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Comments by the Special Master on June 7 (excerpts shown below) motivated a review of a 2007 memo [2]. In this memo, the RRCA Accounting Procedures were compared with two alternative accounting methods: one that lumps Nebraska pumping and imported water impacts together (method 2), and the one currently supported by Colorado and Nebraska (method 3). The two methods were shown to produce very similar impacts and discrepancies compared with the virgin water supply.

A technique of calculating impacts by integrating over the depletion response to incremental stresses was applied to both the RRCA AP (method 1) and method 2. Using this technique, the resulting impacts for the two methods were found to be identical and to satisfy the additivity criterion, i.e. that the sum of separate impacts equals the combined, virgin water supply impact. The similarity between methods 2 and 3 suggests that numerical differences between calculated impacts according to the RRCA AP and method 3, the Schreuder alternative are due mostly to approximation error; the only real difference is expected to be the reduction in Kansas’ impacts due to excluding imported water.

Background: Comparison of alternative methods to calculate impacts (review of 2007 memo)
In an August 12, 2007 memo [1], the sum of separate impacts was compared with the combined impact of the virgin water supply (vws) scenario for the RRCA AP and two alternative methods. The sums of separate impacts for the three methods can be expressed in terms of differences in computed baseflow between model scenarios as follows:

1. RRCA Accounting:

s1 = [(a – base) + (b – base) + (c – base) + (d – base)]

2. Combine NE impacts:

s2 = [(a – base) + (b – base) + (cd – base)]

3. CO, NE (5-run) proposal:
s3 = [(ad – d) + (bd – d) + (cd – d) + (d – base)]

The terms on the right-hand side refer to model scenarios that are defined in Table 1. The sums s1, s2 and s3 were compared with the vws impact, s = (z – base). Under the RRCA AP (method 1), the four impacts are calculated separately with respect to the base case with all stresses on. Method 2 differs from the RRCA AP by calculating the combined impact of Nebraska pumping and IWS, (cd – base).
Method 3 was first suggested in a note from Nebraska June 20 2007, then by Willem in his expert report for arbitration, and is now supported by both Colorado and Nebraska.  Method 3 differs from the RRCA AP by calculating pumping impacts with respect to the case with no IWS; the IWS credit is calculated the same as under RRCA AP (d – base). But method 2 is a good approximation for method 3, as shown in [1] and explained as follows.

First, the combined Nebraska impact (cd – base) of method 2 is identical to the sum of the separate impacts (cd – d) and (d – base) of method 3, and is converted into the separate impacts of method 3 by adding and subtracting the case d. The resulting numerical equivalence was shown in Table 4 of [1].  So the sum of impacts for method 3 is also given by

3’. CO and NE proposal (alt):
s3 = [(ad – d) + (bd – d) + (cd – base)]

Second, mound imports have a negligible effect on Colorado pumping CBCU; differences of 4 afy (1990-2000) and 82 afy (2001-2006) were shown in [1]. Mound imports were also shown to have a small effect on Kansas pumping CBCU, with differences of 238 afy (1990-2000) and 351 afy (2001-2006).

Third, the discrepancies of the sum over separate impacts compared to the vws impact for methods 2 and 3 were shown in [1] to be nearly equal, and both were shown to be greater than the discrepancy of the RRCA AP. From [1], See Fig. 3 for historical years through 2006, and Fig 5 including future years through 2056; Fig. 5 is reproduced below.

Average state impacts for the methods  1-3 and the Ahlfeld method are compared on the top four rows of Table 4; differences in impacts between these alternatives compared to the RRCA AP are listed in the top three rows of Table 5.
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Figure 5 (from reference [1]).  Computed baseflow discrepancy with respect to virgin water supply case for the sum of flows for the base case and impacts for alternate versions of impact formulas, including one proposed by Nebraska (1960-2056).
Numerical integration of impacts defined by the RRCA AP (method 1)
Computed baseflow response to the stresses of each state’s pumping and imported water from the Platte River as defined by the RRCA Accounting Procedures (AP) can be calculated by numerical integration, that is, by summing over the impacts of incremental stresses, as documented in reference [1]. This method of calculation quantifies the issue of nonlinearity by showing how impacts vary over the range of pumping and IWS stresses, as described in the Appendix.
As the incremental stress interval approaches zero, the integrated solution behaves as follows:

(a) The discrepancy between the sum of impacts of separate stresses and the impact of combined stresses (the virgin water supply, or vws, impact) approaches zero.

(b) The numerical solution converges toward a unique solution for the impacts.

(c) Numerical differences between the impacts defined by the RRCA AP and an alternative method similar to the one supported by Colorado and Nebraska approach zero.

(d) Computing time increases inversely with step size.

