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Transit Closure costs from Sanctions or Sea Ice for the Northern Sea Route

1.  Distance Savings per ship
The distance using the Suez Canal route from Rotterdam to Yokohama is about 11,133 nautical miles compared with about 7010 nautical miles if the Northern Sea Route (NSR) is used instead.[endnoteRef:1] Since fuel is a major variable component of the shipping expenses, and since current fuel costs are at or near an all-time high, it is reasonable to assume that shipping costs vary with distance.  Assuming a constant speed of 20 kts, the cost savings of using the NSR over the Suez Canal route is about 37% either due to distance or time.[endnoteRef:2]   [1:  Buixadé Farré, A. B.,  S. R. Stephenson, L. Chen, M. Czub, Y. Dai, D. Demchev, Y. Efimov, P. Graczyk, H. Grythe, K. Keil, N. Kivekäs, N. Kumar, N. Liu, I. Matelenok, M. Myksvoll, D. O'Leary, J. Olsen, S. Pavithran A.P., E. Petersen, A. Raspotnik, I. Ryzhov, J. Solski, L. Suo, C. Troein, V. Valeeva, J. van Rijckevorsel, J. Wighting, 2014: Commercial Arctic shipping through the Northeast Passage: routes, resources, governance, technology, and infrastructure, Polar Geography, 37:4, 298-324, DOI: 10.1080/1088937X.2014.965769]  [2:  Cao, Y., S. Liang, L. Sun, J. Liu, X. Cheng, D. Wang, Y. Chen, M. Yu, K. Feng, 2022:  Trans-Arctic shipping routes expanding faster than the model projections.  Global Environmental Change, 73, 02488, https://doi.org/10.1016/j.gloenvcha.2022.102488 .] 


Distance Savings/Ship = Price/FEU * FEU/Ship*(1-NSR cost savings%)		(S1)

The cost of shipping has increased over 9-fold since the start of the pandemic (Figure 2 in the text). This rise predates the current situation in Ukraine and is instead part of the larger worldwide logistic supply chain issues.  As of March 11, 2022, it cost $13,382 to ship forty foot equivalent unit (FEU) from China/East Asia to Europe[endnoteRef:3].  In this case, the use of the NSR would save almost $4,956 per container shipped over shipping the same container via the Suez Canal.  Assuming a post-Panama container ship that can hold about 2500 FEUs,[endnoteRef:4] that is a savings of about $12,389,739 per ship that now has to take the Suez route instead of the NSR due to closures either due to sanctions or sea ice (Equation S1). [3:  Freightos, Ltd., 2022: https://fbx.freightos.com/freight-index/FBX01 , sourced March 16, 2022.]  [4:  Cao, Y., S. Liang, L. Sun, J. Liu, X. Cheng, D. Wang, Y. Chen, M. Yu, K. Feng, 2022:  Trans-Arctic shipping routes expanding faster than the model projections.  Global Environmental Change, 73, 02488, https://doi.org/10.1016/j.gloenvcha.2022.102488 .] 


2. Estimates of additional shipping costs
We can get a variety of estimates of the indirect additional shipping costs of the closure of the NSR.  First, assuming that shipping over the NSR in 2022 would be similar to the previous year, we could assume that if the NSR was otherwise open, there would be at least 42 international through transits.  The remaining 43 transits have at least one Russian port (29) or both (14).  Presumably transport between two Russian ports (Russian cabotage) will be unaffected by the sanctions, so those 14 would continue to use the NSR.  On the other hand, sanctions on Russia presumably would prevent the 29 transits that either loaded or off-loaded at a Russian port regardless of the use of the NSR, so those will not be considered.
Of course, many different types of ships use the NSR.  Over half of the 71 international destination transits (where at least one port was not in the NSR) were general cargo (36), followed by bulk carriers (26), heavy load (8) and LNG carriers (2).[endnoteRef:5]  For ease of exposition, we estimate savings based off of the savings of container ship.  (Since half the international transits were general cargo ships which can carry containers, this is not an unreasonable estimation.)  Using the theoretical savings per ship above, that would cumulate to an additional $518,890,700 shipping costs due to the closing of the NSR, or about half a billion dollars. [5:  CHNL Information Office, 2022: Transit voyages on the NSR in 2021.  Retrieved from https://arctic-lio.com/transit-voyages-on-the-nsr-in-2021-the-results-as-of-the-current-date/  on May 6, 2022.] 

