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I. Abstract 

From studying pollen and charcoal in lake sediments, scientists have reconstructed the 

past climate, fire frequency, and intensity as well as the vegetation patterns in the state of 

Minnesota. They concluded that the climate became wetter since 8000 yr BP ago and fire 

occurrence was less frequent, and both factors have led to forest invasion into prairie vegetation 

and shaped the modern day natural landscape in the region. This trend makes the modern-day 

landscape in Northern Minnesota overtly different from the landscape prior to 4000 yr BP during 

the mid-Holocene due to change in aridity, temperature and other climatic causes (Nelson & Hu, 

2008). An additional factor in understanding the past landscape’s relation to the modern 

landscape is Euro-American settlement and land use patterns in this region over the past two 

centuries. Both climate- and land-use-induced vegetation change could have significantly 

affected soils, especially their storage of carbon. To reveal more about the interaction among the 

three factors, this research utilizes several data sources, including historical and modern aerial 

imagery, public land survey notes and plat maps, soil survey data and agricultural statistics, to 

analyze the issue in iterations of comparison. First, to understand how the landscape has changed 

in Northern Minnesota prairie-forest transition region after the Euro-Americans settled on this 

land, the Public Land Survey notes and plat maps are examined to generate an understanding of 

the land cover prior to the settlement; then we compare this understanding of initial landscape to 
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the landscape after the settlement as recorded in 1930s aerial imagery, so that the impacts and 

changes that Euro-American settlement has made on the landscape will be revealed. Secondly, 

from comparisons of the earliest aerial images collected in 1930s to the modern day’s aerial 

images collected in 2015, the relation between human settlement and vegetation pattern, as well 

as how this relation has changed, can be learned to understand how human settlement has 

influenced the land cover on this landscape from post the Euro-American settlement period to 

present. Thirdly, soil survey data will be utilized to study whether there is a mismatch between 

vegetation pattern and soils in this region at these three points in time: prior- and post-Euro 

American settlement in late 19th century and the modern days; the spatiotemporal relationship 

between soil and vegetation patterns may reflect soils’ delayed response to past vegetation 

change. This research reveals the effects human settlements have on vegetation land cover on 

this unique vegetation transitional landscape, and understanding these effects could subsequently 

shed light on researching the impacts on soils and their carbon storage capacity.  

II. Introduction  

 The study area focuses on three counties in Northern Minnesota, the entire Mahnomen 

County, the Eastern one-third Polk County, and the Western portion of Clearwater counties. The 

elevation of this region generally ranges from 1400 m to 1600 m, which is around 4593 feet to 

5249 feet. These counties are chosen because they represent the most of the characteristics of the 

forest-prairie transitional boundary, also the land use history and land ownership history in this 

area are mainly influenced by Euro-American settlement instead of by early Indian settlement. 

Through using spatially balanced random sample selection tool in ArcMap, a set of sample sites 

were selected for detailed analysis and for representing the landscape of this forest-prairie 

transition region in the state. From previous fossil pollen preserved in lake sediments, scientists 
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reconstructed the postglacial plant distribution and indicated that this area has had a long history 

of plant occupation since 12,000 to 13,000 years ago which is the more permanent glacier 

retrieval period (McAndrews, 1966). Since then, three major vegetation compositions, including 

pine-hardwood forest, deciduous forest and prairie, have dynamically and alternatively 

composed the vegetation landscape in this region (McAndrews, 1966). Amongst the deciduous 

forest, oak savanna commonly marks the transitional region between deciduous forest and prairie 

or treeless grassland. The vegetation composition dynamic corresponds not only to the climatic 

conditions in the continental and regional level but also to the local factors such as soils and fire 

regime (McAndrews, 1966).  

Analyses of pollen and charcoal in Minnesota lake sediments have shown that climate 

change over the past few thousand years has caused major changes in the region’s vegetation and 

soils; human activities add more complexities in understanding the modern day climate and 

natural environment of this region. During the late 19th century, approximately in the 1880s, 

large numbers of European immigrants started to settle in the state (McAndrews, 1978). These 

early settlements and land cultivation accompanied the settlement in this region have greatly 

changed the landscape. The Euro-American settlement in Minnesota brought in tools, farming 

techniques and varieties of crops to cultivate the land. Some prairie land could have been used 

for farming, and other lands could have been maintained as prairie for grazing cattle. According 

to McAndrews (1966), logging activities and deforestation changed the land cover and reduced 

fire frequency by reducing biomass. In the past century, some privately owned prairie and forest 

land were continually being farmed or logged, with some reserved for hunting purposes (Goring, 

2015). Prior to the Euro-American settlement in this region, Indian settlement and land use could 

also have influence the vegetation distribution on the landscape in this region to a certain extent. 
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But in this research, we will not discuss the Native Indian settlement and their influence, simply 

because the time period we analyze on this landscape is constrained, and Euro-Americans 

brought in the more drastic changes in land uses and thus more changes in vegetation; the 

population of Euro-Americans was also much larger than that of the Native Indians. 

The land-use change from the Euro-American settlement era could have changed the soil 

properties as a result of vegetation distribution change. For example, soil erodibility could have 

increased while soil organic matter reduced by intensive farming. This research sheds light on 

the soils’ interrelationships with vegetation and then reveals the soil orders that are mostly 

disturbed by farming land use in the past and present. Human activities such as deforestation for 

agriculture purposes are also related to the modern day climate change at both local and global 

scales (Grimm, 1984). For example, the Minnesota Department of Natural Resources recently 

reported that the warmer climate has increased the growing season by about a month, which 

could increase agricultural production, especially of corn. This in-depth research will be 

important for understanding how human activities have influenced or changed the natural 

environment, including the soils and vegetation on a local scale, in order to understand how local 

and global climates are in turn impacted by human activities. 

        This research mainly focuses on understanding the interrelationships of the land use, 

vegetation patterns, and soils in Northern Minnesota through three aspects: 1) through comparing 

the land use patterns during the Euro-American period to the modern days, uncovering the kinds 

of vegetation types that are mainly disturbed; 2) predicting how the changes in vegetation could 

further influence soils or whether the changes to vegetation are related to soils; 3) examining the 

expansions and recessions of different types of agriculture activities, in order to make sense of 

the patterns of land use change.  
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Understanding the interactions among these topics lays a good foundation for future 

exploration of soils’ carbon storage capacity. Active research shows both that soil is an important 

reservoir of carbon that can be released as CO2 into the atmosphere, and that human interactions 

with soils through land use, such as establish settlement and agriculture, could impact the 

carbon-storing capacity of soils. Sanderman et al.(2017) used machine learning-based model to 

analyze the global soil organic carbon loss (SOC) and have concluded that large extent of 

agricultural and grazing land use has been generating large global carbon debt; agriculture alone 

generated a global carbon debt of 133 Pg C for the top 2m of soil, and the trend has been 

increasing dramatically in the past 200 years. Thus, human land use could have positive feedback 

on climate warming. As the climate gets warmer, growing seasons are longer; as more forest and 

prairie land being cleared and used for agriculture to increase production yield, soils in the region 

could become more erodible and thus lead to soil organic matter loss (McAndrews, 1988). This 

could have a series of subsequent negative influences. For example, the reduction of soil carbon 

storage capacity could result in a net increase in CO2 emissions, increasing warming; this could 

also make extreme rainfall events or droughts more common at the local scale. With lower 

organic carbon content, the soils will also be more vulnerable to erosion by heavy rainfall. In 

order to reduce the extent of or eliminate these potentially negative influences, local landowners 

and government agencies need to understand the effects of settlement history on soils and natural 

vegetation in Northern Minnesota. Such an understanding helps them make more environment-

friendly land use decisions and adopt more effective land management policies to avoid 

depleting the soil and vegetation resources - for example, allowing some fields to fall fallow 

intermittently and reducing the intensity of multiple cropping to avoid exhausting the organic 

matter in soils.  
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III. Literature Review 

