5.2 Potato Case Study

By potato movements, we refer to estimates of daily vehicle level trips, for example, daily truck trips of fresh potatoes in the state.  To identify the consequences of a disruption to potato movements, an understanding of existing potato movements is first required.  This also includes capturing the variety of potato products, as well as the origins and destinations within the state.  

A report completed for WSDOT and the Washington Potato Commission (Creamer, Selmin and Jessup 2008) proved very useful in providing the information required to estimate truck trips within Washington state.  

5.2.1 Potato Production

Through previous work by Creamer et al., and as shown in Figure 5.7, it is clear that potatoes are produced in three regions of the state: the Skagit Valley, the Lower Basin, and the Upper Basin.

These three regions are considered origins of fresh potatoes.  Centroids of the region are identified as the origins of truck trips.  Potato production volumes are estimated from U.S. Department of Agriculture (USDA) field production data (Table 5.1).  
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Figure 5.7 Washington potato production, 2006 from USDA field production data 
(Creamer, Selmin and Jessup 2008)
Table 5.1 Production volumes per region less recovery rate (USDA, Potato Commission)

	 
	Total Production
	
	

	 
	Skagit Valley
	Upper Basin
	Lower Basin

	Production (Short Tons)
	162,742
	1,972,626
	2,197,012

	Recovery Rate 
	0.94
	0.94
	0.94

	Total Purchased
	152,977
	1,854,268
	2,065,191


On the basis of conversations with the Washington State Potato Commission, a capture rate of 94 percent was assumed in all regions. For each production region, percentages of potatoes sold fresh or processed were estimated on the basis of an “end of year comparison” from the Washington State Potato Commission (Table 5.2).

Table 5.2  Potato utilization by product for three production regions (Potato Commission)

	
	Potato Utilization
	

	 
	Skagit Valley
	Upper Basin
	Lower Basin

	Fresh
	100%
	14%
	14%

	Frozen
	0
	73%
	73%

	Dehy
	0
	11%
	11%

	Chips
	0
	2%
	2%


5.2.2 Potato Processing

Potatoes are processed at 16 facilities within Washington state, as shown in Figure 5.8.
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Figure 5.8 Potato processors in Washington state (Potato Commission)

Ratios of truckloads of fresh potatoes to truckloads of processed potatoes were estimated by the Washington State Potato Commission.  The ratio for fresh potatoes is of course 1:1, and it is 2:1 for frozen potatoes, 4:1 for chips, and 6:1 for dehydrated potatoes.  For example, for every truckload of dehydrated potatoes leaving a processing facility, six truckloads of fresh potatoes are required.  Note, however, that a truckload of fresh potatoes is assumed to be equivalent to 22.22 tons, and a truckload of frozen potatoes is assumed to be equivalent to 20 tons.  

No information was available regarding the location of dehydration for potatoes grown in the Skagit Valley.  Dehydration could take place at processing facilities in either the Upper or Lower basins.  On the basis of the expert knowledge of the Potato Commission, we estimated that 25 percent of these potatoes would be dehydrated in the Upper Basin, and 75 percent would be dehydrated in the Lower Basin.  Potatoes grown in the Upper Basin were assumed to be processed in the Upper Basin, and potatoes grown in the Lower Basin were assumed to be processed in the Lower Basin.

5.2.3 Mode

We assumed that 25 percent of frozen potatoes processed in the state leave the state via rail.  This was based on conversations with one of the state’s largest frozen potato producers, ConAgra.  We also assumed that 11 percent of fresh, dehydrated, and chipped potatoes are shipped out of the state on rail, given unpublished data from the Washington Potato Commission.  Typically these potatoes are destined for regions east of the Mississippi.

5.2.4 Potato Consumption and Export

Potatoes grown and processed in the state are either consumed in the state or exported.  The distribution of potatoes by destination given by the 2007 Potato Commission Survey is shown in Table 5.3.  