This discrepancy approaches zero without requiring this as a solution objective, as in the case of the Ahlfeld solution. The disadvantage of increased computing time with resolution noted in (d) is addressed by calculating an interval-centered stream depletion response over each stress interval that reduces the total discrepancy to nearly zero with ten-percent intervals.

The graph in Figure 1 shows how the discrepancy between the sum of separate impacts and the vws impact approaches zero along three different paths as the discretization interval is reduced; Table 1 lists the numerical values plotted in Fig. 1. The horizontal axis represents stress discretization interval as a fraction of total stress. The vertical axis represents discrepancy as standard deviation of annual discrepancy for years 1981-2010.

The blue dashed line identifies the path taken by applying stress intervals of {1, 0.5, 0.2, 0.1, 0.05 and 0.025 as fractions of total stress. For each of these solutions, impacts are based on stress decrements, beginning with the RRCA solution that compares scenarios with each stress off against the base case with all stresses on. The second path (along red squares) is based on a refinement described in [2] that applies extrapolation to estimate the solution for a stress interval of zero, which corresponds to continuous integration and infinite computing time.

The third path (along green triangles) is based on a separate refinement described in [2] as an interval-centered stream depletion response. The impact over each stress interval was calculated as the average of two impacts due to positive and negative increments of stress, respectively. This doubles the computation requirement for a given step size, but has the effect of representing the stream depletion response near the midpoint of each interval, and approximately cancels the bias associated with calculating impacts with respect to only one side of the interval or the other.

By applying a discretization interval of 0.1 as a fraction of the separate stresses, the total discrepancy for the interval-centered integration is reduced to a negligible quantity, as shown in Fig. 1. Annual discrepancies (1950-2010) for the RRCA AP and the interval-centered integration with 10-percent intervals are compared in Fig. 2. Compared with the RRCA AP, required computing time is greater by a factor of 20. Using the same technique, but with a stress interval of 1, calculated impacts were found to be very similar to those given by the Ahlfeld method.

Table 3 lists impacts by accounting point averaged for 2001-2010 for the interval-centered integration with 10-percent intervals. Table 4 lists the corresponding changes in computed impacts by this method compared with the agreed method of RRCA AP. Table 5 compares calculated state pumping impacts and IWS credit averaged over 2001-2010 for the RRCA AP, alternate methods 2 and 3, Ahlfeld method and integrated solutions of impacts defined by RRCA AP; the interval-centered integration with 10-percent intervals is identified as sum_pt1avg. Table 6 lists the corresponding differences in computed impacts compared to the RRCA AP.
Numerical integration of impacts defined by accounting method 2

The interval-centered integration with 10-percent intervals was applied to accounting method 2, in which impacts of Nebraska pumping and mound imports are calculated jointly. This method was shown above to closely approximate method 3, which is currently supported by Colorado and Nebraska. Reference [3] lists batch commands that were used for this calculation.

The combined Nebraska impact according to method 2 was found to be nearly identical to the sum of the separately calculated impacts of Nebraska pumping and Imported Water Supply for the RRCA AP. Table 7 shows the differences compared to current RRCA AP. The column labeled “NE – MD” lists the mean discrepancy over years 2001-2010 for each account. Note that the integrated version of IWS credit based on RRCA accounting is assumed. The separate Nebraska pumping credit (col. “NE”) is taken to be the sum of the IWS credit and the jointly calculated pumping and mound credit.
Numerical integration of impacts defined by accounting method 3
The interval-centered integration with 10-percent intervals was also applied to accounting method 3. With this method, the mound credit is given by the RRCA AP.
Conclusions
Because of the similarity in terms of calculated impacts between the 5-run alternative (Method 3) and the combined Nebraska impacts alternative (Method 2), a numerical integration of impacts under the Schreuder alternative is expected to produce nearly the same solution as that obtained by integrating impacts defined by the RRCA AP, with no differences for Nebraska, negligible differences for Colorado and relatively small differences on the order of 300 afy for Kansas representing mound effects.
The similarity of impacts among the three methods when calculated by integration shows that differences in calculated impacts between the method supported by Colorado and Nebraska and the RRCA AP are due almost entirely to approximation error that can be reduced to a negligible quantity by numerical integration of the stresses.
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Excerpts from Rough transcript of call with the Special Master June 7, 2012
(*) from p. 20:

SPECIAL MASTER KAYATTA: “…It does seem to me that all three experts do agree that Nebraska's proposed standard for determining impacts may be conceptually preferred, to use the words of Kansas's expert, Mr. Larson, in his report, and that the difficulty comes in agreeing on an allocation of additional impacts in a nonarbitrary manner. The Schreuder report seems to be the most straightforward on this point. So I think it would be helpful for all to see expressly what Mr. Larson thinks of the Schreuder proposal.”
(**) from p. 25-28:

SPECIAL MASTER KAYATTA: “…I should note, as an aside, that in reading these materials, in its original proposal, Nebraska attempted to quantify the magnitude of the impact that its proposed change would have over Nebraska. It took a –if I understand it correctly, it took a model put forward by Kansas for other purposes and then used that model to project forward 50 years actually without its expert necessarily saying he thought that was the proper model. And it came up with a projection of what it said was the effect of the, quote-unquote, error it was trying to produce and, therefore, what the change would be as a result of using the 16-run proposal. I could not find in any of the papers that anyone has done something like this with respect to the Schreuder – Schreuder proposal.

