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1 ABSTRACT 

Purpose: This paper outlines the pedagogical methodology and outcomes of Forensic Hydrology, 
a landscape architecture seminar currently in its second iteration that explores new approaches to 
studying hidden hydrologic systems.  
 
Study Area: The Great Black Swamp, a 17,600-acre swamped forest located in northwest Ohio 
and eastern Indiana was cleared of vegetation and drained, replaced with tile drained agricultural 
fields. The invention of the Buckeye Traction Ditcher improved the speed of tile drain installation. 
Soon tile drains covered the footprint of the swamp, significantly altering the existing swamp land. 
This has affected the water quality and ecology of the region and Lake Erie. Tile drains carry 
nitrogen and phosphorus from fields to ditches that feed into the Maumee River, causing algal 
blooms in Lake Erie. Remnants of the swamp are evident in conservation lands, subtle topographic 
shifts, and seasonal flooding.  
 
Methods: The seminar investigates the swamp via four focus areas: society, ecology, infrastructure, 
and economy. Student teams collect research weekly to share with the group and fuel discussion 
on new discoveries and synergies between the focus areas. The students use historic documents 
coupled with GIS data and site visits. The shared resources and research are leveraged for 
individual projects centered on narrative ‘forensic’ visualizations of the swamp and its history.  
 
Students study visualizations like the Sanitary and Topographical Map of the City and Island of 
New York by Egbert Viele. The Fisk map of The Alluvial Valley of the Lower Mississippi, as well as, 
the report produced for the U.S. Army Corps of Engineers called the Geologic Investigation of the 
Alluvial Valley of the Lower Mississippi River. Anatomical drawings, x-rays, crime scene diagrams, 
and contemporary landscape architecture drawings provide additional framework for the forensic 
hydrologic visualizations. 
 
Importance: Between 1780s to mid-1900’s the state of Ohio lost more than 95% of its wetlands. 
Public perception of swamp and wetlands has changed, but the Great Black Swamp has retained 
a negative narrative. The Great Lakes hold 21% of the world's freshwater supply. With global water 
demand projected to increase by 55% between 2000-2050, how we manage our water, especially 
agricultural land will become critical.  
 
New forensic hydrology visualizations of past swamp and wetland ecologies that helped manage 
flooding and clean water can help the public understand complex hidden hydrologic conditions. 
They can serve as a call to action or can inspire new hybridized landscape typologies. 
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2 FORENSIC HYDROLOGY 
 

Forensic hydrology is the study of the movement of water to determine the cause of a given incident 
or the potential outcome of a future event. It is a potential tool for landscape architects to address the 
complexities of designing with water. As landscape architects, we are skilled at redirecting, pooling, and 
draining water. Water may be a driving force in a design, dictating program, revealing opportunities and 
constraints. With cities densifying, agriculture and industrial practices changing, and a more erratic climate, 
our relationship with water is both critical and challenging. Water remains a finite resource and as designers 
engage with a growing number of projects centered on hydrology, we must ask ourselves, what do we really 
know about water? Perhaps more importantly, what do we really know about the system we have created, 
neither natural - as we often depict it - or controlled as we imagine it to be? Without the forensic knowledge 
of our hydrologic history, how can we suggest the best strategies for design? 

 

 
Figure 1. Great Black Swamp (2022). Drawing by Daniel Ibba. 

Forensic is a term not often associated with design. Commonly aligned with the sciences, it has in 
recent years expanded to other disciplines. In the late 1970s, geoscience sub disciplines such as forensic 
geology, forensic geochemistry, and environmental forensics emerged (Hurst, 2007). Within the latter the 
specialization of forensic hydrology developed. These disciplines often ‘identify potential sources of 
contamination’ by testing for the presence various trace chemicals in legal matters (Hurst, 2007). Although 
these practices are valuable, they have a limited scope and often concentrate on a discrete site and issue. 
Additionally, the outputs are conveyed in formats that are legible to a small audience within the geosciences 
and are not easily understood beyond this field. More recently, forensic hydrology expanded to engineering, 
evolving from the broader practice forensic engineering.  