Scientists have performed extensive research to understand past changes in the climate 

and vegetation in Northern Minnesota during the Holocene. However, more research needs to 

consider the relationship between soils and vegetation in this region. McAndrews’ (1966) 

research on the Northwestern Minnesota vegetation and their retaliation to the post-glaciation 

climate is one of the earlier work reveals the vegetation dynamics in this unique prairie-forest 

transition region. His study area, the Itasca Transect overlapped with Polk County in our research 

area, in addition to two other counties, Mahnomen County, and Clearwater County. Combined 

with the large-scale climate changes post-glaciation, the vegetation distribution in this 

transitional region has become more unstable and more dynamic (McAndrews, 1966). As he 

denoted, the grand scale climate change post-glaciation is a warming trend, and this resulted in 

the succession of the prairie vegetation in the West and forest vegetation in the East, with no 

predominant transitional savanna openings between prairie and forest. From the reconstruction of 

past vegetation distribution patterns with pollen data combining with the bearing tree records 

from the land surveying period in the 1870s, he stated that the vegetation patterns post-glaciation 

was analogous to that of before the Euro-American settlements. However, this pattern was not 

stable, variation in climate could lead to vegetation community expansion and retraction. He also 

discussed the roles that other factors, such as soil textures and fire frequency, played in 

influencing vegetation, such as the reduced fire frequency in wetter and cooler climate leads to 

forest expansion during the Little Ice Age. However, no identification of soil orders (Alfisols or 

Mollisols) was used to establish a clear relation between vegetation and soils. McAndrews 

mainly focused on identifying that vegetation, soils textures, and fire frequency are largely 

changed as climate changed, which laid a good foundation for our study (1966). Additionally, 
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McAndrews (1966) also stated that the Euro-American settlement changed the land and 

vegetation in a large spatial extent and also with a drastic influence. He suggested that the land 

use varied on different vegetation: “(they) altered the Prairie by cultivation and the Forest and 

Savanna by logging, reducing the fire frequency, and cultivation” (McAndrews, 1966).  These all 

laid evidence for our studying the patterns of Euro-Americans’ impact on vegetation through 

settlement. 

 
Fig.1  Generalized map of the formations and community types of the natural vegetation of northwestern Minnesota 
about 1875 (adapted from Marschner, 1930). The Itasca transect, the rectangle in the center, is 66 miles long and 6 

miles wide. 
 

Based on McAndrews’ classic work, Nelson and Hu (2008) revisited this prairie-forest 

ecotone with more precise temporal resolution. In their study they also emphasized the point that 

McAndrews (1966) made about the high spatial and temporal variability of vegetation 

communities in this region and that fires, which strongly relate to climate in the Holocene before 

heavy human settlement, play an important role in the vegetation variability; however, Nelson 



 

  8 of 36 

and Hu (2008) emphasized that that fire occurrence was highly relevant to fuel availability and 

fuel moisture and vegetation threshold. From their analysis of Charcoal accumulation rates 

(CHARs) in relation to prairie vegetation abundance from pollen assemblage, they concluded 

that during the Holocene, pervasive high moisture content led to low fire occurrence in general 

which in turn indicated that during this time, the prairie expansion and contractions was not 

related to fire regime; rather, aridity had a stronger linkage to vegetation communities (Nelson 

and Hu, 2008). During the mid-Holocene, the climate was generally considered to be warmer 

and more arid, more herbaceous vegetation, or the prairie taxa expanded Westward. Woody 

vegetation was also more common when the overall moisture was high. As a conclusion, Nelson 

and Hu stated the late-Holocene droughts were milder than the mid-Holocene aridity, in terms of 

impacting the large-scale vegetation distribution, but it was crucial to understand the roles 

Anthropogenic activities have in droughts and vegetation (2008).  

 Umbanhowar’s study looked even more closely at the role fire played in the interaction of 

fire, vegetation and climate by analyzing charcoals trapped in lake sediments in the Minnesota 

Big Woods region, which partially overlapped with the prairie-forest transition region (2004). 

Through analyzing the spatial and temporal abundance of charcoals, combined with the past 

pollen studies done by other scientists, he has brought to attention the ambiguity lies within the 

orders whether climate change first led to change in vegetation (fuel abundance) then changes 

the fire frequency, or the changes in climate alters the natural fire regime, thus lead vegetation 

abundance to change in response to the fire occurrence altering. Umbanhowar inclined more 

towards the second possibility, as he suggested through his charcoal analysis, the rise in oak 

pollen and coincident decrease in grass pollen were observed after the regional decline in 

charcoals in the cooler and moister climatic environment during the 16th and 17th century. 
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Therefore, during the past 1000 years, woodland was predominant, expanding into prairie 

regions. Nevertheless, he also made note that the past two-hundred-year human settlement could 

complex these relationships through changing the regional climate or the fire regime changes due 

to anthropogenic activities. 

 In addition to climate’s role in impacting fire regime and vegetation pattern, soils have 

also been identified as an important factor. From analyzing witness tree data recorded in the 19th 

century Public Land Survey, Grimm (1984) reconstructed the vegetation distribution in the Big 

Woods region in South-central Minnesota before large-scale settlement. His study identified that 

long-term change in fire regime had a greater influence on vegetation, but soil properties, such as 

soil drainage, soil properties, and Alfisols-Mollisols biosequence, have a fundamental influence 

on fire-probability. In his study, he identified that the Alfisols-Mollisols biosequence affects the 

vegetation communities both historically and functionally. Historically, even though the new 

vegetation community has invaded an area, the soils underneath could still preserve the 

properties from the previous predominant vegetation, indicating soil’s delayed response to 

vegetation change. One example of the change in vegetation development is associated with the 

fire occurrence and its relation with soils (Grimm, 1984). Soils influence vegetation distribution 

due to the reserved fire occurrence tendency. Soils developed under fire-tolerant forest 

vegetation tend to have lower fire occurrence tendency, so this property will be preserved by the 

soils which will affect the fire tolerance of the successive vegetation (Grimm, 1984).  