“So, you know, while I doubt that any changes in the RRCA accounting procedures, even if they can be made in the absence of agreement of all the parties, would apply retroactively, it, nevertheless, would be helpful to me to see how the allocations and actual practical usage, not just the theoretical allocation, would have been different since 2003 and then going forward under the Colorado Schreuder proposal. So I --

MS. BERNHARDT: Special Master?

SPECIAL MASTER KAYATTA: Yes?

MS. BERNHARDT: Special Master, this is Autumn Bernhardt. Are you asking for perhaps Willem to go ahead and run those results from 2003 for the—a projection of 50 years out? SPECIAL MASTER KAYATTA: Well, what I'm saying is that having read the reports, that's a question that is -- does not seem to be addressed in any of the reports by any of the three parties. And I think it's going to be helpful to me, no matter how I rule – I can see it cutting in both directions – to have some sense of what you're all contesting.

“I mean, the parties made an effort to quantify the Nebraska proposal; and Kansas had a critique of the assumptions made in that proposal for that purpose. But at least I had a sense of what the size of the – the amount of water that was being -- at issue. I don't see that here in the Schreuder proposal. I think it would be in the interest of all three parties to get that on the table expressly.

“So Schreuder is probably in the best position to quantify it initially. I think it would be helpful for him to do so and do so in a manner that provides Kansas, in particular, with an opportunity to critique that or agree with it.”
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Fig. 1. Total Republican R basin discrepancy as standard deviation over annual discrepancy 1981-2010.
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Fig. 2. Discrepancy between sum of separate impacts and combined impacts 1950-2010: single-step stress reduction (RRCA) and centered response (sum_pt1avg) . [file incr_impacts_1918-2010_annual_vs_Ahlfeld.xls sheet ch_Total: chart at b66]

Table 1.  Model scenarios used to compare separate and combined impacts for accounting methods 1-3.
	case
	Description

	base
	historical conditions( all ON): include groundwater pumping and irrigation recharge from Platte River (imported water supply, or IWS)

	a
	CO groundwater pumping OFF

	b
	KS groundwater pumping OFF

	c
	NE groundwater pumping OFF

	d
	No IWS (Mound OFF)

	z
	virgin water supply (vws) case (all OFF): no pumping (CO, KS and NE) and no IWS

	ad
	CO pumping and Mound are both OFF

	bd
	KS pumping and Mound are both OFF

	cd
	NE pumping and Mound are both OFF


Table 2. Total Republican R basin discrepancy as standard deviation (1981-2010). (1): accumulate impacts over incremental stress reductions. (2): extrapolate solutions from (1) based on successive increments  to the limit f=0. (3): interval-centered depletion response based on average of impacts for positive and negative stress increments.

	step size fraction f:
	1
	0.5
	0.2
	0.1
	0.05
	0.025

	1 stress reduction
	3349
	2686
	1088
	585
	259
	129

	2 extrapolate to h=0
	 
	1898
	725
	313
	153
	63

	3 interval-centered
	294
	89
	24
	8
	 
	 


[from incr_impacts_1918-2010_annual.xls sheet stddev_discrep_vs_stepsize a29:g32]

Table 3a. RRCA accounting.

	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	1632
	1235
	117
	247
	0
	247
	1599
	-33
	59