Table 5.3 Percentage of shipments to major destinations by region (Potato Commission Survey)

	Major destinations
	Lower Basin
	Skagit Valley
	Upper Basin

	Eastern Washington
	12.48%
	2.03%
	6.22%

	Western Washington
	14.29%
	6.81%
	6.40%

	Oregon
	2.31%
	4.35%
	1.25%

	California
	14.58%
	40.72%
	11.85%

	Idaho
	0.00%
	0.00%
	34.33%

	States west of Mississippi
	22.01%
	13.30%
	12.76%

	States east of Mississippi
	24.26%
	23.58%
	11.99%

	Canada
	8.85%
	7.04%
	2.91%

	Mexico
	0.14%
	1.96%
	0.25%

	Other international
	1.09%
	0.20%
	12.03%


Potatoes destined to other international locations are exported via the Port of Seattle.  According to the 2007 Potato Commission Survey, these shipments use the routes shown in Table 5.4. These truck trips are shown graphically in figures 5.9 through 5.11.

Table 5.4  Major routes used by region (Potato Commission)

	Major Destinations
	Lower Basin
	Skagit Valley
	Upper Basin

	Eastern Washington
	I-90, I-82,
	I-5, I-90,
	I-90, I-82,

	
	Hwy 12, 14
	Hwy 2, 405
	Hwy 17

	Western Washington
	I-90, I-82, I-5,
	I-5,
	I-90,

	
	240, 395
	405, 167
	Hwy 17

	Oregon 
	I-90, I-82, I-84,
	I-5
	I-90, I-82, I-84

	
	Hwy 97,
	
	

	
	395, 597
	
	

	California 
	I-90, I-82, I-5,
	I-5
	I-90, I-82, I-5,

	
	Hwy 97, 395
	
	Hwy 17, 395

	Idaho 
	
	
	I-90, I-82, I-84,

	
	
	
	SR 17, 395

	States west of Mississippi
	I-90, I-82,
	I-90, I-80, I-5, I-84, 405
	I-90, I-82, I-5, I-84,

	
	395
	
	SR 17, 395

	States east of Mississippi
	I-90, I-82,
	I-90, I-80, I-5,
	I-90, I-82, I-5, I-84,

	
	395
	405
	SR 17, 395

	Canada 
	I-90, I-82, I-5
	I-5, I-90
	I-5, I-90

	Mexico 
	I-82, I-5, Hwy 97
	I-5
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Figure 5.9 Shipment destinations for Lower Basin potato production
(Creamer, Selmin and Jessup 2008)
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Figure 5.10 Shipment destinations for Skagit Valley potato production
(Creamer, Selmin and Jessup 2008)
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Figure 5.11 Shipment destinations for Upper Basin potato production
(Creamer, Selmin and Jessup 2008)
Destinations in Eastern Washington are distributed to Moses Lake, Spokane, Kennewick, Warden, Yakima, and Grandview.  Destinations in Western Washington are distributed to Seattle, Tacoma, Stanwood, and Auburn.  Destinations in Oregon and California are served via I-5, I-205, I-82, and Highway 97.  Destinations in Idaho are served via I-90, Highway 2, Highway 12, I-82, and I-84.  Other destinations in the U.S. are served via I-90 and I-82.  Destinations in Canada are served via I-5 or Highway 9.  Destinations in Mexico are served via I-5, I-205, I-82, or Highway 97. 

5.2.5 Truck Trips

To convert short tons to truckloads of potatoes, we assumed that fresh and dehydrated potatoes weigh out at 22,000 pounds.  For frozen potatoes we assumed that a truckload can carry 20,000 pounds because of the refrigeration unit necessary.  For potato chips, a truckload can carry only 5,000 pounds.  