With the expansion of the term forensic into new disciplines, perhaps we can examine its potential 
application to landscape architecture. To apply forensic hydrology to landscape architecture a core 
understanding of the natural hydrologic system, how it functioned, and the reasons for its alteration are 
paramount. Additionally, examining the cultural shifts in engineering water at various scales and the rapid 
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pace at which we developed a new hydrologic language. Visual tools can be developed to clearly 
communicate these histories and current challenges facing water. 

 
3 SEMINAR STRUCTURE 
 

Students studied the ecological, economic, cultural, and infrastructure influences on the Great 
Black Swamp, in northwest Ohio and eastern Indiana. They visited the former swamp, met with Black 
Swamp Conservancy, and assembled their research and field findings into a seminar book. This helped the 
students develop a clear narrative of the swamp and compile unified base maps based on historic mapping 
and GIS. The maps became a resource for many students’ final projects. With the baseline information 
aggregated, the students were well versed in the variety and complexity of narratives found within the 
landscape of the Great Black Swamp. With this foundation, students were tasked with identifying a narrative 
for the swamp. With a storied past, present, and future not all information could be included. Students 
selected a lens for their narrative. To facilitate the exploration of narrative development and visualizations, 
we looked at imagery where hidden systems were revealed. This included work by landscape architects 
and allied professionals, but also looked to historic medical drawings. Students expanded this examination 
when they developed proposals for their final projects. They presented their proposed final projects via a 
pecha kucha pitch where they outline the project, share precedent images, discuss materiality, and scale. 
Class discussions on project proposals further the design development of the work. Students then 
proceeded to execute their animations, models, and drawings. 

The seminar employed the flipped classroom approach. This is defined by students encountering 
information outside of the classroom rather than experience a traditional lecture (Bok Center). Although, 
the course includes a lecture, the primary structure of the class student led discussions and knowledge 
sharing. The course is also flexible, with two phases, data collection and individual (or small group) projects.  

The seminar is for advanced students who have had two prior courses dedicated to representation 
and completed a series of studio courses. As such, the topic of landscape representation has been 
previously introduced and is not the sole focus of the seminar. Unlike in studio courses, this seminar 
dedicates roughly half a semester to studying the site.  

 
3.1  Data Collection 

Students work on the data collection in four groups. Each group studies one focus area: ecology, 
economy, culture, or infrastructure. The focus areas have been adapted from the first iteration of the 
seminar. They could be adapted in further seminars to reflect the attributes of the study area. During the 
first iteration of the seminar, taught remotely in autumn 2020, Forensic Hydrology: Iuka Run, the focus 
areas were history, digital current conditions, and physical site documentation. The changes to the focus 
areas were driven by two factors. One being study area size, Iuka Run is significantly smaller. Iuka Run is 
a former stream that ran through a few neighborhoods and Ohio State University’s campus in Columbus, 
Ohio. Its small footprint provided opportunities for detailed site documentation including tree species 
identification, mapping of manhole covers and storm drains, and soil collection. This was not viable for the 
Great Black Swamp study area. The second change was a response to observed behavior in studio and 
seminar courses. This behavior included students who enjoyed historical research repeatedly working on 
that area of site analysis and not on current conditions (such as GIS or basemap collecting). Students who 
were less interested in participating in historical research focused on current conditions. Additionally, this 
made it more difficult for students to make connections between current and historic conditions. The new 
focus areas require that every group include history and use archives and other online resources and every 
group understand current conditions. This shift has also been made in studio courses. 

The students find drawings, writing, photographs, public records, videos, among others for their 
focus area. Weekly each team reports their findings and share their evidence, similar to detectives meeting 
to discuss a case. Students present the findings and the class discusses the strengths and weakness of 
the evidence. For example, what information is missing, what may make a map clearer, is a technique being 
used particularly compelling? This also allows students to share resources they may have discovered and 
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brainstorm solutions for missing information as a group. During the first iteration of the course students 
used Miro to make a digital mind map of the study area. This iteration did not use Miro, instead opting for a 
class folder system on a shared drive. This limited the ability of students to examine all the evidence at the 
same time. It did not impact the quality of the work but impacted the speed in which students were able to 
make connections. To conclude the data collection portion of the course students worked as a class to 
compile a seminar book. This acted as a baseline resource for the students during the remaining semester. 