 Goring et al. (2015) further studied the dynamics of vegetation patterns in the 

Midwestern U.S. from the Euro-American settlement period to present. They pointed out the 

importance of forest composition change by using the PLSS data. Through calculating the stem 

density to biomass ratio which incorporates both the tree size and stockings, they found that in 
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Northern Minnesota post-settlement, the forest tends to be younger with small-diameter trees; the 

stands are also even-aged. Goring et al pointed out that these phenomena could contribute to the 

frequent stand-replacing fire disturbance or poor soil conditions accompanied by settlement 

activities. By using FIA (Forest Inventory Analysis) and PLSS, Goring et al contrasted the 

transects in the ecotone regions, and found that there have been significant changes to the 

ecotone structures from the pre-settlement to modern time, with higher heterogeneous forest 

composition and steeper ecotones in the pre-settlement era and more diffused ecotones present 

(2015). They suggested that the land-use changes are a crucial point for “resetting” the forest 

successive clock, thus are responsible for changes in regional ecotone composition, climate, 

potentially soil, and other geophysical properties to a certain extent. Beyond, they concluded 

from their analysis of Minnesota, Wisconsin and Northern Michigan that 28% of the regional 

forest cover is novel comparing to the forest in two centuries ago prior to Euro-American 

settlement, which again indicates a significant change in a very short time (Goring et al., 2015).

 These scientific milestones all have strived to uncover the interactions between the 

Midwestern natural environment and Euro-American settlement through extensive studies of the 

key factors and their interactions, such as fire, soil, vegetation and human land-use activities. 

Multiple of these studies also prove that using Public Land Survey data is valid for 

reconstructing the vegetation conditions from the pre-settlement time. These efforts already 

provide crucial fundamentals for reconstructing the climate and vegetation history in this region. 

In order to establish a complete picture of the relationships among these factors, another piece of 

puzzle is still missing, that is the dynamic relationship between soils and vegetation in the 

transitional region, as well as the role Euro-American settlement played in complicating this 

relationship. Therefore, we need to understand what kinds of soils and natural vegetation were 
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mainly impacted by Euro-American settlement or even what soils are preferred (consciously and 

unconsciously chosen) for Euro-American settlement to be able to analyze how land use change 

affected soils and soil properties, including soil fire probability and carbon storage, for future 

studies. Filling these gaps will be fundamental to land management decision making, as well as 

for future studies of carbon loss through agricultural land use and climate change in relation to 

human activities. 

IV. Methods 

 In this research, we utilized both historical and modern aerial imageries as well as 

historical land survey data for past landscape reconstruction and land use classification; we then 

used soil survey data and state agricultural statistics to reveal the reasons behind the land cover 

and land use patterns. 

1. Public Land Survey System (PLSS) 

 The main approach of subdividing and describing the otherwise continuous land we 

referenced in this research is using the Public Land Survey System (PLSS). According to USGS, 

the rectangular Public Land Survey System was adopted by the U.S. Department of the Interior, 

Bureau of Land Management (BLM) starting from the late 18th century during the land survey 

period for the majority of the United States territory, excluding some water bodies, national 

parks, military reservations land had already been granted. In general, the PLSS system divides 

land into 6-mile-squared township, and then subdivide each township into 36 one-mile-square 

sections (USGS). Further division of each section is mostly used for land allocation and other 

landownership  purposes, but in our research the smallest unit of land for our analysis purpose 

would be a section in a township. When identify or describing a section, we would follow the 
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PLSS’s convention, for instance, in the example of  figure 1, T2SR3WS14-T for township, S for 

South of baseline, R for range, W for West of principal meridian, and lastly section 14. 

 

 

 

 

 

 

 

 

Fig. 2  Public LandSurvey System, retrieved from The Public Land Survey System, USGS. 

2. Random Sample Selection  

 To select a finite set of data points, we used spatially balanced random sample selection. 

Depending on aerial data availability and whether the points are in water bodies or not, we 

further eliminated the points that are not suitable for detailed analysis and had a total of ten 

sample sites scattered across the three counties for in-depth study. The spatially balanced sample 

selection design tool in ArcGIS software is based on Theobald et al’s research on random survey 

designs for natural resource applications (2007). Adopting this simplified probability-based 

survey design is because it computes “probabilities based on simple categories represented by 

geographic features  (e.g., vegetation types), categories that are composed of multiple factors 

(e.g., elevation zones and vegetation types), and continuously varying inclusion probabilities to 

reflect an environmental gradient such as temperature or precipitation” (Theobald et al., 2007), 

thus we would be able to have randomly distributed sample points evenly selected from all the 

sections within the transitional region across three counties. This region across the three counties 
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we used for randomly selecting sample points eliminated areas such as the Glacial Lake Agassiz 

lowland in Northern Polk County, the uniform prairie region in Western Polk County that is no 

longer considered the transitional ecotone, and the Eastern part of Clearwater County that is 

uniformly forest.  

Fig. 3  The map indicates the second set of 30 sample points generated from using spatially balanced random sample 

selection tool in ArcGIS and their spatial locations in the study area. 

We started by selecting an initial set of 20 sample points. After numerically labeling the 

points in ArcGIS, we went through the sample points in numerical order to check if they are on 

large water bodies, or on Indian tribe-owned land, if they are too far from the transitional region 

that we are mainly concerned about, and if there are aerial photos available for the section where 

the point locates in; then we eliminate the sample points based on the above limitations. 

However, based on these criteria, out of 20 points, we only have around 7-8 eligible sections 

available for further analysis, and we need at least 10 sections in order to capture the varying 
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land use patterns on the landscape. Therefore, we abandoned this initial random selection of 

sample points and started a second set of random samples. The second set we randomly selected 

30 sample points; the following figure shows the set of 30 sample points (Fig. 3). After checking 

the limitations mentioned above, we have 10 sample points qualified for further analysis; the 

Table 1 below displays these 10 points. 

 

 

 

 

 

 
 
 
 

 
Table 1 The table indicated the sample points, their township, sections and the letter code used in this research, as 

well as their residual value from the georeferencing. 
 

3. Historical Aerial Imagery and Classification 

In order to establish an understanding of the post-settlement land use condition in the ecotone 

of the three counties, we first examined the earliest historical aerial photographs available of the 

three counties, which are aerial photos collected by the Minnesota state government in the 1930s. 

The initial examination of the aerial photos allows us to gain an initial understanding of what are 

the major land use categories of this region, which leads us to determine the six major land use 

types: savanna, pasture, forest, cropland, other and water. Savanna includes the scattered 

woodland and pasture with scattered trees on top. Pasture class includes more uniform grassland 

with no trees or few trees on top. Forest includes dense coverage of deciduous or evergreen trees. 

Land with straight and clean edges indicating human management, as well as evidence of 

plowing and irrigation evidence, would be classified as cropland. Other class includes roads, 

Point Township Code County RMS 
2 T147R38S31 E Clearwater 4.58 
4 T143R41S21 B Mahnomen 2.87 
5 T146R41S29 C Mahnomen 4.29 
9 T149R38S22 G Clearwater 1.68 

11 T148R38S28 H Mahnomen 10.41 
13 T148R38S28 I Clearwater 3.43 
17 T149R40S16 J Polk 2.31 
18 T145R40S28 K Mahnomen 5.33 
20 T147R41S17 F Polk 4.47 
28 T149R38S6 D Clearwater —— 
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houses, warehouses, factories, farmyards, and the land surrounding these establishments that 

show evidence of active human settlement. Water class includes water bodies of different sizes 

as long as recognizable from the given scale aerial photos, shorelines, and the surrounding marsh 

areas. Establishing the land use classes provides a fundamental guideline for the following step 

of digitizing the aerial photos. 