The above estimates assume the NSR would be open in summer 2022 and there would be enough time for 42 transits.  Of course, season length is variable.  While not a forecast, different climate estimations from the CMIP6 ensemble could provide a range of possible season lengths.  There is notable variation across the 16 different CMIP6 climate realizations (Table 1 in main text).  In five of those realizations, the NSR would be functionally shut due to sea ice.  Four of the realizations (CESM2-WACCM, GFDL-CM4, MIROC6, and NorESM2-MM) have the NSR shut for the entire season.  While one of the climate realizations (BCC-CSM2-MR) suggests the NSR would only be open for one transit, this would be very unlikely to happen in practice and so that realization also suggests that the NSR would be functionally shut due to sea ice.
The remaining climate realizations have different possible season lengths.  In 2021, the first transit entered the NSR on July 8 and the last entered the NSR on November 6, for a total season of 121 days.  There were 85 transits of the NSR over 121 days, suggesting a transit started about every 34 hours on average.  Assuming the same start frequency, the number of ship transits (Table 1 in text) estimated varies from 33 (CNRM-CM6-1) up to 119 (MRI-ESM2-0).
Assuming sea ice does not close the NSR, the remaining 11 CMIP6 realizations suggest that the additional costs of closing the NSR due to sanctions would cause shippers to incur between just over $400 million up to almost $1.5 billion of additional shipping costs (Table 2 in text). 
Besides differences in the direct cost of shipping, as estimated above, another way to estimate indirect costs of NSR closure is to estimate the indirect costs to the shipper or receiver based on the delay of the goods.  The NSR is not only shorter, but faster.  The total number of days of shipping time for each of the 16 realizations was estimated from Rotterdam to Yokohama (Figure S1).  These transit times were then compared with the number of days it takes to go from Rotterdam to Yokohama via the Suez Canal route with no port stops, estimated at 24.575 days at 20 knots.[endnoteRef:6]  Therefore, for most of the 16 CMIP6 realizations, use of the NSR provides a number of days of savings over taking the Suez Canal (Table 1 in text). [6:  Cao, Y., S. Liang, L. Sun, J. Liu, X. Cheng, D. Wang, Y. Chen, M. Yu, K. Feng, 2022:  Trans-Arctic shipping routes expanding faster than the model projections.  Global Environmental Change, 73, 02488, https://doi.org/10.1016/j.gloenvcha.2022.102488 .] 

Having goods on the ship instead of delivered has a large indirect cost: each additional day in transit costs between 0.6% and 2.1% of the value of the goods shipped.[endnoteRef:7]   There are about 51.73 ships per day going through the Suez Canal carrying cargo valued at about $10 billion,[endnoteRef:8] suggesting the average ship carries about $193.3 million of cargo.  Assuming similar valuations for ships taking the NSR instead of the Suez Canal, and assuming a day’s delay is worth 1% of the value, delays cost the owners of the goods (not the shippers) a little bit under $2 million/day.   Applying this value to the average number of days saved per trip by using the NSR gives an estimate of the indirect value saved per trip due to the faster delivery of goods (Figure S2). [7:  Hummels, David L., and Georg Schaur, 2013: Time as a Trade Barrier. American Economic Review, 103 (7): 2935-59. DOI: 10.1257/aer.103.7.2935.]  [8:  Yeung, J., 2021:  Suez Canal authorities need to remove up to 706,000 cubic feet of sand to free the Ever Given, CNN.com, March 26, 2021.  Retrieved on March 16, 2022 from https://www.cnn.com/2021/03/25/middleeast/suez-canal-ship-sand-intl-hnk/index.html .


Figure S1:  Average Transit time between Yokohama and Rotterdam using the NSR


Figure S2:  Estimated value of savings based on shorter transit times by using NSR over the Suez Canal route for 16 CMIP6 realizations for 2022. 

] 

Then, assuming the frequency of ships going through the NSR is one every 34 hours as it was in 2021, an estimate can be made of the indirect delay costs of the NSR closure for the entire season to the owners of goods.  These indirect delay costs are about the same magnitude as the lost of savings on shipping costs (Table 2 in the text).  Collectively, these costs add up to a large sum, from just under $900 million to almost $3.3 billion (Table 2 in the text) at 1% of the value of goods shipped, and up to $5.2 billion if the high end of 2.1% of value of goods shipped is used (Table 3 in the text).  
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