	Beaver
	9687
	0
	3799
	3635
	0
	3635
	7434
	-2252
	2902

	Buffalo
	3780
	312
	0
	3290
	0
	3290
	3602
	-178
	87

	Driftwood
	1324
	0
	0
	1324
	0
	1324
	1324
	0
	0

	Frenchman
	83137
	772
	0
	77536
	0
	77536
	78308
	-4828
	850

	North Fork
	15401
	14564
	0
	837
	0
	837
	15401
	0
	1

	Above Swanson
	10219
	-2563
	155
	11662
	0
	11662
	9254
	-966
	1437

	Swanson - Harlan
	22563
	0
	86
	40779
	7118
	33661
	33747
	11179
	4791

	Harlan - Guide Rock
	25218
	0
	0
	25729
	244
	25485
	25485
	267
	32

	Guide Rock - Hardy
	2899
	0
	57
	2833
	0
	2833
	2890
	-9
	3

	Medicine
	10380
	0
	0
	20611
	9780
	10831
	10831
	451
	294

	Prairie Dog
	5253
	0
	5250
	15
	0
	15
	5265
	12
	28

	Red Willow
	6649
	0
	0
	6730
	36
	6694
	6694
	45
	35

	Rock
	3888
	65
	0
	3787
	0
	3787
	3852
	-36
	11

	Sappa
	3231
	0
	554
	1720
	14
	1706
	2260
	-972
	1689

	South Fork
	18678
	11492
	5698
	1089
	0
	1089
	18279
	-398
	753

	Hugh Butler
	1696
	0
	0
	1696
	0
	1696
	1696
	0
	0

	Bonny
	1269
	1264
	0
	0
	0
	0
	1264
	-5
	3

	Keith Sebelius
	492
	0
	492
	0
	0
	0
	492
	0
	0

	Enders
	4468
	0
	0
	4463
	0
	4463
	4463
	-5
	1

	Harlan
	855
	0
	66
	812
	16
	796
	862
	7
	13

	Harry Strunk
	342
	0
	0
	346
	0
	346
	346
	4
	1

	Swanson
	353
	13
	0
	345
	0
	345
	358
	4
	7

	Mainstem Total
	60899
	-2570
	302
	81002
	7356
	73646
	71378
	10477
	5494

	Total
	233412
	27150
	16290
	209486
	17211
	192275
	235715
	2302
	4515


Table 3b. “5-run” accounting.

	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	1632
	1235
	117
	247
	0
	247
	1599
	-33
	59

	Beaver
	9687
	0
	3799
	3636
	0
	3636
	7435
	-2252
	2902

	Buffalo
	3780
	312
	0
	3290
	0
	3290
	3602
	-178
	87

	Driftwood
	1324
	0
	0
	1324
	0
	1324
	1324
	0
	0

	Frenchman
	83139
	772
	0
	77479
	0
	77479
	78251
	-4886
	848

	North Fork
	15401
	14564
	0
	837
	0
	837
	15401
	0
	1

	Above Swanson
	10219
	-2563
	155
	11662
	0
	11662
	9254
	-966
	1437

	Swanson - Harlan
	29681
	0
	-162
	29715
	7118
	22597
	22435
	-133
	491

	Harlan - Guide Rock
	25462
	0
	0
	25458
	244
	25214
	25214
	-4
	5

	Guide Rock - Hardy
	2893
	0
	57
	2837
	0
	2837
	2894
	-4
	2

	Medicine
	20160
	0
	0
	20160
	9780
	10380
	10380
	0
	1

	Prairie Dog
	5253
	0
	5249
	15
	0
	15
	5264
	12
	28

	Red Willow
	6685
	0
	0
	6685
	36
	6649
	6649
	0
	0

	Rock
	3888
	65
	0
	3787
	0
	3787
	3852
	-36
	11

	Sappa
	3246
	0
	521
	1729
	14
	1715
	2236
	-995
	1764

	South Fork
	18678
	11492
	5698
	1089
	0
	1089
	18279
	-398
	753

	Hugh Butler
	1696
	0
	0
	1696
	0
	1696
	1696
	0
	0

	Bonny
	1269
	1264
	0
	0
	0
	0
	1264
	-5
	3

	Keith Sebelius
	492
	0
	492
	0
	0
	0
	492
	0
	0

	Enders
	4468
	0
	0
	4463
	0
	4463
	4463
	-5
	1

	Harlan
	871
	0
	66
	816
	16
	800
	866
	11
	12

	Harry Strunk
	347
	0
	0
	347
	0
	347
	347
	5
	1

	Swanson
	353
	13
	0
	345
	0
	345
	358
	4
	7

	Mainstem Total
	68256
	-2570
	54
	69672
	7356
	62316
	59800
	-1101
	1670

	Total
	250623
	27150
	16010
	197616
	17211
	180405
	223565
	-9848
	5424


Table 3c*. Accounting method 1, 10-pct interval-centered integration. Incremental impacts are calculated from both sides of each interval and averaged. (*) Same as Table 1 in reference [3]
	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	1632
	1249
	123
	260
	0
	260
	1632
	0
	2

