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Mississippi River barge shipping resumes
after floods, but rains to return

* Many sectors depend on the
transportation sector

* Arkansas agriculture depends on

multiple modes of transportation , e —
Flooding Pummels Midwest When
Farmers Can Least Afford It
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* Prior disruptions have significantly
impacted agricultural systems

* Resilience is the capacity to ey —
from disru ptions i o e o *




Objectives

« Mathematically characterize interdependencies arising between
interdependent agriculture and transportation infrastructure.

» Build a geospatial dataset of interdependent agriculture and transportation
infrastructure.

 Optimize post-disaster restoration options for interdependent agriculture and
transportation infrastructures.

« Perform a case study to analyze the impact of potential disasters on
multimodal transportation systems and the interdependent food and
agriculture sector.
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* Goal = optimize yield J?

* Fertilizer key factor o 3 8w

Demand nodes based upon
proximity to grain elevators,
acreage, etc.




Transportation System H

: Created Intermodal Terminal Points where Water, Rail, and Roads
‘ (primary only) “intersect” each other within specified distance
RISy \ » 100 m — results in 7 multimodal terminal nodes
» 500 m — results in 41 multimodal terminal nodes
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ransportation System Inter-Connectedness

e Created Intermodal Network Connections from individual modes to
intermodal terminals for transfer of cargo

Sample of spatial transportation networks input into model
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Optimization Model

ESSE'WithCDﬂtEiﬂEFCEpﬂEit‘y’ ¢ Integrate.d network for
T 11 1 commodity flow

Cemand Nodes: Traversal Time,
Time Dependent emand Capacity, Cost
by Commedity

* Container equivalents
represent cargo across modes

Intermodal | [ . .
Nodes: Truck o At each time step, determine
penten number of vessels and
Transshipment Nodes: Loading/ contalners

Waiting Capacity Unloading

ﬁ Capacity * Traversing each arc/segment

e Loaded/unloaded at nodes
* Waiting in inventory
Supply Nodes:

Time Dependent Supply  Demand and supply met or
* by Commodity USEd




Disruption Scenarios
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Historic flood data from 2016-2019

Road closures used to develop polygons
of impacted areas

Three levels of risk identified based upon
overlapping polygons and extent of
flooding

Note: Future projections should be
considered also.




Results

a) Baseline with potential disrupted arcs b) Worst-case scenario

* Disruptions made 8.9 e
. o [ . & K ® ‘o
significant impact A~ ® ¢ 9.

to fertilizer delivery S ey °° :.

and crop vield

* Worst-case
scenario =15
demand nodes
meeting yield
(27.5%)

* Rail was least
preferred mode for
transport

# of disrupted arcs (R): 71
+ Road: 41 arcs
+ Road: 18 arcs
+ Water: 12 arcs

Baseline Yield: 113,941,728 bu
Total Expected Yield: 32,040,461 bu
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Results

 Water remained
favored mode
due to
volume/capacity

* Model tended to
restore roads
connecting to
waterways over
other roads

 Under no
restoration
option was full
vield achieved
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Aggregate Flow by Mode
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» Janey Camp (jvcamp@memphis.edu)

e Sarah Nurre Pickney (no longer in academia)

——— * Kelley Sullivan (ksulliv@uark.edu)

= * Ben Runkle (brrunkle@uark.edu)

. ~ This project was supported by research funds through the Marine Transportation Research and Education g
'-?;;; (MarTREC) US Department of Transportation Center University Transportation Center '

Full project reports available at :
https://rosap.ntl.bts.gov/view/dot/61007

https://rosap.ntl.bts.gov/view/dot/734264#tabs-5
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