4. Historical Aerial Imagery and Georeferencing 

One issue to note before digitizing the historical aerial imagery or using them for any sort 

of geographical analyses is that they have not readily been georeferenced, which means that they 

do not have geographic coordinates associated with the imagery. Adding spatial reference 

information to these imageries geometrically corrects these imageries and allow the scale of the 

images to become uniform, which will fulfill our later purposes to measure true distance and 

calculate areas. We used the ArcGIS Georeferencing tool to perform this task and project data all 

to projection NAD 1983 UTM Zone 15N. The relatively low resolution of these first-generation 

imagery adds some difficulty into georeferencing. We used the orthorectified aerial photo from 

2015 to georeference our historical photos. These 2015 imageries already contain spatial 

reference information and we will discuss about them in more details later. Each historical aerial 

photo, we select at least 10 ground control points or at least 10 pairs of links (between historical 

images and the 2015 images) at the defined object boundaries such as road intersections to 

georeference or transform the images. The transformation function we used is the default first-

order or affine transformation, which requires only 3 pairs of links to perform the transformation, 

more than 3 could introduce errors to the mathematical calculation (which are the residuals) for 

the transformation. However, due to the low-resolution and the changes to the objects (such as 

road curvature change) of the historical images, we would have a higher likelihood to have 
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points positioned wrong if we only select 3 control points. In this case, around 10 control points 

will increase the overall accuracy. Also, each pair of links established yield a residual value, and 

the overall residual of the entire link table or the Root Mean Square(RMS) error thus is changed. 

This RMS value describes how consistent the transformation is between the different control 

points, which could have some influence on our land use area calculation later on. Therefore 

when we georeference, we try to maintain the RMS error in the range of 4.0-5.0. In one or two 

cases, we have a landscape that is very complicated and changed greatly from the modern-day’s, 

the residual level would be high even after several rounds of re-selecting control points. See 

Table 1 for the overall residuals for the ten studied sections. Lastly, after we are satisfied with 

the RMS and more importantly the over accuracy, we would always rectify the imagery to create 

a new raster dataset for later digitization and other processing.  

5. Historical Aerial Imagery and Digitization 

Fig. 3  (left) One example of the land surveyor’s notes before the Euro-American settlement. This page describes the 
East border of Town 143 Range 41 Section 21. 

Fig. 4   (right) One example of the plat map drawn by the land surveyors based on their observations of the 
landscape as they survey the land. The locations, the relative sizes and distances of the features are not drawn to 

scale. 
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After we determined the six main land use categories, we start to digitize the aerial 

photos using ArcGIS software into vector polygons in order to calculate the areas of each land 

use type. The 1930s aerial photos are archived by John R. Borchert Map Library at the 

University of Minnesota, and each aerial photo could include multiple sections of one township 

usually, sometimes, the aerial photos would capture the boundary area two neighboring 

townships. However, we only digitize the section where the randomly selected sample point is 

located in, so whether the photo covers one township or two townships does not matter, as long 

as the photo covers the section with the sample point completely; if not, we would look at a 

different aerial photo taken in the surrounding area of the sample point; if there are no photos 

that actually capture the section completely, the sample point is abandoned due to insufficiency 

of data, and then we could iterate to the following sample point and check it the same approach. 

These archived 1930s aerial photos provide the earliest pictorial information we need to 

understand the Minnesota landscape objectively. Similar to georeferencing the historical photos, 

the coarse spatial resolution and black-and-white nature make it harder to identify the features in 

the photos. Therefore, we laid out several guidelines to follow for digitization to keep 

consistency, such as defining a minimum area for polygons to be categorized. We are not 

interested in the area of one tree in the cropland, but in capturing the larger scale trend, such as If 

the woods next to the human settlement looked very dense, they could be planted for blocking 

winds, hunting or other purposes related to human activates; if they look relatively scattered or 

open, they could be classified into savanna; when interpreting prairie land cover, there could be 

lots of wetland area and they look like pasture, we generally identify them as pasture if the 

texture is more uniform and smooth, if the texture is clearly different from other pasture in the 

same section and the area is closer to a waterbody, it is classified as water. In unique cases when 
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some features are too ambiguous, such as darker patches that could be water bodies or statins on 

the films, we would reference the land surveyor’s notes (Fig. 3) and the plat maps (Fig. 3) from 

pre-settlement time, but never the modern aerial imagery or other means of double-guessing by 

going back to adjust the digitization based on your later interpretation, because of which would 

bias our comparison of the land cover from these two time periods. Here is to note that we do not 

fully rely on land surveyor’s notes and the plat maps to understand the pre-settlement land cover 

condition is largely related to the uncertainties and biases in the original documentation of the 

land features as well as our interpretations of these data. 

6. Modern 2015 Aerial Imagery 

 After the initial check of 1930s aerial data quality. We continued to gather aerial imagery 

of the same geographic areas of the modern days. The most complete and recent aerial dataset 

we could find of the study area is from 2015 National Ag. Imagery Program(NAIP) Mosaic 

acquired at the USDA Geospatial Data Gateway archive. These imageries are already 

orthorectified, meaning they have spatial information already. Therefore, we could directly use 

these for land use digitization and classification. Methods for these are the same as for aerial 

photos. The spatial scale that we work on to digitize the raster data is maintained at 1:4000. 

7. Land Use Matrix 

 Using the union tool in ArcGIS, we overlay the two layers that were digitized from the 

20th century and the modern day’s aerial photos. The unions or the overlapping areas suggest the 

land use class that exists in place in both the past and in the modern days. We check the attribute 

tables for the polygons to see if unions exist between these two classes or if it is empty. Then we 

query for the overlapping area. Finally, we construct a matrix for the six classes, yielding 36 

possible combinations (Table 2).  
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Point 2 
T147R38S31 

Clearwater 
Code: E 

Savanna/ 
1930s 

Pastures/ 
1930s 

Forest/ 
1930s 

Cropland/ 
1930s 

Other/ 
1930s 

Water/ 
1930s 

Savanna/ 
2015 

ESS=14.01% 
(Savanna in 

1930s, 
savanna in 

2015) 

EPS=3.15% EFS=3.95% ECS=0.63% EOS=1.27% EWS=0% 

Pastures/ 
2015 

ESP=0% 
(Savana 
before, 

pasture now 

EPP=0.01% EFP=0% ECP=0% EOP=0% EWP=0% 

Forest/ 
2015 

ESF=9.63% 
Savanna 

before, forest 
now 

EPF=0.88% EFF=6.49% ECF=0.54% EOF=0.24% EWF=0% 

Cropland/ 
2015 

ESC=17.45% 
Savanna 
before, 

cropland now 

EPC=1.67% EFC=4.18% ECC=29.74% EOC=0.24% EWC=0% 

Other/ 
2015 

ESO=2.06% 
Savanna 

before, other 
now 

EPO=0.39% EFO=0.59% ECO=1.19% EOO=1.63% EWO=0% 

Water/ 
2015 

ESW=0.05% 
Savanna in 

1930s, water 
in 2015 

EPW=0% EFW=0% ECW=0% EOW=0% EWW=0
% 

Sum Union Area(SA) 2587339.71 
 

Table 2  Illustration of the process to construct a 6*6 matrix for capturing the change of each land cover class, as 

well as the calculated precutting of change for point 2. 