Table 5.5 Truck trips per day

	Destinations
	 
	Total Production
	Fresh
	
	
	Frozen
	
	
	Dehy
	
	
	Chips
	
	

	 
	 
	Skagit Valley
	Upper Basin
	Lower Basin
	Skagit Valley
	Upper Basin
	Lower Basin
	Skagit Valley
	Upper Basin
	Lower Basin
	Skagit Valley
	Upper Basin
	Lower Basin
	Skagit Valley
	Upper Basin
	Lower Basin

	 E. WA
	 
	0.17
	0.06
	0.12
	2.90
	1.71
	3.96
	0.00
	4.17
	9.67
	0.00
	0.24
	0.53
	0.00
	0.27
	0.63

	Moses Lake
	0.04
	0.01
	0.00
	0.01
	0.13
	0.07
	0.17
	0.00
	0.18
	0.42
	0.00
	0.01
	0.02
	0.00
	0.01
	0.03

	Spokane
	0.48
	0.08
	0.03
	0.06
	1.40
	0.83
	1.92
	0.00
	2.02
	4.68
	0.00
	0.12
	0.26
	0.00
	0.13
	0.30

	Kennewick
	0.17
	0.03
	0.01
	0.02
	0.50
	0.30
	0.69
	0.00
	0.72
	1.68
	0.00
	0.04
	0.09
	0.00
	0.05
	0.11

	Warden
	0.04
	0.01
	0.00
	0.01
	0.13
	0.07
	0.17
	0.00
	0.18
	0.42
	0.00
	0.01
	0.02
	0.00
	0.01
	0.03

	Yakima
	0.13
	0.02
	0.01
	0.02
	0.37
	0.22
	0.50
	0.00
	0.53
	1.23
	0.00
	0.03
	0.07
	0.00
	0.03
	0.08

	Grandview
	0.13
	0.02
	0.01
	0.02
	0.37
	0.22
	0.50
	0.00
	0.53
	1.23
	0.00
	0.03
	0.07
	0.00
	0.03
	0.08

	 W. WA
	 
	0.06
	0.07
	0.14
	0.99
	1.99
	4.53
	0.00
	6.49
	14.76
	0.00
	0.28
	0.61
	0.00
	0.32
	0.72

	Seattle
	0.28
	0.02
	0.02
	0.04
	0.28
	0.56
	1.28
	0.00
	1.83
	4.15
	0.00
	0.08
	0.17
	0.00
	0.09
	0.20

	Tacoma
	0.23
	0.01
	0.02
	0.03
	0.23
	0.47
	1.06
	0.00
	1.52
	3.46
	0.00
	0.07
	0.14
	0.00
	0.07
	0.17

	Stanwood
	0.20
	0.01
	0.01
	0.03
	0.20
	0.40
	0.92
	0.00
	1.32
	2.99
	0.00
	0.06
	0.12
	0.00
	0.06
	0.15

	Auburn
	0.28
	0.02
	0.02
	0.04
	0.28
	0.56
	1.28
	0.00
	1.83
	4.15
	0.00
	0.08
	0.17
	0.00
	0.09
	0.20

	OR 
	 
	0.03
	0.01
	0.02
	0.57
	0.28
	0.73
	0.00
	0.70
	1.79
	0.00
	0.04
	0.10
	0.00
	0.05
	0.12

	via I-5
	0.25
	0.01
	0.00
	0.01
	0.14
	0.07
	0.18
	0.00
	0.17
	0.45
	0.00
	0.01
	0.02
	0.00
	0.01
	0.03

	via I-205
	0.25
	0.01
	0.00
	0.01
	0.14
	0.07
	0.18
	0.00
	0.17
	0.45
	0.00
	0.01
	0.02
	0.00
	0.01
	0.03

	via I-82
	0.25
	0.01
	0.00
	0.01
	0.14
	0.07
	0.18
	0.00
	0.17
	0.45
	0.00
	0.01
	0.02
	0.00
	0.01
	0.03

	via Hwy 97
	0.25
	0.01
	0.00
	0.01
	0.14
	0.07
	0.18
	0.00
	0.17
	0.45
	0.00
	0.01
	0.02
	0.00
	0.01
	0.03