 
3.2  Proposed Projects 

Once students have concluded the data collection, they are asked to pitch a final project. Students 
were informed earlier in the semester to think about what a final project may look like as they learned more 
about the study area. Students were able to work in small groups or individually. This was an option students 
were afforded for a few reasons. Students work differently, some thrive working independently and others 
with collaborators. Some students wanted to pursue more complex projects and learn new programs 
together. The twelve student seminars included four group projects and three independent projects.  

A lecture prompts students to look beyond landscape architecture representation and discover 
methods used by other disciplines to convey hidden elements or to tell a story of place. Work included, but 
was not limited to visualizations by Scape, Dlandstudio, Harold Fisk, Egbert Viele, Kate Asher, the Center 
for Urban Pedagogy, Ian McHarg, Anuradha Mathur, Charles Bell, and Galen. They are asked how these 
may be adapted to fit the study area and their chosen narrative of place. Students are asked to limit their 
narrative, as it would not be possible during the course of a semester to visualize all they have learned 
about the site via the data collection phase. Some examples include limiting the narrative to infrastructure, 
ecology, or a specific issue (such as algal blooms) in the study area.  

Students are asked to deliver an abbreviated petcha kutcha including precedent images, timeline 
for completion, and sketches or other references for their project. This may include a list of computer 
programs, tool, and/or materials they may be using to execute their vision. By allowing the students to select 
their project, students can focus on building a new skill or one they can select to work with a technique they 
enjoy. Many of them have taken this as an opportunity to learn animation or experiment with programs or 
techniques they have briefly used in other courses. During the first iteration of the course, taught remotely, 
many students opted for using hand building and drawing rather than digital techniques. The students 
expressed that they chose working by hand due to the long periods of time they were on the computer 
working remotely and as stress relief. This year the course was taught in person, the students are still given 
the flexibility to choose how they would like to work. The presentations conclude with a lively discussion 
from the group about the proposed projects. At this time we also reflect on the ambition of the project within 
the proposed timeline. 

The students receive feedback and begin working on their project.  Additionally, we discuss 
experimentation. That there is not one correct way or one answer, that they are trying something new. The 
process and their ability to adapt to any roadblocks is what will make their project a success. The final result 
may not be what they had originally intended and that is ok. There often aren’t many opportunities in 
education, or practice, to experiment and innovate with it being ok if it doesn’t work. A seminar can be an 
ideal place for this type of design thinking. 

Students continue to work on their project with weekly progress meetings during class. Seminar 
courses meet for three hours once a week. This allows them to have dedicated time outside of studio and 
other obligations to focus on their project. We conclude the semester with each student or group sharing 
their work and having a discussion about the different approaches.  
 
4 THE GREAT BLACK SWAMP 

 
A brief history of the swamp will provide additional context for the students work. A dense swamp 

forest extended across a million acres in northwest Ohio and eastern Indiana (Levy, 2017). The area was 
once covered with 2 miles of glacial ice from the Wisconsin Glacier (Chang 2020). When the glacier 
receded, remnant geology allowed the swamp to form straddling the Maumee River. A basin of clay soil 
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topped with fertile black loam allowed dense beech-swamp, ash, linden, elm, hickory, cottonwood, and 
maple trees to emerge (Kaatz, 1955). The western portion of the swamp was filled with 3-8 ft tall grasses 
(Kaatz, 1955). The absence of trees resulted from limestone deposits in areas a foot beneath the surface 
(Lopez, 1982). Sandbars found in the swamp provided for oak openings within the swamp landscape 
(Lopez, 1982). The swamp landscape was complex, home to plant and animal species and void of human 
intervention. 

Indigenous people set up villages on high land at the edge of the swamp and would occasionally 
use the swamp to hunt (Lopez, 1982/ Mollenkopf, 2000). Once colonizers reached the swamps edges it 
proved an obstacle for westward expansion. The surface of the swamp was covered with water throughout 
the year. The swamp was teaming with mosquitos, water moccasins, and wolves (Lopez, 1982). The 
swamp was not held in high regard, remarks such as “My great terrour, the Black Swamp, is passed” were 
frequent and well documented (Mollenkopf, 1999). The swamp remained undisturbed as land around the 
swamp was fought over and westward expansion continued. 
 