 We fill out this matrix with calculated results of the percentage of change of each cell 

against the sum of the digitized area (Table 2 above). We then round all the results to two 

decimal places. Here, we need to note that we did not divide each union against the total area 

(TA) of the section, even though all these digitized polygons are within one polygon. The reason 

is even with careful digitization, some slim widgets or areas of missing digitization could exist 

and the summed area (SA) of union area would not add up equal to the TA of the section. Since 

we are only interested in the percentage of changes in different land cover classes, therefore 

dividing the union area or the stable land cover area by the SA is more appropriate.  
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8. Soil Survey Data 

 After quantified land cover/land use changes, we then overlay the USDA-NRCS Soil 

Survey data with our digitized land use classes to establish an understanding of the relationship 

between soils and vegetation in order to understand whether there was a significant mismatch 

between these patterns during the settlement era, indicating the soils’ delayed response to past 

vegetation change. The earliest quality soil survey data for this region were collected from the 

early- to mid-20th century, which is the post-settlement era, however, using this data is valid 

because we expect soils do not change fast enough in a fifty-year time scale. A full Alfisols to 

Mollisols transition takes more than 100 years in the physical conditions of our study area. 

In our study, we mainly examine two land cover classes, cropland and forest, and two soil 

orders, Alfisols and Mollisols. These two land covers types are expected to have the most 

changes from the Euro-American settlement to present. Alfisols and Mollisols are two prominent 

soil orders that lie under the forest vegetation and prairie vegetation correspondingly. According 

to the soil classification defined by the Department of Soil Science at University of Minnesota, 

Alfisols are “soils with evidence of strong development of distinctive properties, including a 

fine-textured subsoil relatively high in nutrients, usually formed under forest vegetation” and 

Mollisols are “soils with a deep, dark, fertile topsoil, usually formed under prairie vegetation”.  

In ArcGIS, we first queried the soil orders that have major components as “Alfisols” and 

“Mollisols”, then used the Union tool to find the overlap between land use (cropland and forest) 

and soils (Alfisols and Mollisols). The overlapping area of each land use and soil pair is 

calculated and documented as a matrix for all the sections (see Table 3 below). The percentage 

of each land use and soil pair over the total area of cropland or forest is also calculated (see 

Table 4 below). Through this examination of soil survey data and vegetation overlay, we are able 
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to understand the Euro-American settlement preference related to soil. For example, the kind of 

soils that were heavily used for farming by the Euro-American settlement, are more likely to be 

disturbed and experience changes (Sanderman, Hengl, & Fiske, 2017), such as soil structure, soil 

compaction, erodibility and carbon storage capacity. 

 

Table 3  Overlapping area and the percentage         Table 4   Percentage of each land use and soil pair  
 of  between land use and soils.        over the total area of cropland or forest  
 
9. Agriculture Data 

 In order to provide some explanations and to validate our analysis results, we examined 

historical cattle and crop statistics collected for our study area from the National Agricultural 

Statistics Service (NASS) at the United States Department of Agriculture (NSDA). We 

compared the trend we see in cattle statistics from the 1930s to present to explain the change we 

see in the pasture class in our land cover analysis. When examining the crop production, we only 

consider Mahnomen County and Clearwater County, because the large part of Polk ounty locates 

in the Red River Valley which is in the floor of Glacial Lake Agassiz, and the agricultural 

characteristics is more complicated and different from the rest of our study area, thus, is not 

discussed here. We examine the major crops harvested (soybeans, corn, and wheat) from the 

1930s to 2010s and compare the trend of cropland area we analyzed from the aerial images to 

validate our analysis. Furthermore, we examined the harvested spring and winter wheat in the 

study area throughout the time span, in order to understand if the changing climate has 

influenced the agriculture in this region of Minnesota. 

Point 9 (CW) Cropland Forest 
Mollisols 474257.61 187659.24 
Alfisols 517120.92 101044.64 

 

Point 9 (CW) Cropland Forest 
Mollisols 30.16 43.01 
Alfisols 32.88 23.16 

total cropland area 1572729.22  

total forest area 436272.39  
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V. Results 

1. Land Cover/Land Use Changes 

 The land use matrix we constructed from each of our sample points provides an overview 

of how the land use has changed or whether it has stayed the same. From examining the land use 

change matrix, we are able to observe that in what categories the most prominent changes have 

occurred in the given time. In general, we examine more closely the land use change values 

greater than 4% when we analyze the land use changes to avoid over-interpret the errors from 

sources like georeferencing and digitization processes.    

Point 2 
T147R38S31 

Clearwater 
Code: E 

Savanna
/1930s 

Pastures/ 
1930s 

Forest/ 
1930s 

Cropland/ 
1930s 

Other/ 
1930s 

Water/ 
1930s 

Savana/2015 14.01 3.15 3.95 0.63 1.27 0 
Pastures/2015 0 0.01 0 0 0 0 

Forest/2015 9.63 0.88 6.49 0.54 0.24 0 
Cropland/2015 17.45 1.67 4.18 29.74 0.24 0 

Other/2015 2.06 0.39 0.59 1.19 1.63 0 
Water/2015 0.05 0 0 0 0 0 

  

   Table 5  Point 2, Point 2T147R38S31, Clearwater, Land use matrix 

Table 5 shows the land use change of Point 2, which locates in the southern-central part 

of Clearwater County, and it is a forest site in the transitional landscape. 9.63% of land that was 

savanna became the forest in 2015, and 17.45% of the land that was savanna became cropland. 

4.18% of land area covered by forest during the settlement period became cropland. In this 

section, more land becomes cropland and forest in 2015 comparing to the settlement period. 
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Point 9 
T149R38S22 

Clearwater 
Code: G 

Savanna/ 
1930s 

Pastures/
1930s 

Forest/ 
1930s 

Cropland/ 
1930s 

Other/
1930s 

Water/
1930s 

Savana/2015 2.38 0.11 5.45 8.33 0.4 0.05 
Pastures/2015 0 0 1.95 15.34 0.07 0.39 

Forest/2015 4.53 0.15 7.76 3.58 0.2 0 
Cropland/2015 2.53 0 1.32 31.75 0.4 0 

Other/2015 0.84 0.15 1.6 2.28 2.37 0.04 
Water/2015 0.05 0.2 0.13 0 0 5.64 

 

Table 6  Point 9, T149R38S22, Clearwater, Land use matrix  

 Point 9 (Table 6 above) locates in the North-southern part of Clearwater County, also in 

the vegetation-transition region. In this section, we see 5.45% forest covered land in the 1930s 

changed to savanna, and 8.33% land used as cropland in 1930s became savanna in 2015; also 

4.53% savanna covered land became the forest in 2015. The trend in this section is different from 

the previous section’s trend for Point 2. In the previous section, we see most percentages of land 

from other categories becoming cropland. 