	Beaver
	9687
	0
	5098
	4589
	0
	4589
	9687
	0
	0

	Buffalo
	3780
	357
	0
	3423
	0
	3423
	3780
	0
	0

	Driftwood
	1324
	0
	0
	1324
	0
	1324
	1324
	0
	0

	Frenchman
	83137
	3170
	0
	79990
	23
	79968
	83138
	1
	2

	North Fork
	15401
	14563
	0
	836
	0
	836
	15399
	-2
	1

	Above Swanson
	10219
	-2098
	205
	12112
	0
	12112
	10219
	-1
	5

	Swanson - Harlan
	22709
	0
	-6
	37815
	15097
	22718
	22712
	3
	4

	Harlan - Guide Rock
	25221
	0
	0
	25670
	453
	25217
	25217
	-4
	4

	Guide Rock - Hardy
	2900
	0
	56
	2833
	-5
	2838
	2894
	-5
	5

	Medicine
	10387
	0
	0
	20601
	10213
	10387
	10387
	0
	0

	Prairie Dog
	5253
	0
	5243
	9
	0
	9
	5251
	-1
	2

	Red Willow
	6649
	0
	0
	6704
	55
	6649
	6649
	0
	0

	Rock
	3889
	71
	0
	3817
	0
	3817
	3888
	0
	0

	Sappa
	3232
	0
	1199
	2038
	2
	2035
	3235
	3
	1

	South Fork
	18678
	11653
	5786
	1235
	0
	1235
	18674
	-4
	8

	Hugh Butler
	1696
	0
	0
	1696
	0
	1696
	1696
	0
	0

	Bonny
	1269
	1263
	0
	0
	0
	0
	1263
	-6
	2

	Keith Sebelius
	492
	0
	492
	0
	0
	0
	492
	0
	0

	Enders
	4468
	0
	0
	4464
	0
	4464
	4464
	-4
	1

	Harlan
	855
	0
	60
	809
	11
	797
	857
	2
	4

	Harry Strunk
	342
	0
	0
	347
	0
	347
	347
	5
	1

	Swanson
	353
	9
	0
	340
	0
	340
	350
	-4
	3

	Mainstem Total
	61047
	-2100
	259
	78429
	15539
	62890
	61049
	2
	7

	Total
	233568
	30241
	18268
	210912
	25855
	185057
	233566
	-1
	8


Table 4. Change in computed impacts compared with RRCA accounting procedure for the 10-pct interval-centered integration of impacts as defined by RRCA AP.

	Account
	ALL
	CO
	KS
	NE
	MD
	NE-MD
	sum

	Arikaree
	0
	14
	6
	13
	0
	13
	33

	Beaver
	0
	0
	1299
	954
	0
	954
	2253

	Buffalo
	0
	45
	0
	133
	0
	133
	178

	Driftwood
	0
	0
	0
	0
	0
	0
	0

	Frenchman
	0
	2398
	0
	2454
	23
	2432
	4830

	North Fork
	0
	-1
	0
	-1
	0
	-1
	-2

	Above Swanson
	0
	465
	50
	450
	0
	450
	965

	Swanson - Harlan
	146
	0
	-92
	-2964
	7979
	-10943
	-11035

	Harlan - Guide Rock
	3
	0
	0
	-59
	209
	-268
	-268

	Guide Rock - Hardy
	1
	0
	-1
	0
	-5
	5
	4

	Medicine
	7
	0
	0
	-11
	433
	-444
	-444

	Prairie Dog
	0
	0
	-8
	-6
	0
	-6
	-14

	Red Willow
	0
	0
	0
	-26
	19
	-45
	-45

	Rock
	1
	6
	0
	30
	0
	30
	36

	Sappa
	1
	0
	645
	318
	-12
	329
	975

	South Fork
	0
	161
	88
	146
	0
	146
	395

	Hugh Butler
	0
	0
	0
	0
	0
	0
	0

	Bonny
	0
	-1
	0
	0
	0
	0
	-1

	Keith Sebelius
	0
	0
	0
	0
	0
	0
	0

	Enders
	0
	0
	0
	1
	0
	1
	1

	Harlan
	0
	0
	-6
	-3
	-5
	1
	-5

	Harry Strunk
	0
	0
	0
	1
	0
	1
	1

	Swanson
	0
	-4
	0
	-5
	0
	-5
	-8

	Mainstem Total
	148
	470
	-43
	-2573
	8183
	-10756
	-10329

	Total
	156
	3091
	1978
	1426
	8644
	-7218
	-2149


Table 5. Calculated state pumping impacts and IWS credit averaged over 2001-2010 for RRCA AP, alternate methods 2 and 3, Ahlfeld method and integrated solutions of impacts defined by RRCA AP.

