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Research Question and Scope

- Issue: How would temporary water storage affect crop
production and agricultural revenues?

- Study Focus: Examined planting delays caused by
Diversion
- Frequency—Ilikelihood or probability of planting delays
- Magnitude—what would be the revenue losses
- Geography—how effects vary among storage areas

- Previous Work: Provided insights on how the effects of flooding
align with regional planting, which increased the understanding of
how Diversion may impact planting delays



Analytical Outline

Modeling has Remained Consistent Across All Studies

Historical Data

Flood Dates Planting Dates Planting Rates
Hydrology Data Agriculture Data
241 Storage Areas Prices
Days to flood Yields
Days of Inundation Agronomic Dates
Crop Share

Acreage and Location
Dry-down Period

Yield Decline Functions
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Evaluation of Hydrology Data from
Perspective of Ag Producers

(components that vary by size of flood)



Conceptual Example of How Hydrology Data was Organized Timeline
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Hydrology Effects With and Without Diversion

|dentified five conditions:
- Group 1 - Land that does not flood
- Group 2 - Land already floods, but floods same duration
- Group 3 - Land already floods, but floods longer**
- Land already floods, but

- Group 5 - Land that would not flood, but now floods (new
flooding)**

Hydrology effects vary among the 241 storage areas across all 10
flood events -- complicates reporting of results.

Type of flooding does not necessarily correlate with duration of
inundation.

** Storage areas adversely impacted by FM Diversion



General Hydrology Conditions for Storage Areas
Comparing Existing Conditions to Those With the Project
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60,000 r

50,000
40,000
30,000

0 | | | | | | | l | l

20,000
10,000
10yr 20yr 25yr 25long 25extral 50yr 2009-like 100yr 500 yr

Acres
L]




Acres
35,000

30,000

25,000

20,000

15,000

10,000

5,000

Difference in Days (with 14-day Drydown) for Effects of Inundation to be
Gone between Existing Conditions and Operation of the Diversion

1 16 to 20 days
>40 days

m1to5days M 21to 25 days

W 26 to 30 days

M6 to 10 days
M 31to 35 days

B 11to 15 days
W 35 to 40 days

Mostly new
flooding
Lands that
flood longer

10yr 20yr 25yr 25yrlL 25yr XL 50yr 100 yr 500 yr PMF 2009

14-day dry down
presented, 10-day
dry down would
reduce impacts for
some lands.

The “1 to 5 days”
acres already flood
without Diversion,
so dry down
periods affect W
and WO conditions
equally.

Most of the other
lands will
experience new
flooding, and dry-
down requirements
are new additions
to the time for
effects of flooding
to be over.



Simulation Elements

(key components that vary based on historical,
weather-related data)



Flood Dates Associated with Staging Area Activation
(historical data used to produce a range of outcomes)

Historical Data

Flood Dates Planting Dates Planting Rates
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Fargo Floods
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Source: U.S. Geological Survey. Calendar Date

Point of Clarification: Staging activation threshold will be 21,000cfs in Fargo. The 21,000cfs threshold has occurred only 5 times,
whereas, the 17,000cfs has been observed 10 times. The average difference between those thresholds is 2 days later for 17,000cfs. The
analysis used the 17,000cfs threshold for generating the distribution of staging activation dates in the simulation.
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Planting Dates and Planting Rates

(historical data used to produce a range of outcomes)

Historical Data
Flood Dates Planting Dates Planting Rates

Calendar
Date When

Planting
North Dakota Reached Average Percentage of Acreage Planted per Day over the Period
. 20 Percent Comprising 20% to 80% of Planting Completion
Planting Progress-Sugarbeets e 00 20 40 60 g0 100 120
100 — 15-Apr 2012 |
74 16-Apr 2000 |
/. 17-Apr 2005
90 > 18-Apr 2004,2010 /I S
~———2000 19-Apr
e - : 2001 20-Apr
‘ 21-Apr
| —2002 . g
£ 70 22-Apr 2007 ]
£ i ——2003 23-Apr 2006
£ 2004 24-Apr
& 60 -
= O 25-Apr
& 26-Apr
E o ——2006 27-ApT 2003,2008 | S e
< ——2007 28-Apr 2002
.g 29-Apr )
E ——2008 30-Apr
E 2009 1-May
E
3 30 ——2010 20k
e 3-May 2009 |
- 1]/ ’ —2011 a-May |
117 / / ——2012 5-May 2013 |
/ / /ﬂ/ / / / / —203 (GIEY) 2001 |
L // 7 7-May 7
J e EHEY] 2011 |
. 9-May 1
0 : : - - : : : : : ; )
Week Week Week Week Week Week Week Week Week Week Week AT |
#4 M5 #16 #1718 #19  #20  #21  #22 #2324 Y 2014

Sources: National Agricultural Statistics Service; input from Producer Focus Group.



e
Flood Start and Planting Start Dates

Distributions from Existing Data (simulation)

Distribution of Flood Start Dates and Regional Planting Start Dates
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Point of Clarification: while the statistical distributions resulted in overlap between flood start dates (blue)
and regional planting start dates (red), the model did not allow those combinations in the analysis.