Point 13 
T148R38S28 

Clearwater 
Code: I (%) 

Savanna
/1930s 

Pastures/ 
1930s 

Forest/ 
1930s 

Cropland/
1930s 

Other/ 
1930s 

Water/ 
1930s 

Savana/2015 3.62 0.87 10.51 5.66 0.54 0 
Pastures/2015 1.49 3.16 6.38 13.88 0.71 0 

Forest/2015 10.7 1.91 18.58 1.74 0.08 0 
Cropland/2015 0.64 0.04 0.09 9.27 0.27 0 

Other/2015 0.07 0.1 0.11 0.87 0.64 0 
Water/2015 2.63 1.76 3.01 0.68 0 0 

 

Table 7  Point 13, T148R38S28, Clearwater, Land use matrix 

 As we can see in Fig 2, Point 13 locates in between Point 2 and Point 9 in Clearwater 

County in the forest covered area. In the land use change matrix, we can see that 10.51% forested 

land in the 1930s became savanna and 6.38% became pastures in 2015. We also see 5.66% land 

that was used as cropland became savanna and 13.88% became pastures in 2015. Also, 10.7% 

land that was savanna during settlement period became the forest in 2015. In this section, we 
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observed a similar trend to Point 9, in terms of less prominent land use changed to cropland, but 

more land was converted to forest, savanna, and pasture.  

Point 28 
T149R38S6 
Clearwater 

Code: D 

Savanna/
1930s 

Pastures/ 
1930s 

Forest/ 
1930s 

Cropland/
1930s 

Other/ 
1930s 

Water/ 
1930s 

Savana/2015 0.65 0 0.62 1.47 0.37 0.15 
Pastures/2015 0.17 0 0.03 1.45 0.08 0.08 

Forest/2015 2.77 0.31 13.24 1.32 0.15 0.05 
Cropland/2015 2.98 0.78 8.22 56 1.06 0 

Other/2015 0.57 0 0.5 1.3 5.68 0 
Water/2015 0 0 0 0 0 0 

 

Table 8  Point 28, T149R38S6, Clearwater, Land use matrix 

Point 28, the last point we have in Clearwater County, locates in the prairie-forest 

transition zone. In this section, we observed that large percentages of land that was forest 

covered, used as cropland or used for other artificial purposes stayed as forest, cropland or other. 

The only large change we see is the conversion of 8.22% forest covered land to cropland in 

2015. This trend is similar to Point 2, which also locates more in the transitional region, that land 

from other categories predominantly became cropland.  

 

 

 

  

 

 

Table 9  Point 4, T143R41S21, Mahnomen, Land use matrix 

In Point 4, which locates in southern-central Mahnomen County in the prairie-forest 

transitional region, we are able to see that 59.32% land covered by cropland in the 1930s stayed 

covered by cropland in 2015, and the most prominent changes also occurred within land classes 

Point 4 
T143R41S21 

Mahnomen 
Code: B  

Savanna/
1930s 

Pastures/
1930s 

Forest/1
930s 

Cropland
/1930s 

Other/ 
1930s 

Water/
1930s 

Savana/2015 0.13 0.48 2.04 0.37 0.05 0 
Pastures/2015 0.01 0.03 0.02 9.57 0.04 0.72 

Forest/2015 0 0 0 0 0 0 
Cropland/2015 0 0 0.17 59.32 1.41 0.36 

Other/2015 0 0.04 0.06 0.35 1.21 0 
Water/2015 1.33 2.49 1.01 5.23 0.06 13.64 
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of cropland and water. 9.57% of land that has been used as cropland shortly after Euro-American 

settlement became pasture in 2015; 5.23% of land used as cropland became water in 2015; also, 

59.32% land used as cropland in settlement period stayed as cropland and 13.64% land that was 

water stayed as water in 2015. From this example, we understand that the land was largely used 

as cropland in the past and in modern days, but some land that was cropland became water and 

pasture. This could be related to a change in regional climate, but more examples need to be 

examined to draw the conclusion. 

Point 5 
T146R41S29 

Mahnomen 
Code: C 

Savanna/ 
1930s 

Pastures/ 
1930s 

Forest/ 
1930s 

Cropland/
1930s 

Other/ 
1930s 

Water/ 
1930s 

Savana/2015 0.08 1.61 0 0 0 0.06 
Pastures/2015 1.55 38.46 0 1.69 0.21 4.36 

Forest/2015 0 0 0 0 0 0 
Cropland/2015 2.4 31.84 0 5.15 0.37 3.98 

Other/2015 0 2.44 0 0.02 0.86 0.64 
Water/2015 0 0.96 0 0 0 3.32 

 

Table 10  Point 5, T146R41S29, Mahnomen, Land use matrix 

In Point 5 which locates in the North-central Mahnomen County in the prairie dominant 

landscape comparing to Point 4 (See Fig. 2). 38.46% land stays pasture-covered in both time 

periods we examined. But we see much gain in cropland; 31.84% pasture land cover in the 1930s 

has become cropland in 2015. 4.36% water bodies have become pasture and 3.98% water 

became cropland in 2015. This example also indicates large land use change to cropland, but 

more water covered land is been converted to cropland and pasture in this section, which 

contradicts with the pattern we see in Point 4 that cropland became water in 2015. 
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Table 10  Point 11, T148R38S28, Mahnomen, Land use matrix 

Point 11 is right in the Eastern-central Mahnomen County in the vegetation transitional 

region. From the matrix, forest is the dominant vegetation type in this section, with 33.42% land 

covered by forest in the 1930s stayed forest-covered in 2015. Other than forest, the more 

prominent vegetation cover is cropland. We see more land changes into cropland from other land 

cover types. 6.48% land covered by savanna and 6.11% pastures converted to cropland in 2015. 

4.82% land that was savanna converted to forest in 2015. At the same time, 9.49% forest-

covered land in the 1930s converted to savanna in 2015 and 7.36% converted to pastures. This 

section is consistent with the previous sites in Mahnomen in terms of the increasing percentage 

of cropland in 2015 and decreasing of forest-covered land to savanna and pastures. We also see 

some slight increase in water areas, which could relate to humidity change in recent years. 