	 CA
	 
	0.35
	0.12
	0.15
	5.81
	3.42
	4.63
	0.00
	8.34
	11.29
	0.00
	0.48
	0.62
	0.00
	0.54
	0.73

	via I-5
	0.25
	0.09
	0.03
	0.04
	1.45
	0.85
	1.16
	0.00
	2.09
	2.82
	0.00
	0.12
	0.16
	0.00
	0.14
	0.18

	via I-205
	0.25
	0.09
	0.03
	0.04
	1.45
	0.85
	1.16
	0.00
	2.09
	2.82
	0.00
	0.12
	0.16
	0.00
	0.14
	0.18

	via I-82
	0.25
	0.09
	0.03
	0.04
	1.45
	0.85
	1.16
	0.00
	2.09
	2.82
	0.00
	0.12
	0.16
	0.00
	0.14
	0.18

	via Hwy 97
	0.25
	0.09
	0.03
	0.04
	1.45
	0.85
	1.16
	0.00
	2.09
	2.82
	0.00
	0.12
	0.16
	0.00
	0.14
	0.18

	 ID
	 
	0.00
	0.36
	0.00
	0.00
	10.26
	0.00
	0.00
	25.03
	0.00
	0.00
	1.45
	0.00
	0.00
	1.63
	0.00

	via I-90
	0.20
	0.00
	0.07
	0.00
	0.00
	2.05
	0.00
	0.00
	5.01
	0.00
	0.00
	0.29
	0.00
	0.00
	0.33
	0.00

	via Hwy 2
	0.20
	0.00
	0.07
	0.00
	0.00
	2.05
	0.00
	0.00
	5.01
	0.00
	0.00
	0.29
	0.00
	0.00
	0.33
	0.00

	via Hwy 12
	0.20
	0.00
	0.07
	0.00
	0.00
	2.05
	0.00
	0.00
	5.01
	0.00
	0.00
	0.29
	0.00
	0.00
	0.33
	0.00

	via I-82
	0.20
	0.00
	0.07
	0.00
	0.00
	2.05
	0.00
	0.00
	5.01
	0.00
	0.00
	0.29
	0.00
	0.00
	0.33
	0.00

	via I-84
	0.20
	0.00
	0.07
	0.00
	0.00
	2.05
	0.00
	0.00
	5.01
	0.00
	0.00
	0.29
	0.00
	0.00
	0.33
	0.00

	West of MS 
	 
	0.11
	0.08
	0.22
	1.84
	2.28
	6.98
	0.00
	5.56
	17.05
	0.00
	0.32
	0.94
	0.00
	0.36
	1.11

	via I-90
	0.50
	0.05
	0.04
	0.11
	0.92
	1.14
	3.49
	0.00
	2.78
	8.52
	0.00
	0.16
	0.47
	0.00
	0.18
	0.55

	via I-82
	0.50
	0.05
	0.04
	0.11
	0.92
	1.14
	3.49
	0.00
	2.78
	8.52
	0.00
	0.16
	0.47
	0.00
	0.18
	0.55

	East of MS 
	 
	0.20
	0.13
	0.24
	3.40
	3.70
	7.70
	0.00
	9.04
	18.79
	0.00
	0.52
	1.03
	0.00
	0.59
	1.22

	via I-90
	0.50
	0.10
	0.07
	0.12
	1.70
	1.85
	3.85
	0.00
	4.52
	9.39
	0.00
	0.26
	0.52
	0.00
	0.29
	0.61

	via I-82
	0.50
	0.10
	0.07
	0.12
	1.70
	1.85
	3.85
	0.00
	4.52
	9.39
	0.00
	0.26
	0.52
	0.00
	0.29
	0.61