Agricultural
Production
Factors

Agriculture Data

Prices

Yields

Agronomic Dates

Crop Share

Dry-down Period

Yield Decline Functions

- Yield reduction functions based on target yields
(estimate yield loss associated with delayed planting)

- Agronomic dates - periods with best yields, periods with
declining yields, time to switch crops, prevent plant

- Crop prices (7-yr Olympic average)
- Crop percentages (corn, wheat, sugarbeets, soybeans)

- Key factors developed/vetted with collaboration from
NDSU specialists and producers in focus group meeting



How Does the Analysis Work
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Selecting a Planting Date

Conceptual Example
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Examples of Variability in Delays and Effects

B \\/ithout Diversion With Diversion
L1 e e e e e e L L L R e e LR C el
| = Diversion creates planting delay
with no yield loss
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© i with some yield loss
=
C Potential Yield Loss
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yield loss not due to Diversion
o
Q
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delay with substantial yield loss
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Probability and Magnitude of Planting
Delays and Reduction in Producer
Revenues



High Probability of Revenue Loss (average of all crops)

Storage Areas that Flood Longer (group 3)
Average of Storage Areas within the Hydrology Group (based on

10,000 simulations
25-Year  25-Year XL* 50-Year 2009-like 100-year

10-day Dry Down

Any Revenue Loss 53.4% 100% 56.1% 91.9% 99.2%
$1 to $25 per acre 53.4% 100% 56.1% 91.8% 99.9%
More than $25 per acre <0.1% <0.1% <0.1% 0.1% <0.1%

14-day Dry Down

Any Revenue Loss 69.9% 100% 71.2% 97.5% 99.9%
$1to $25 per acre 69.9% 100% 71.2% 96.4% 99.8%
More than $25 per acre <0.1% <0.1% <0.1% 1.1% 0.1%

*Approximates the 1997 flood.



High Probability of Revenue Loss (average of all crops)

Storage Areas that Experience New Flooding (group 5)
Average of Storage Areas within the Hydrology Group (based on

10,000 simulations
25-Year  25-Year XL* 50-Year 2009-like 100-year

10-day Dry Down

Any Revenue Loss 44.9% 56.1% 52.5% 48.9% 59.8%
$1 to $25 per acre 42.1% 51.2% 48.6% 45.6% 52.7%
More than $25 per acre 2.8% 4.9% 3.9% 3.3% 7.1%

14-day Dry Down

Any Revenue Loss 59.8% 71.2% 67.4% 63.7% 74.7%
$1to $25 per acre 49.1% 54.7% 53.2% 51.3% 53.9%
More than $25 per acre 10.7% 16.5% 14.2% 12.4% 20.8%

*Approximates the 1997 flood.



Range of Per-Acre Revenue Losses
High and Low 5% of Observations

r
Corn, Revenue Losses, 14-day Dry Down
W 25-year W 25-year XL* W 50-year ™ 2009-like ® 100-year
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$90 |
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g se0 |
& $50
Worst (5%) Average Best (5%) Worst (5%) Average Best (5%)
\ Areas that Flood Longer Areas with New Flooding

Worst — least favorable conditions for agricultural producers
Best — most favorable conditions for agricultural producers

Interpretation

The figure shows the
range of per-acre values
observed given study
data and averaging
techniques of the
statistical output from
10,000 simulations.

Average values mask the
variability observed in the
analysis.

Five percent average of

minimum and maximum

observations controls for
low probability events

*Approximates 1997 Flood
hydrology.



Range of Per-Acre Revenue Losses
High and Low 5% of Observations

-
Wheat, Revenue Losses, 14-day Dry Down,

m25year m25yearXL* m50-year m2009-like m 100-year
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Interpretation

The figure shows the
range of per-acre values
observed given study
data and averaging
techniques of the
statistical output from
10,000 simulations.

Average values mask the
variability observed in the
analysis.

Five percent average of

minimum and maximum

observations controls for
low probability events

*Approximates 1997 Flood
hydrology.



Range of Per-Acre Revenue Losses
High and Low 5% of Observations

"~ )
Sugarbeets, Revenue Losses, 14-day Dry Down Interpretation

W 25-year XL* m50-year m2009-like m 100-year :
W25year yed Y e 1= The figure shows the

$300 range of per-acre values
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$250 data and averaging
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$200 statistical output from
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3 $150
Average values mask the
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analysis.
$50
Five percent average of
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e Areas that Flood Longer Areas with New Flooding ¥, low probability events

*Approximates 1997 Flood

Least — least favorable conditions for agricultural producers
hydrology.