Point18 
T145R40S28 

Mahnomen 
Code: K 

Savanna/
1930s 

Pastures/ 
1930s 

Forest/ 
1930s 

Cropland/
1930s 

Other/ 
1930s 

Water/
1930s 

Savana/2015 1.66 1.11 0.05 1.06 0.13 0 
Pastures/2015 0.13 3.78 0 0.52 0.39 0.14 

Forest/2015 3.95 0.1 5.93 0.56 0 0 
Cropland/2015 4.14 9.58 5.07 52.75 1.32 0.12 

Other/2015 0.03 0.37 0 0.55 1.03 0 
Water/2015 0 3.08 1.02 0.01 0 1.46 

 

Table 11  Point 18, T145R40S28, Mahnomen, Land use matrix 

Point 18 is our last section in Mahnomen County, and it locates in central Mahnomen in 

the vegetation transition. In this section, we see a similar pattern as Point 4 in the South, with 

Point11 
T148R38S28 

Mahnomen 
Code: H 

Savanna/
1930s 

Pastures/
1930s 

Forest/ 
1930s 

Cropland
/1930s 

Other/ 
1930s 

Water/
1930s 

Savana/2015 3.96 0.55 9.49 0.2 0.8 0 
Pastures/2015 1.97 4.23 7.36 1.17 0.17 0 

Forest/2015 4.82 2.07 33.42 0.66 0 0 
Cropland/2015 6.48 6.11 3.25 9.45 0.1 0 

Other/2015 0.48 0.49 0.6 0.27 0.39 0 
Water/2015 0.49 0.94 0.02 0 0.04 0 
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more than half (52.75%) of the section stayed as cropland. In this section, we see a little forest. 

The most land changed to cropland. 4.14% savanna cover land changed to cropland in 2015; 

9.58% land that was pasture in the 1930s changed to cropland, and 5.07% land that was forest 

converted to cropland in cropland. Also, comparing to the previous section, we see a slightly 

more increase in water area as well.  

Point 17 
T149R40S16 

Polk 
Code: J 

Savanna/
1930s 

Pastures/
1930s 

Forest/ 
1930s 

Cropland
/1930s 

Other/
1930s 

Water/
1930s 

Savana/2015 1.93 0.32 0.12 1.19 0.12 0 
Pastures/2015 0.18 0.19 0.33 0.42 0.18 0.15 

Forest/2015 4.35 1.15 16.2 0.81 0.46 0 
Cropland/2015 4.03 9.24 6.9 48.4 0.5 0.01 

Other/2015 0.28 0.07 0.39 0.13 1.71 0 
Water/2015 0.1 0 0 0 0 0.15 

 

Table 12  Point 17, T149R40S16, Mahnomen, Land use matrix 

Point 17 is one of two sections we have in Polk County. Polk County is a large county 

with only the Southeastern part in the forest-prairie transition region that we are interested in. 

Point 17 locates in the central-eastern Polk County in the transitional vegetation region. We see 

from the result that 48.4% of the land is used as cropland in the past as in today. In addition, 

more land from savanna, pasture, and forest in the past are used as cropland in 2015. Besides 

cropland, there are changes to the forest as well, 16.2% land area is forest in both time, and 

4.35% increase in forested area is converted from savanna.  
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Point 20 
T147R41S17 

Polk 
Code: F 

Savanna/
1930s 

Pastures/
1930s 

Forest/
1930s 

Croplan
d/1930s 

Other/
1930s 

Water/
1930s 

Savana/2015 0.34 0.00 0.00 5.60 0.64 0.03 
Pastures/2015 0.06 0.00 0.00 4.56 0.14 0.14 
Forest/2015 0.35 0.00 2.10 1.40 0.65 0.01 

Cropland/2015 0.70 0.00 0.02 77.90 1.07 0.09 
Other/2015 0.06 0.00 0.03 0.64 3.48 0.01 
Water/2015 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table 13  Point 20, T147R41S17, Mahnomen, Land use matrix 

Point 20 locates in the South-central part of Polk County in the prairie vegetation. One 

prominent land cover group is cropland in this section, and 77.9% land is used as cropland both 

in the past and present. But we also can see that some land that was cropland in the 1930s have 

become other land covers such as savanna and pastures, with 5.60% changed into savanna and 

4.56% changed into pastures. From constructing the land use change matrix, we noticed that 

generally the largest land cover classes tend to be more stable than the smaller classes, which 

indicates that over the past eight decades no drastic changes have occurred to entirely overturn 

the land cover, and that people also did not make decision to entirely change the function of the 

land. In the majority of our sampled sections, cropland and forest tend to be the dominant land 

cover classes, and that they tend not to be the dominant land cover class concurrently in one 

section. Besides general trends, we noticed in Clearwater County, there have been more land 

changed into pasture, savanna in 2015 from forest and cropland areas in 1930s comparing to 

other two counties. For Clearwater County, a county mostly locates in the forest region, this 

trend we observed could indicate an early signal of gradual shift from forest to prairie.  

 In Mahnomen County, we have observed in sections with more percentage of water 

present, cropland tends to be the dominant land cover class. Generally, in this county, more land 

cover is being used as cropland in modern time; less than cropland is the forest. Mahnomen 
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County is in the prairie-forest transitional region, but from the set of sections we analyzed, 

cropland still dominants the majority of the land area both during the settlement and in present 

time.  

Comparing to Mahnomen County and Clearwater County, Polk County is mostly in the 

prairie-dominant region. As expected, many lands were cropland during the settlement and in 

present time. We also observed some less prominent change from savanna to forest and from 

cropland to savanna, but these changes only occurred in smaller areas of the land. 

2. Land Use Change and Soils 

Sample Points Cropland on identifiable 
soils(%) 

Forest on identifiable 
soils(%) 

Alfisols Molisols Alfisols Mollisols 
Point 2 (Clearwater) 100 0 100 0 
Point 9 (Clearwater) 52.16 47.84 35.00 65.00 
Point 13(Clearwater) 100 0 100 0 
Point 28 (Clearwater) 0 100 0 100 
Point 4 (Mahnomen) 0 100 0 0 
Point5(Mahnomen) 100 0 0 0 

Point 11(Mahnomen) 100 0 100 0 
Point 18 (Mahnomen) 89.86 10.14 36.95 63.05 

Point 17 (Polk) 0 100 0 100 
Point 20 (Polk) 0 100 0 100 

 

Table 14  Compiled for all ten sections in the study area to describe the percentage of each land use 
and soil pair over the total area of cropland or forest 

 
 From the table above, we can see that, in the vegetation transition region of Northern 

Minnesota, there is a distinct mismatch between soils and land cover/land use. In Mahnomen and 

Clearwater County we see that higher percentages of cropland are above Alfisols, which 

develops under Forest vegetation. In Polk County, however, because the soils in Polk County is 

almost entirely Mollisols, so in two sections we examined, the cropland is on Mollisols. In 

Clearwater County, the land cover here has been predominantly forest historically, and soils are 

thus predominantly Alfisols, but when cases like Point 9 and Point 28 where Mollisols are 

present in Clearwater County, that area has been used as cropland. Nevertheless, we still can 
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observe a light higher percentage of cropland occur on Alfisols in the forest-prairie transition 

region, that indicates that Euro-American settlement may have favored Alfisols when cultivating 

land for farming.  