4 THE SWAMP FIGHTS BACK 
 

Eventually, the obstruction of the swamp by colonizers moving north to Michigan demanded action. 
Tired of circling around the swamp, construction began on a road. However, the Treaty of Granville sparked 
a series of subsequent treaties that dispossessed indigenous people living near the swamp of much of their 
land and had given them the swamp in return (Kaatz, 1955). In order to construct the road, they needed to 
acquire the land back (Lopez, 1982). In 1808, road construction began of a 120 foot-wide passage (Lopez, 
1982). Trees were felled along the roads route and used to make the roadbed, tree stumps were stacked 
along the roads edge (Lopez, 1982). Logs were placed in the center of the road and burned (Lopez, 1982). 
Mud from the center of the road was scooped out and shallow ditches were formed on each side (Lopez, 
1982). Less than a year after the roads completion it was deemed unpassable and known to be the worst 
road on the continent (Lopez, 1982). Movement on the road was slow, sometimes less than a mile a day, 
resulting in the construction of 35 inns to facilitate the 34 mile journey (Lopez, 1982). Today the road is 
marked by U.S. 20. This was the first, but not the last attempt to generate a path through the swamp. 

A second attempt at road construction looked to the western grassy portion of the swamp (Lopez, 
1982). Hulls Trace, constructed as during the War of 1812, took a new approach. The road was first made 
using logs to form the roadbed, called a corduroy road (Adamich, 2021). However, the logs would sink into 
the swamp, be replaced and sink again. A new approach was developed to make a planked boardwalk 
road (Lopez, 1982). The ride was smooth, but the road was narrow, and two carriages could not pass each 
other (Lopez, 1982). One carriage would have to move into the mud to let the other pass (Lopez, 1982). 
The planks could easily displace with seasonal flooding or with fast moving carriages, the road was also 
subject to rotting (Lopez, 1982). The road crossing the swamp was only a portion of a larger road, that 
marked the first federal highway constructed. Evidence of the road is visible today at Monroe’s River Raisin 
National Battlefield where logs are still visible (Adamich, 2021). 

Rail was next to attempt to conquer the swamp. A route from Sandusky City to Maumee Bay was 
constructed with piles being driven as deep as possible (Lopez, 1982). Then track was laid on top of the 
piles. The piles swank into the swamp and the rail line was another victim of the swamp. Finally, the 
Wabash-Erie and Miami-Erie canals were built. The canal was only 4 feet deep, resulting in long periods of 
winter freeze where the canal would not be usable (Lopez, 1982). Additionally, the sides of the canal were 
earthen and subject to damage. This limited the speed of boats as they navigated the canal (Lopez, 1982). 
If damaged, the potion of the canal would necessitate being drained for repair. The earthen wall also made 
the canals structure subject to flooding and could wash away (Lopez, 1982). Twelve years after construction 
it was deemed uneconomical to operate. Determining a way through the swamp was not the only struggle 
colonizers faced and lost to the mighty swamp. 
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5 DE-SWAMP 
 
The transformation from forested swamp to fields of corn and soybeans was arduous and built on 

the successes and struggles of road construction, colonial settlement within the swamp, and displacement 
of indigenous peoples. Farmers attempt to convert the land were initially realized by digging small furrows 
between narrow bands of crops (Kaatz, 1955). Water could be collected in the furrows and carried to a 
ditch. However, this piecemeal system was not sufficient with individual land owners developing their own 
drainage strategies (Kaatz, 1955). Additionally, landowners did not want to yield portions of their land for 
the collective good of moving water out of the area (Kaatz, 1955). This changed with the passage of a law 
in 1859 to implement a system of public ditches (Levy, 2017). However, the taxes for the ditch construction 
could equate to the original cost of land. It also was becoming apparent that ditches alone could not 
compete with the swamp and an underdrainage system would be required (Kaatz, 1955).  