Max — most favorable conditions for agricultural producers



Range of Per-Acre Revenue Losses
High and Low 5% of Observations

( ) .
Soybeans, Revenue Losses, 14-day Dry Down Interpretation

M25year M25YearXL* mS50Year M2009-like m 100 year The figure shows the
range of per-acre values
observed given study
$2000 data and averaging

techniques of the
statistical output from
s 10,000 simulations.

$25.00

$/acre

Average values mask the
variability observed in the
analysis.

$10.00

$5.00
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Worst — least favorable conditions for agricultural producers
Best — most favorable conditions for agricultural producers

*Approximates 1997 Flood
hydrology.



Sensitivity to Dry Down Requirements
 Goingfrom [E-EVATEEEETA Take Away

Average of All Storage Areas within the Group and

Average of All Crops Increasing the dry
25-Year down period
Extra increases the average
25-Year Long 50-year 2009-like 100-year losses per acre and
Areas that Flood Longer (group 3) increases the
likelihood of incurring
$/acre -$1.23 -$2.27 -$1.92 -$3.24 -$2.08 a revenue loss from
% change ($/ac) 82.9% 60.5% 79.8% 56.9% 68.7% plantmg delays.
% change in frequency or 16.5% 0.0% 15.1% 5.6% 0.7% Dry down
how often losses will occur requirements will
Areas that Experience New Flooding (group 5) effect the magnitude
and frequency of
$/acre -$4.67 -$5.89 -$5.42 -$5.03 -$6.74 loEaEs.
% change ($/ac) 128.3% 114.0% 117.5% 120.4% 105.1%
% change in frequency or ) oo, 15.1% 14.9% 14.8% 14.9%

how often losses will occur



Example of Detail in Main Report

Time from Activation of
Staging Area until EffgCts
Flooding are Ovgr?

Difference
in Total
Days

$0 to $26 to $51 to $76to  More than
$25/acre® $50/acre® $75/acre® $100/acreP $100/acreb
No Loss Loss Loss Loss Loss Loss Any Loss Acres

Hydrology ' lell With
Group Diversion  Diversion

days -—-f--—--—---—--—- | = Based on 10,000 replications from Monte Carlo Simulation --------------=-==------ -

_ 20.3 22.8 1to 5 2.5% 97.5% 0.0% 0.0% 0.0% 0.0% 97.5% 14,026

3 2.5 37.4 6to 10 3.5% 13.4% 61.9% 17.5% 2.2% 1.4% 96.5% 1,023
_ 23.0 35.8 11to 15 4.7% 19.1% 34.6% 31.8% 7.5% 2.3% 95.3% 811
— 0 19.2 16 to 20 59.1% 36.1% 4.4% 0.4% 0.0% 0.0% 40.9% 773
— 0 21.8 21t0 25 43.8% 43.1% 11.5% 1.4% 0.1% 0.0% 56.2% 2,409
— 0 235 26 to 30 36.3% 35.9% 22.5% 4.4% 0.7% 0.1% 63.7% 434
295 61.5 30+ 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 150

a Total days are defined as the sum of 1) days from staging activation until land becomes inundated, 2) days of inundation, and 3) dry-down
period. Zero days mean the storage areas do not flood with existing conditions, but zero days do not necessarily mean conditions in the region

are suitable for planting.
bThe range of losses per acre represent an average of all storage areas within the




Fundamental Factor Driving Economic Effects

Staging Area
Activation

|

Time to Spring Timeline
inundate

Effects of Flooding
are Gone

Flnundation%‘ <— Drydown —» ‘

Regional
Staging Area Planting Start
Activation Date

Spring Timeline

Most Frequent
Floods
When placed on a
calendar timeline,
total time (days)
required for the
effects of
temporary water
storage to be over
are similar to the
calendar dates
when spring
planting begins.
Determined by
Hydrology Data
and NDSU
modeling

Take Away

Less Frequent
and Longer
Floods

Additional time
for effects of
flooding to be
over will increase
frequency and
magnitude of
revenue losses

Determined by
Hydrology Data
and NDSU
modeling

These two time periods are very similar in length. The likelihood (probability)
of a planting delay will be sensitive to factors affecting those periods.



Additional Observations

- Hydrology Data
- Substantial acreage within staging area not adversely affected
- Majority of adversely affected acreage has potential planting delays
of 1 to 5 days

- Some storage tracks will have substantially adverse effects — hard
to make generalizations that represent all situations

- Economic and Historical Data

- Economic conclusions are influenced by high acreage of soybeans
--50% of land is in soybeans (later planting dates, yield reductions less sensitive to
timing of planting)

- Economic losses are sensitive to dry-down requirements

- Combinations of a long, or late-occurring flood and relatively early
planting start dates are required to produce more pronounced
levels of planting delays
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