With the analysis of forest and Alfisols, excluding two sections in Mahnomen County 

that do not have forest, we see that, in five out of the rest eight sections, higher percentage of 

forest on Mollisols. Even in Clearwater County, historically forest and Alfisols dominant, we see 

forest on Mollisols when Mollisols are present in the particular section. In Polk County where 

Mollisols are the dominant soil order, 100% of the forest land is on Mollisols. This significant 

mismatch indicates that soil’s delayed response to forest expansion into some of the prairie 

landscape.  

3. Land Use Change and Agriculture  

  
Table 15  Cattle Inventory of Mahnomen County, Clearwater County and Polk County from 1935 to 2015 

 

From the above results of land use change, we have seen that in all three counties, the 

majority of sections demonstrated a pattern of pasture being converted to other land use types. 

Most commonly, pasture land has been used as cropland. This result corresponds to the cattle 

inventory from the 1930s to present. In all three counties, we see that beef cattle inventory 

steadily increased prior to 1965, and decreased since then. For milk cattle inventory, the trend is 

Cattle (Inventory) 
Year Mahnomen County Clearwater County  Polk County 

Cattle, cows, 
beef 

Cattle, cows, 
milk 

Cattle, cows, 
beef 

Cattle, cows, 
milk 

Cattle, cows, 
beef 

Cattle, cows, 
milk 

1935 — 7500 — 9500 — 35000 
1945 — 8300 — 11500 — 33500 
1955 2100 7200 1200 10400 5600 22200 
1965 4500 6500 5000 7800 11200 14900 
1975 6400 3400 11700 2800 18300 6300 
1985 4400 3000 8700 3900 9700 6800 
1995 3000 2300 7800 2400 8700 4500 
2005 3100 1500 9600 1000 7600 2300 
2012 2200 800 — — — — 
2015 —        — 8100 1000 5400 1100 
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similar, the decreasing happened after 1975. The matching trend in both sets of data has 

indicated that land cover land use in this region is largely influenced by human activities. 

Crops (Acres Harvested) 
Year Mahnomen County Clearwater County  Polk County 

 soybeans cron wheat soybeans crons  wheat  
1935 — 6300 11100 — 2300 6600 
1946 100 11900 7030 — 2500 5050 
1955 2000 12600 8410 100 4100 2600 
1965 2000 3600 13500 100 200 3900 
1975 700 3100 3400 100 900 8000 
1985 11100 2500 34400 400 1100 24000 
1995 12600 5100 43500 — 2900 5400 
2005 47800 16000 33700 6700 500 5500 
2013 67200 53200 — 18400 3800 — 
2015 63600 36200 — — — — 

 

Table 16  Major crop (Acres Harvested) of Mahnomen County, Clearwater County and Polk County from 

1935 to 2015 

In the land use analysis we performed with aerial images, we have concluded that in most 

sections, cropland is more prominent in the present day landscape; a large percentage of other 

land use types have become cropland in the modern-day. Due to the complexity of Red River 

valley agriculture, we did not include Polk County’s crop production in this discussion. From the 

statistics of three major crops, including soybean, corn, and wheat, in Mahnomen County and 

Clearwater County, we observed that the low-priced crop, corn, has decreased largely in acre 

harvested, which could related to the decreasing in quantity planted. Wheat’s harvested acres 

have shown slight decreasing in the late 20th century to early 21st century. Soybean production 

showed a large increase in the 21st century. In addition to the trend in recent years, production of 

all three types of crops have increased drastically since the 1935s, which corresponds to the trend 

we perceived in the land use analysis. 
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Spring vs. Winter Wheat (Acres Harvested) 
Year Mahnomen County Clearwater County  Polk County 

 Spring Wheat  
(excl. Durum) 

Winter Wheat Spring Wheat 
(excl. Durum) 

Winter Wheat  

1935 9500 100 6000 500 
1945 5800 80 3700 100 
1955 7800 1000 1800 520 
1965 13100 — 3600 — 
1975 31900 1200 6300 2200 
1985 23400 10800 14900 9100 
1995 42700 1100 3800 1600 
2005 33700 — 5500 — 
2015 29900 — 7600 — 

 
Table 17  Spring wheat vs. winter wheat (Acres Harvested) of Mahnomen County, Clearwater County and 

Polk County from 1935 to 2015 

We further compared the production of spring wheat and winter wheat in Mahnomen and 

Clearwater County. Spring wheat production and harvest still dominate wheat production in 

these two counties. However, the gradual increase of winter wheat and peak harvest in 1985 have 

indicated the potential of winter wheat production in the climate condition of this region. This 

trend is likely to be associated with the changing of regional climate. Further monitoring of 

winter wheat production is necessary for this region because it is an important indicator of how 

the local natural condition is, in turn, influencing the human activities. 

VI. Discussion 

 When working with the historical aerial photos, the biggest challenge encountered relates 

to its coarse spatial resolution and that they are black-and-white films. Errors were inevitably 

introduced when we georeference them against the modern day aerial photos by selecting control 

points at road intersections or other more stable features on the ground which is a common 

approach for control points. However, roads were generally wider and straighter in modern days 

than in than the 1930s, therefore putting the control points at the road intersections when 

working with historical photos could be biased. Similarly, in digitization of land cover, textures 
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of forest or pastures are harder to distinguish. Some darker patches on the images that we 

identified as water could be stains due to the improper preservation of the films. Although these 

biases exist, they are minor and usually offset each other in the final results; our georeferencing 

and digitization procedures and decision makings stayed consist of the 10 points which also 

minimizes the bias.  

Another question regarding the aerial photos that needs to be addressed is that these 

photos are taken from the 1930s; they are the earliest imagery captured of this area that provides 

realistic and objective description of the landscape. Even though they are not images taken 

during the settlement period, it is appropriate to use them because the settlement is a long 

process. Landowners in this region usually do not abandon the land they have already settled on. 

Even if the land was abandoned, there is evidence such as fences, buildings, or plowed land left 

could be identified on the 1930’s images. 

VI. Conclusion and Future Implication 

 In this study, we have identified the types of vegetation and soils that were influenced 

and changed by Euro-American settlement in Northern Minnesota over the past two centuries. 

We also examined how each land use type has changed and how much has changed. Through 

this research, the understanding of the human settlement and their land use preference in relation 

to soil orders has been deepened, thus, helps to predict the disturbance to and change of soils in 

this region. It also sheds light on the dynamics of vegetation and soils in this unique transition 

boundary by revealing the mismatch between vegetation and soils and predicts the direction of 

future vegetation expansion. Agriculture statistics are included to explain the land use change we 

observed, as well as predicting if the agriculture continues to expand due to the longer growing 

season and new agriculture technology, how much land that is now prairie or forest would be 
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converted to farmland. Moreover, now much of the land in Northern Minnesota is privately 

owned, with some owned by government or tribes; if these land were used for agriculture or 

other human-settlement related land use, soils will surely respond to this change. However, 

which soil properties would be altered the most, how are these land use change influencing 

different soils? How soil’s carbon storage capacity is changed in response to land use change in 

this regions? These topics need further investigation to extend the discussion on soils’ role in the 

entire interaction among human settlement and vegetation further. 
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