	Canada 
	 
	0.06
	0.03
	0.09
	0.99
	0.85
	2.81
	0.00
	2.09
	6.85
	0.00
	0.12
	0.38
	0.00
	0.14
	0.45

	via I-5
	0.50
	0.03
	0.02
	0.04
	0.50
	0.43
	1.40
	0.00
	1.04
	3.43
	0.00
	0.06
	0.19
	0.00
	0.07
	0.22

	via Sumas (Hwy 9?)
	0.50
	0.03
	0.02
	0.04
	0.50
	0.43
	1.40
	0.00
	1.04
	3.43
	0.00
	0.06
	0.19
	0.00
	0.07
	0.22

	Mexico 
	 
	0.02
	0.00
	0.00
	0.28
	0.00
	0.04
	0.00
	0.00
	0.11
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01

	via I-5
	0.25
	0.00
	0.00
	0.00
	0.07
	0.00
	0.01
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	via I-205
	0.25
	0.00
	0.00
	0.00
	0.07
	0.00
	0.01
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	via I-82
	0.25
	0.00
	0.00
	0.00
	0.07
	0.00
	0.01
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	via Hwy 97
	0.25
	0.00
	0.00
	0.00
	0.07
	0.00
	0.01
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Other Int'l 
	 
	0.00
	0.13
	0.01
	0.00
	3.70
	0.35
	0.00
	9.04
	0.84
	0.00
	0.52
	0.05
	0.00
	0.59
	0.05

	Port of Seattle
	1.00
	0.00
	0.00
	0.00
	0.00
	3.70
	0.35
	0.00
	9.04
	0.84
	0.00
	0.52
	0.05
	0.00
	0.59
	0.05

	 
	  TOTAL TRUCK TRIPS per DAY
	16.79
	28.20
	31.73
	0.00
	70.46
	81.14
	0.00
	3.98
	4.25
	0.00
	4.48
	5.04


Table 5.5 shows the number of truck trips per day between each origin and each destination for each product type.  In all cases except for Eastern and Western Washington, we assumed that trips were equally distributed across minor destinations because of a lack of more detailed information.  In Eastern and Western Washington, truck trips were distributed according to the populations of the cities identified as destinations.  The minor destinations were identified in the Creamer et al. 2007 potato survey.  

5.2.6 Disruption

The pattern of movements within the state clearly includes some movements of potatoes and potato products from Western Washington to Eastern Washington and vice versa.  According to our estimates of truck trips, of the almost 250 truck trips generated each day in the state serving potato movements, about 50 trucks, or about 20.47 percent of all truck trips, travel over the mountain passes.

During the last ten years, heavy snow and avalanche danger have frequently caused WSDOT to close I-90 at Snoqualmie Pass.  In fact, during the 2007-2008 winter season, Snoqualmie Pass was closed for roughly 370 hours (WSDOT GrayNotebook 2008a).  The closures were distributed approximately equally between eastbound and westbound lanes, but eastbound traffic was slightly more affected.  In the same season, Steven’s Pass received 562 inches of snow.  The closures of I-90 due to inclement weather also affected the other mountain routes of Highway 2 and 12.  Highway 410 and Highway 20 are closed seasonally every winter, leaving SR 14, the southern-most east-west route as the only available cross-state route.

Given our decision to model this disruption to east-west routes, only a subset of the trucks needed to be re-routed (those that would normally travel the east-west routes).  Truck trips that would not cross the Cascades would not be directly affected by the closure, and therefore it was not necessary to re-route them.  For example, we know that shipments of fresh potatoes from Skagit County to the Port of Seattle do not utilize a mountain pass.  Table 5.6 shows the routes for origins and destinations that cross the Cascades and would therefore be disrupted by a mountain pass closure.  It also shows the estimated number of daily truck trips on these routes and the products they carry.  Notice that I-90 carries the majority (67 percent) of the trips, followed by 410 West.  Notice that the eastbound movements originate in Skagit county, which is quite far north in the state, and so eastbound movements favor the more northerly crossings, whereas the westbound movements originate farther south in the Upper and Lower basins, and so favor the more southerly routes such as 410, which only serves westbound movements.  