	Method
	ALL
	CO
	KS
	NE
	MD
	NE-MD
	sum
	mean discrep
	std dev discrep

	RRCA AP meth. 1
	233412
	27150
	16290
	209486
	17211
	192275
	235715
	2302
	4515

	acctg method 2
	233412
	27150
	16290
	197616
	17211
	180405
	223845
	-9568
	5058

	acctg method 3
	233412
	27150
	16010
	197616
	17211
	180405
	223565
	-9848
	5424

	Ahlfeld_v2*
	233412
	30291
	17988
	208326
	23192
	185134
	233413
	0
	1

	Integration:
	 
	 
	 
	 
	 
	 
	 
	 
	 

	pt05
	233568
	30120
	18186
	211032
	25680
	185352
	233658
	91
	386

	pt025
	233568
	30192
	18232
	211017
	25824
	185193
	233616
	49
	188

	pt025extrap
	233568
	30249
	18261
	210998
	25940
	185058
	233568
	1
	87

	sum_pt0_1avg
	233568
	30268
	18012
	208428
	23068
	185360
	233640
	-72
	294

	sum_pt5avg
	233568
	29938
	18245
	210185
	24813
	185372
	233555
	12
	80

	sum_pt2avg
	233568
	30192
	18247
	210730
	25609
	185121
	233560
	-8
	36

	sum_pt1avg
	233568
	30241
	18268
	210912
	25855
	185057
	233566
	-1
	8


Table 6. Difference in calculated state pumping impacts and IWS credit averaged over 2001-2010 for methods listed in Table 3 compared to RRCA AP.

	Method
	ALL
	CO
	KS
	NE
	MD
	NE-MD
	sum
	comp factor

	acctg method 2
	0
	0
	0
	-11870
	0
	-11870
	-11870
	1

	acctg method 3
	0
	0
	-280
	-11870
	0
	-11870
	-12150
	1

	Ahlfeld_v2*
	0
	3141
	1698
	-1160
	5981
	-7141
	-2302
	4

	Integration:
	 
	 
	 
	 
	 
	 
	 
	 

	pt05
	156
	2970
	1896
	1546
	8469
	-6923
	-2057
	20

	pt025
	156
	3042
	1942
	1531
	8613
	-7082
	-2099
	40

	pt025extrap
	156
	3099
	1971
	1512
	8729
	-7217
	-2147
	60

	sum_pt0_1avg
	156
	3118
	1722
	-1058
	5857
	-6915
	-2075
	2

	sum_pt5avg
	156
	2788
	1955
	699
	7602
	-6903
	-2160
	4

	sum_pt2avg
	156
	3042
	1957
	1244
	8398
	-7154
	-2155
	10

	sum_pt1avg
	156
	3091
	1978
	1426
	8644
	-7218
	-2149
	20


Table 7*. Differences between accounting method 2 compared to method 1, where both methods are integrated using 10-percent response-centered intervals (i.e., response is calculated from both sides of each interval and averaged. (*) Same as Table 2 in reference [3].
	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Beaver
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Buffalo
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Driftwood
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Frenchman
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-1

	North Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Above Swanson
	0
	0
	0
	1
	0
	1
	1
	1
	0

	Swanson - Harlan
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-3

	Harlan - Guide Rock
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Guide Rock - Hardy
	0
	0
	0
	5
	0
	5
	5
	5
	-4

	Medicine
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Prairie Dog
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Red Willow
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Rock
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Sappa
	0
	0
	0
	-3
	0
	-3
	-3
	-3
	-1

	South Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hugh Butler
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Bonny
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Keith Sebelius
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Enders
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Harlan
	0
	0
	0
	-2
	0
	-2
	-2
	-2
	-4

	Harry Strunk
	0
	0
	0
	-5
	0
	-5
	-5
	-5
	-1

	Swanson
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mainstem Total
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-2

	Total
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-1


Source: file incr_impacts_1918-2010_sum_pt1_NEMD.xls, sheet avg_2001-2010_sum_pt1avg_NEMD, range m1:u26.

Table 8*. Method 3 accounting (no IWS in base case), 10-pct interval-centered integration: incremental impacts are calculated from both sides of each interval and averaged. (*) Same as Table 3 in reference [3]

	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	1632
	1249
	123
	260
	0
	260
	1632
	0
	2