Tile drain factories were not found in the area and were too expensive for most farmers (Kaatz, 
1955). Farmers experimented with techniques including laying stones or saplings in a below grade trench 
and constructing V shaped drains with wooden boards (Kaatz, 1955). These continued to not meet the 
needs of the farmers. The discovery of clay below the swamp led to the construction of local tile factories 
(Kaatz, 1955). The industry grew fast, in 1870 there were 5 factories, just 10 years later there were more 
than fifty( Kaatz, 1955, Levy, 2017). 

With an inflow of industry and swamp land now viable for agriculture, the trees of the swamp were 
felled (Levy, 2017). Used to construct houses, furniture, and Ohio’s ever-expanding rail network (Levy, 
2017). By 1920, evidence of the swap had been erased and replaced with agriculture, rail lines, and a larger 
population (Levy, 2017). 

 
6 ARCHITECTURE BOOM, ALGAE BLOOM 

 
The invention of the buckeye steam traction ditcher would provide a quicker and less labor-

intensive method to install tile drains. Without tile drainage network to keep the swamp at bay, agriculture 
had not been viable (Chang 2020). The network, similar to city storm drains, carries water out of the field, 
into a ditch, and finally to a river or stream within the Maumee River Basin into Lake Erie. This alters the 
speed of water entering the lake (Chang 2020). The water also carries nutrients like nitrogen and 
phosphorous and sediment. The concentration of nutrients and sediment in Lake Erie have resulted in algal 
blooms in the lake. Algal blooms have led to bans of swimming and other water-based recreation, impacted 
residential water supply, and harm aquatic ecosystem with repercussions on commercial fishing (Wines, 
2014).  

Evidence of the swamp exists in springtime after rain events when puddles form revealing land that 
hasn’t been tile drained. Masses of trees provide a relic of the density and character of the swamp. Efforts 
of the Black Swamp Conservancy (BSC) appear on 160 properties covering 21,010 acres marking efforts 
to bring back the swamp (Black Swamp Conservancy). Their projects remove tile drains and plant new 
swamp ecologies, but they also believe agriculture and nature can co-exist (Chang 2020). The erasure of 
the swamp took time, those driving through the area see a dramatically different landscape that one that 
existed one hundred years ago.   
  
7 SEEING THE SWAMP 
 

Once the students completed their data collection, they proposed visualization projects. A physical 
model including the Great Black Swamp study area and Lake Erie highlights the relationship between the 
tile drains that carry nitrogen and phosphorus from agriculture fields to the lake (Figure 2). Unregulated 
farms are shown in red and population density is shown in grayscale. Algal blooms from 2003, 2011, 2015, 
and 2020 are etched into acrylic by a laser cutter. Colored pencil was then used to deposit pigment into the 
laser cut depressions to show the blooms coverage within the lake. The base of the model includes a 
printed map generated in GIS and illustrator topped with a sheet of acrylic. The algal bloom layers can be 
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removed and viewed individually, or different years can be overlapped to reveal bloom hot spots. The 
hotspots are concentrated at the mouth of the Maumee River, as well as, in shallower water typically found 
on the coast and western Lake Erie. Surface water temperature for each year is also included in the maps 
key. Sculptural and work with layered acrylic by David Batchelor, Orna Feinstein, and Janell James served 
as inspiration for the model. 

 
Figure 2. Model of Algal Blooms (2021). Model by Grace Vannatta. 

Figure 3. Great Black Swamp Timeline (2021) Drawing by Zachary Osterday. [Text Wrapping Break] 
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Figure 4. Great Black Swamp Projection (2021) Projection Animation and Drawing by 
Daniel Ibba. 

 

 
 

Figure 5. Great Black Swamp Animation (2021) Animation and Illustration by Emily 
Loomis, Brad Reuschling, and Ryan Vorndran. 

 
Video game City 2048 inspired the development of a timeline comprised of axonometric tiles 

(Figure 3). The game features square tiles that can be moved to build a city. Tiles with different densities 
of urbanity are combined to build your city. To apply this concept to the swamp tiles, depict a transformative 
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action to the swamp and reflect both surface and subsurface conditions. Tiles were arranged as a timeline 
and paired with text and dates further to explain the landscape transformation. Rhino and Illustrator were 
used to generate the tiles. This strategy allows each tile to provide a high level of detail without the spatial 
limitations of mapping or drawing to scale would provide. 