Also notice that all of the potatoes heading east are fresh potatoes.  These are potatoes grown in the Skagit Valley and transported to processing facilities on the east side of the state.  However, the westbound traffic is composed of all product varieties, of which 69 percent are frozen.

Table 5.6 Truck trips per day under normal conditions on cross-Cascades routes

	Normal Conditions

	 
	Truck Trips
	Fresh
	Frozen
	Dehy
	Chips

	Hwy 2 East 
	4.3
	 
	 
	 
	 

	Skagit to Moses Lake
	 
	0.13
	 
	 
	 

	Skagit to Spokane
	 
	1.40
	 
	 
	 

	Skagit to Warden
	 
	0.13
	 
	 
	 

	Skagit to other U.S. states (excluding Oregon or California)
	 
	2.62
	 
	 
	 

	Hwy 2 West 
	1.8
	 
	 
	 
	 

	Upper Basin to Stanwood
	 
	0.40
	1.32
	0.06
	0.06

	I-90 East 
	1.2
	 
	 
	 
	 

	Skagit to Kennewick 
	 
	0.50
	 
	 
	 

	Skagit to Yakima 
	 
	0.37
	 
	 
	 

	Skagit to Grandview 
	 
	0.37
	 
	 
	 

	I-90 West 
	32.4
	 
	 
	 
	 

	Upper Basin to Seattle
	 
	0.56
	1.83
	0.08
	0.09

	Upper Basin to Tacoma
	 
	0.47
	1.52
	0.07
	0.07

	Upper Basin to Auburn
	 
	0.56
	1.83
	0.08
	0.09

	Upper Basin to Port of Seattle
	 
	3.70
	9.04
	0.52
	0.59

	Lower Basin to Seattle
	 
	1.28
	4.15
	0.17
	0.20

	Lower Basin to Stanwood
	 
	0.92
	2.99
	0.12
	0.15

	Lower Basin to Port of Seattle
	 
	0.35
	0.84
	0.05
	0.05

	410 West 
	10.6
	 
	 
	 
	 

	Lower Basin to Tacoma
	 
	1.06
	3.46
	0.14
	0.17

	Lower Basin to Auburn
	 
	1.28
	4.15
	0.17
	0.20


The truck trips shown in Table 5.6 are represented in green on the map of Washington in Figure 5.12.  Using the GIS tool, we disabled network links on I-90, Highway 2, and Highway 12 to replicate the impacts of a severe winter storm and re-routed the potato trucks to the next shortest path between their origin and destination.  
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Figure 5.12 Truck trips per day on cross-Cascades routes under disruption scenario
The new routes are shown on the map in red and are further detailed in Table 5.7.  We observed the rerouting to the only remaining east-west freight route, SR 14, then utilized I-5 for the north/south portion of the trip.  In the base case, no trucks would use this route to cross the Cascades.  The result is an increase of truck trips on these roads of about 50 trucks per day.

Table 5.7 Truck trips per day under disruption scenario on cross-Cascades routes

	Disruption

	 
	Truck Trips
	Fresh
	Frozen
	Dehy
	Chips

	I 84 East
	5.5
	 
	 
	 
	 

	Skagit to Moses Lake
	
	0.13
	 
	 
	 

	Skagit to Spokane
	
	1.40
	 
	 
	 

	Skagit to Warden
	
	0.13
	 
	 
	 

	Skagit to other U.S. states (excluding Oregon or California)
	
	2.62
	 
	 
	 

	Skagit to Kennewick
	
	0.50
	 
	 
	 

	Skagit to Yakima
	
	0.37
	 
	 
	 

	Skagit to Grandview
	
	0.37
	 
	 
	 

	I 84 West
	 44.8
	 
	 
	 
	 