	Beaver
	9687
	0
	5098
	4589
	0
	4589
	9687
	0
	0

	Buffalo
	3780
	357
	0
	3423
	0
	3423
	3780
	0
	0

	Driftwood
	1324
	0
	0
	1324
	0
	1324
	1324
	0
	0

	Frenchman
	83140
	3170
	0
	79970
	0
	79970
	83140
	0
	1

	North Fork
	15401
	14563
	0
	836
	0
	836
	15399
	-2
	1

	Above Swanson
	10219
	-2098
	204
	12112
	0
	12112
	10219
	0
	5

	Swanson - Harlan
	29827
	0
	-21
	29851
	7118
	22733
	22712
	3
	2

	Harlan - Guide Rock
	25465
	0
	0
	25461
	244
	25217
	25217
	-4
	4

	Guide Rock - Hardy
	2893
	0
	57
	2837
	-1
	2838
	2894
	0
	0

	Medicine
	20167
	0
	0
	20167
	9780
	10387
	10387
	0
	0

	Prairie Dog
	5253
	0
	5243
	9
	0
	9
	5251
	-1
	2

	Red Willow
	6685
	0
	0
	6685
	36
	6649
	6649
	0
	0

	Rock
	3889
	71
	0
	3817
	0
	3817
	3888
	0
	0

	Sappa
	3246
	0
	1196
	2050
	14
	2035
	3231
	0
	0

	South Fork
	18678
	11653
	5786
	1235
	0
	1235
	18674
	-4
	8

	Hugh Butler
	1696
	0
	0
	1696
	0
	1696
	1696
	0
	0

	Bonny
	1269
	1263
	0
	0
	0
	0
	1263
	-6
	2

	Keith Sebelius
	492
	0
	492
	0
	0
	0
	492
	0
	0

	Enders
	4468
	0
	0
	4464
	0
	4464
	4464
	-4
	1

	Harlan
	871
	0
	60
	811
	16
	796
	855
	0
	0

	Harry Strunk
	347
	0
	0
	347
	0
	347
	347
	0
	0

	Swanson
	353
	9
	0
	340
	0
	340
	350
	-4
	3

	Mainstem Total
	68404
	-2101
	243
	70261
	7356
	62905
	61048
	1
	4

	Total
	250779
	30241
	18250
	202286
	17211
	185075
	233565
	-2
	6


Table 9*. Differences between accounting method 3 compared to method 1, where both methods are integrated using 10-percent response-centered intervals (i.e., response is calculated from both sides of each interval and averaged. (*) Same as Table 4 in reference [3].

	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Beaver
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Buffalo
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Driftwood
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Frenchman
	3
	0
	0
	-21
	-23
	2
	2
	-1
	-1

	North Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Above Swanson
	0
	0
	0
	1
	0
	1
	1
	1
	0

	Swanson - Harlan
	7118
	0
	-15
	-7964
	-7979
	15
	0
	0
	-3

	Harlan - Guide Rock
	244
	0
	0
	-209
	-209
	0
	0
	0
	0

	Guide Rock - Hardy
	-6
	0
	0
	4
	4
	0
	0
	5
	-4

	Medicine
	9780
	0
	0
	-434
	-434
	0
	0
	0
	0

	Prairie Dog
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Red Willow
	36
	0
	0
	-19
	-19
	0
	0
	0
	0

	Rock
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Sappa
	14
	0
	-3
	12
	12
	0
	-3
	-3
	-1

	South Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hugh Butler
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Bonny
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Keith Sebelius
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Enders
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Harlan
	16
	0
	0
	3
	5
	-2
	-2
	-2
	-4

	Harry Strunk
	5
	0
	0
	0
	0
	0
	0
	-5
	-1

	Swanson
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mainstem Total
	7356
	0
	-16
	-8168
	-8183
	15
	-1
	-1
	-3

	Total
	17211
	0
	-19
	-8626
	-8644
	18
	-1
	-1
	-1


Source: file incr_impacts_1918-2010_sum_pt1_NEMD.xls, sheet avg_2001-2010_sum_pt1avg_NEMD, range m1:u26.

Appendix. Nonlinearity issue quantified by variation of impacts over the range of pumping and imported water stresses
The method of integrating impacts due to incremental stresses over the full range of stresses quantifies the nonlinearity issue. To illustrate this, Fig. 1a plots total basin impacts, averaged over years 2001-2010, corresponding to 5-percent stress decrements for the four separate stresses (CO, KS, NE and MD), the net Nebraska impact (NE – MD), the sum of the separate impacts (sum), the joint, or vws impact (ALL) and the discrepancy. The right-hand side of the horizontal axis (stress fraction = 1) corresponds to the base case with all stresses ON; the left-hand side (stress fraction = 0) corresponds to the vws case all stresses OFF. Fig. 1b plots the corresponding cumulative impacts, in which the incremental impacts shown in Fig. 1a are accumulated from right to left, i.e. over the impacts corresponding to stress decrements. Fig. 1b also plots the impacts given by the RRCA AP for comparison (red triangles), which correspond to single steps of stress decrements (from ON to OFF).

Referring to Fig. 1a, the impact of the first stress decrement is evaluated with respect to the base case. Each of the four stresses is reduced by 5 pct, holding the others at 100 pct. For the joint impact, all four stresses are reduced by 5 pct. For the second stress decrement, each stress is reduced to 90 pct, holding the others at 95 pct, and impacts are calculated with reference to the all-95 pct case, and so on. For the last stress decrement, each stress is reduced to 0 pct (OFF), holding the other stresses at 5 pct. The first stress decrement has the least impact, whereas the last stress decrement has the greatest impact, because less baseflow is available for depletion as pumping increases.

