum daily flows of the Red River of the 

North at Grand Forks, ND (USGS 05082500) from 1904 to 2015 with slope plotted. The unit of 

daily dischage (y-axis) is m3/s. 

 

Figure 15: time series of annual peak, median, and minimum daily flows of the Red River of the 
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North at Drayton, ND (USGS 05092000) from 1936 to 2015 with slope plotted. The unit of daily 

dischage (y-axis) is m3/s. 

 

Figure 16: time series of annual peak, median, and minimum daily flows of the Red River of the 

North at Halstad, MN (USGS 05064500) from 1961 to 2015 with slope plotted. The unit of daily 

dischage (y-axis) is m3/s. 

 

Figure 17: time series of annual peak, median, and minimum flows of the Red River of the North 
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at Wahpeton, ND (USGS 05051500) from 1942 to 2015 with slope plotted. The unit of daily 

dischage (y-axis) is m3/s. 
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