	Upper Basin to Stanwood
	
	0.40
	1.32
	0.06
	0.06

	Upper Basin to Seattle
	
	0.56
	1.83
	0.08
	0.09

	Upper Basin to Tacoma
	
	0.47
	1.52
	0.07
	0.07

	Upper Basin to Auburn
	
	0.56
	1.83
	0.08
	0.09

	Upper Basin to Port of Seattle
	
	3.70
	9.04
	0.52
	0.59

	Lower Basin to Seattle
	
	1.28
	4.15
	0.17
	0.20

	Lower Basin to Stanwood
	
	0.92
	2.99
	0.12
	0.15

	Lower Basin to Port of Seattle
	
	0.35
	0.84
	0.05
	0.05

	Lower Basin to Tacoma
	
	1.06
	3.46
	0.14
	0.17

	Lower Basin to Auburn
	
	1.28
	4.15
	0.17
	0.20


The rerouting would affect about 50 truck trips per day, five in the eastbound direction and about 45 in the westbound direction, or about 20 percent of total truck trips moving potatoes in the State of Washington.  Under normal conditions, trucks travel an estimated 11,000 miles each day.  Under the disrupted conditions, if all trucks re-routed, truck miles would increase to almost 21,000 miles, an increase of almost 80 percent.  The additional truck miles by product are shown in Table 5.8.  In terms of truck miles, the greatest impact would be to frozen potatoes moving from the Upper and Lower basins to the markets on the west side of the state (including export facilities at the Port of Seattle).  Fresh potatoes would also be significantly affected.

Table 5.8 Additional truck miles by product under disruption scenario

		Skagit Valley

	Upper Basin

	Lower Basin


	Fresh

	1327

	1191

	679


	Frozen

	0

	3233

	2170


	Dehydrated

	0

	168

	91


	Chips

	0

	189

	108



	
	


5.2.7 Economic Impacts

The economic impacts from the highway closure of I-90 described above would include a variety of both direct and indirect costs that would adversely affect the Washington state potato industry.  Some of these impacts are easily identified but more difficult to measure accurately, given the dynamic nature of markets and market participants and how they respond/change in different circumstances. A discussion of these impacts, based upon the model assumptions provided above and the transportation characteristics of the potato industry collected from earlier studies, is provided below, in addition to the direct/indirect nature of how they affect the state’s potato industry.

5.2.7.1 Direct Costs

The direct costs of the I-90 closure at Snoqualmie described earlier would include those additional costs associated with trucks required to travel an additional 9,148 miles (in aggregate), including added fuel consumption, truck driver wages, and vehicle operating costs.  Earlier studies have estimated these costs for different commodities/general freight, which are influenced by the current price of fuel and labor market conditions, in addition to other factors that include commodity weight/density and backhaul opportunities in the geographic market served.  Table 5.9 provides a list of cost coefficients from recent studies, with the truck cost per mile ranging from $1.50 to $3.50 per mile.  If we apply these coefficients to the additional miles encountered from the I-90 Snoqualmie disruption, we could expect an additional $13,722 to $32,018 per day cost impact, or approximately $275 to $640 dollars per truck.  This direct cost estimate range was based upon several assumptions, including the following:

· Re-routing of truck traffic as a result of an I-90 closure would occur from the shipment origin and would not account for time caught in traffic, backtracking of the route to the shipment alternative, or the cost of driver hours of service (i.e., drivers who exceeded their hours of service limits as a result of being stuck in disruption traffic would have to be replaced in order to move the shipment).

· Potato products would follow average daily historical shipping patterns, as provided by the industry, and seasonal fluctuations were ignored.

· Potato shippers would continue to ship the product when a disruption occurred, instead of delaying shipments for a period to avoid the disruption.