The relationship of decreasing depletion response with increasing stress tends to hold, but is not always the case; additionally, the impact-stress relationships can vary significantly from year to year with hydrologic conditions, and among accounting points. To illustrate this, the incremental and cumulative depletion curves are shown for Beaver Creek in 2003 (Figs. 2a and 2b) and for the Swanson-Harlan County Main Stem (Figs. 3a and 3b).

Beaver Creek in 2003:

Fig. 2a shows, for Beaver Creek in 2003, that no depletion occurs for stress intervals above 55 percent. Fig. 2a also shows that Kansas and Nebraska impacts are about the same for stresses below 55 percent.  For stresses below 30 percent, Nebraska’s impact is independent of stress, and Kansas’ impact is nearly independent; and incremental impacts decline sharply to zero from 30 percent to 55 percent stress. Fig. 2b shows the cumulative impacts for Beaver Creek in 2003.

Main Stem, Swanson – Harlan County in 2003:

Fig. 3a plots some dramatic nonlinearity for the Main Stem Swanson-Harlan County reach in 2003. Up to 25 percent stress, Nebraska’s incremental pumping impact  is roughly 3000 ac-ft  per 5-pct stress decrement.  Above 25 percent, however, the incremental impact plunges, and is negative for stresses above 55 percent. The IWS Credit also varies significantly, from 200 ac-ft for the first stress increment to 800 ac-ft for 20-30 percent stress. In Fig. 3b, the cumulative Nebraska pumping impact swings negative and then positive (accumulating from right to left)

Frenchman Creek response curves for 2003 are shown in Figs. 4a and 4b. [To see curves for a given year and accounting point, see file pumping_impacts_1918-2010.xls, sheet impacts_avg_yyyy. Specify year and accounting point code in range bi1:bi2; key to code is in range bt1:bu26.
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Fig 1a. Total basin, average 2001-2010: Incremental pumping impact or IWS credit corresponding to 5-percent decrements of stress. Right-hand side (stress fraction = 1) corresponds to all stresses ON; left-hand side (stress fraction = 0) corresponds to all stresses OFF. [file pumping_impacts_1918-2010.xls, sheet impacts_avg_2001-2010 at bf1]

Legend explanation: ALL: joint impact of combined stresses (vws impact); CO: Colorado pumping impact; KS: Kansas pumping impact; NE: Nebraska pumping impact; MD: imported water supply (IWS) credit for mound recharge; NE – MD: net Nebraska impact; sum: sum over separate impacts (CO+KS+NE-MD); mean discrepancy: sum – ALL, i.e. the difference between sum of separate impacts and joint impacts.

[image: image5.emf]0

50000

100000

150000

200000

250000

0 0.2 0.4 0.6 0.8 1

Cumulative stream depletion or credit (ac

-

ft/yr)

Stress fraction

Total basin: Cumulative stream depletion or credit

as function of stress fraction for 5 pct stress decrements

ALL

CO

KS

NE

MD

NE-MD

RRCA (step size = 1)

discrepancy (afy)


Fig. 1b. Total basin, average 2001-2010: Cumulative pumping impact or IWS credit as function of stress fraction. Impacts are accumulated from right-hand side (all ON) to left-hand side (all OFF). See legend explanation below Fig. 1a. [sheet impacts_avg_2001-2010 at aw1]
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Fig. 2a. Beaver Creek in 2003: Incremental pumping impacts and IWS credit for 5-pct stress decrements. [sheet impacts_avg_2003 at bf41]
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Fig. 2b. Beaver Creek in 2003: Cumulative pumping impact or IWS credit as function of stress fraction. Impacts are accumulated from right-hand side (all ON) to left-hand side (all OFF). [sheet impacts_avg_2003 at aw41]
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Fig. 3a. Main Stem Swanson to Harlan County: Incremental pumping impacts and IWS credit for 5-pct stress decrements. [sheet impacts_avg_2003 at bf101]
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Fig. 3b. Main Stem Swanson to Harlan County: Cumulative pumping impact or IWS credit as function of stress fraction. Impacts are accumulated from right-hand side (all ON) to left-hand side (all OFF). [sheet impacts_avg_2003 at aw101]
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Fig. 4a. Frenchman Creek: Incremental pumping impacts and IWS credit for 5-pct stress decrements. [sheet impacts_avg_2003 at bf61]
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Fig. 4b. Frenchman Creek: Cumulative pumping impact or IWS credit as function of stress fraction. Impacts are accumulated from right-hand side (all ON) to left-hand side (all OFF). [sheet impacts_avg_2003 at aw61]
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