Two animated projects employed different strategies to narrate the swamp. The first project focused 
on hydrologic adaptation in Woods County (Figure 4). The student looked at computational drawing by Carl 
Lostritto. They also looked at the work of Anuradha Mathur, Harold Fisk, Kate MacLean, Galilei Galileo, 
Lawrence Halprin, Gustave Narrier, Cara Walsh, Danika Cooper, Jeff Wall, Alexander Daxböck, C.R. Van 
Hise, and W.S. Bayley. The animation begins with the watersheds in the county based on topography, 
creeks, streams, and rivers gradually are rendered on to the surface. Next red lines are added, beginning 
in the southern area of the drawing, these show natural water flow and accumulation for each waterway. 
Dark gray is used next to highlight the locations of artificial tile drainage. The gray continues to darken until 
it is black to conclude the animation. The animation is on a 20 second loop and is projected next to a printed 
map showing all the layers together. Originally, the map was indented to be made via a hybrid of digital 
printing and drawing with the zund. Zund is a machine with an arm that can cut or draw digital files onto 
different surfaces. However, once the data was generated in GIS, it was clear that the use of the zund 
would be prohibitively time intensive and was not used in the final product. 

The second project developed a sectional timeline through the lens of ecology. The animation pans 
over a static continuous section, which feature audio of birds, chopping down of trees, and construction 
activities among others (Figure 5). The animation begins with the Wisconsin Glacier receding and the 
formation of the swamp. The animation transitions into emerging ecologies within the swamp such as 
beech, hickory, and oak species, later elm and ash appear. Human interaction of the swamp begins with 
indigenous people and later colonial settlement and the decline of local timber wolf population. Following 
Ohio receiving statehood the animation focuses on the construction of Maumee Road Lands, still evident 
today as route 20. The construction of the road and subsequent inns along the road lead to reduced canopy 
density and wildlife habitat along the corridor. The further development of roads and canals continued to 
alter the swamp. The evolution of tile drain infrastructure and discovery of natural gas further diminishes 
the swamp ecology. Tile drains and ditches allow for intense agricultural production to develop. CAFOs 
(concentrated animal feeding operations) also emerge in the swamp during the animation. Today’s 
landscape is reflected by an expanse of corn and soybeans that has replaced a dense forested swamp. 
The timeline proposes a new future, an amended landscape where pairings of agriculture and wetland 
ecologies work in concert with each other. Later saplings are introduced, and a transmigrated swamp 
emerges with a rich ecological landscape. Students looked at time-lapse videos of plants growing, sectional 
drawings of forests over time, and a sectional animation by Scape’s Costal Adaption Plan for Louisiana. 
 
8 CONCLUSION  
 

The second iteration of this seminar maintained the use of a wide range of techniques and included 
stronger narratives. In part, this attributed to the second iteration of the course and the challenges of working 
remotely verses in person. In addition, the scale and complexity of the landscape increased from the Iuka 
Run site studied last year. However, working remotely with Miro provided a pin-up space that more closely 
represented a mind map of a detective. This allowed students to see connections between different 
research areas could more easily be established. The same effect would not be possible without a 
dedicated work space and a healthy printing budget.   

The scale and complexity of the site facilitated an abundant discovery phase with great deal of 
information available for students. The scale of the site did not lend itself to the same level of intimacy as 
the previous year, where site visits were frequent, and the mapping of individual trees and storm drains 
could occur. Instead students were able to visit prototypical conditions within the study area, buy visiting 
the whole study area would not be practical or plausible within a semester. The scale also became 
challenging for some students who couldn’t include the desired level of detail at a swamp scale map 
illustration.  However, this yielded new avenues for the students to pursue. In the future a smaller study 
area with similar amount of resources would be ideal. Potential sites could include the Gowanus Canal, 
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Chicago Sanitary Ship Canal, Harlem River, Buckeye Lake, portions of the Cuyahoga River, Washington 
City Canal, Flushing Meadows Corona Park, Collect Pond, among others. The course allows students to 
collaborate on research and propose their own project. The course provides a structure and framework 
while giving students significant agency to propose and develop their own visualization of The Great Black 
Swamp.  
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