Table 5.9 Truck transportation cost per mile of operation for various agricultural commodities

	Commodity
	Cost Estimates Per Mile

	Wheat, Corn and Soybeans
	2.17 – 3.46

	Switchgrass
	1.67 – 1.87

	Barley
	2.30 – 3.46


5.2.7.2 Indirect Costs

The indirect costs of such a disruption would include lost market opportunities from fresh or processed potato shippers.  This could be in the form of lost customers/markets as a result of shipments that failed to reach the ports of Seattle or Tacoma to meet ocean vessel shipping deadlines, thus resulting in unsatisfied customers or clients, which would adversely affect future potato sales.  This would also apply to domestic retail markets in the Puget Sound area for truck shipments west of the Cascade Mountains, although for this market shippers would likely delay shipment to avoid the closure disruption.  For the portion of potato shipments leaving the Skagit Valley production area and heading east to processors in the Columbia basin or markets east, the I-90 closure would also have some adverse impacts as a result of delayed delivery and/or missed market opportunities.  Given the relatively small volume of shipments in this movement, the indirect impacts would likely be minor.  Other indirect costs might include product spoilage/damage from shipments that were drastically delayed or diminished quality as a result of additional handling because of load transfer/reload.  Inventory costs might also increase as a result of delayed product movement, although the marginal daily cost increase is would be minor.

5.2.7.3 Discussion of Economic Implications

Figure 5.13 shows that the price of fresh potatoes is quite variable.  The figure shows the average value received by the potato grower for each month over the last six years.  Notice that even within one year, prices can change substantially from one month to the next. 
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Figure 5.13 Price of fresh potatoes (source: Washington Potato Commission)

Retailers paid on average $7.83 for 50 lbs or about $15.00 per cwt, almost doubling the value from the farmer.  Retailers in the Lower Yakima Valley and Columbia Basin paid almost $16.00.  Potatoes from NW Washington achieved the highest price paid by the retailer, about $18.00 per 50 lbs, or $36.00 per cwt (Washington Potato Commission).  

The range of prices for fresh potatoes in the store range from $.33/pound to $2/pound for organically grown, low-yield fresh potatoes.  According to AC Nielsen, the average price paid for fresh potatoes in the Seattle region in 2008-2009 was $.50/pound.  Frozen French fries can be purchased for about $2/pound, dehydrated potatoes for about $2.70/pound, and  potato chips range from $4.50 to $8/pound. 

Given this, the value of a truckload of fresh potatoes could be as little as $1,000 with respect to the grower’s revenue; however, the value of a truckload of potatoes to the grocery store is an order of magnitude larger, or about $10,000 (Table 5.10).  A truckload of processed potatoes is worth substantially more, closer to $50,000 for frozen French fries, dehydrated potatoes, and about $25,000 for potato chips.  These estimates are all based on the sale price of the products at the grocery store, since prices at the processing facility are not known.  However, these would over-estimate the value of a truckload of potatoes.

Table 5.10 Approximate truckload value along the supply chain for each potato product

	 
	Grower
	Retailer
	Consumer

	Fresh
	$1,000 - $5,000
	$2,000 - $8,000
	$7,000 - $50,000

	Frozen
	 
	 
	$40,000

	Dehydrated
	 
	 
	$60,000

	Chip
	 
	 
	$20,000-$40,000


Consider a truckload of fresh potatoes worth about $3,000.  Even if a 10 percent profit could be made on this load, it would be completely offset by the cost of re-routing a truck to avoid a winter road closure.  Given this, it is not surprising that many truckloads would choose to wait out the closure, rather than reroute, particularly if the length of the closure was unknown.  While there are certainly quality concerns about fresh potato products, none of the experts we talked to had any concern about the effects of several days’ delay on product quality.  

If carriers knew at the time of the closure that the delay to the trucks would be limited to 24 hours, we can assume that a majority of potato trucks would choose not to re-route but to incur the additional cost of waiting (driver wages) for the pass to re-open.  Some trucks, including those with frozen potatoes destined for the ports, might re-route if there was concern that an outbound ship would be missed.  If the length of the closure were uncertain, we would see a larger volume of trucks taking the re-route.  The indirect impacts, therefore, of a 24-hour closure to the potato industry in Washington state, would be minimal, although there would be significant disruption to traffic.  The economic impact would be primarily the direct cost of delay to the carrier, including extra fuel, driver wages, and driver accommodations. 
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