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1. Introduction38

39

Most political science research on the determinants of international cooperation operates40

with simple notions of the outcome to be explained – most commonly, the existence of41

agreements, treaties, or international regimes (Bernauer 1995). Substantive assessment of42

the contents of cooperative arrangements and their performance in terms of solving43

problems that motivate international cooperation is usually left to qualitative case study44

research. Recent work on the effectiveness of international environmental cooperation45

suggests that a quantitative approach is feasible (Underdal 1992; Helm and Sprinz 2000;46

Young 2001). Such an approach would help in systematically measuring and comparing47

success or failure in international cooperation over time and across cases. Hence it would48

provide a more substantive basis also for explaining variation in success or failure of49

international cooperation. Moreover, it would be of practical relevance for policy50

evaluation.51

52

The existing literature offers only very limited concepts for measuring international53

policy performance. Questions about international policy performance are usually54

answered either with reference to non-causal criteria, for example by describing the55

development of a particular problem (e.g. pollution) over time without systematic56

analysis of how the problem has been affected by international cooperation per se. Or57

they are answered with reference to widely shared views among experts about the58

effectiveness of cooperation. Moreover, particularly in the tradition of welfare59

economics, performance is defined chiefly in terms of efficiency (in a cost-benefit sense)60

rather than effectiveness. Policy performance in the local or national context (e.g.61

(Bennear and Coglianese 2005)) is usually assessed through quasi-experimental research62

designs and statistical analysis of differences among “treatment” and “non-treatment”63

groups (see US clean air study). But such studies require a wealth of data that often does64

not exist in the international context. In addition, the statistical approach to performance65

measurement is usually not based on a clear notion of what outcomes would be desirable.66

67

In this paper we develop a new methodology for estimating the performance (or68

effectiveness) of international policies (or regimes), building on previous work by69

(Underdal 1992; Helm and Sprinz 2000; Sprinz and Helm 2000; Hovi, Sprinz et al.70

2003). Our policy performance metric (we call it PER) is a function of the outcome that71

should ideally be reached (optimum), the performance of a given policy at the time of72

measurement (actual performance), and the outcome that would have occurred in the73

absence of this policy (counterfactual performance). The advantages of this measurement74

concept are fourfold: first, it makes explicit reference to optimal performance and thus75

problem solving; second, it focuses explicitly on the causal relationship between76

international policies and outcomes; third, it can be used to assess international policy77

performance at specific points in time in contexts marked by very little data, but also to78

assess performance dynamics over time in contexts where large amounts of high quality79

data exist; fourth, cooperative efforts can be disaggregated with reference to particular80

objectives, policy performance can then be measured for these objectives and aggregated81

or not.82
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83

To demonstrate the empirical relevance of this methodology we examine international84

problem solving efforts with respect to the Naryn / Syr Darya, a major international river85

basin in Central Asia. The emphasis is on the Toktogul reservoir, the main reservoir in86

the Naryn / Syr Darya basin, and its downstream effects. The biggest policy challenge in87

this case has been to design and implement international exchanges of water releases for88

upstream hydropower-production in winter and water releases for downstream irrigation89

in spring to autumn. We observe that the international regime in place since 1998 is90

generally characterized by low average performance and high variability. The summer91

and winter months are contributing to this high variability, whereas in spring and autumn92

performance is close to optimal.93

94

The remainder of the paper is organized as follows. In section 2 we introduce the basic95

measurement concept, as proposed in previous research, and discuss the problems of this96

concept. In section 3 we develop a new concept that solves the problems discussed in the97

preceding section. In section 4 we apply this concept to the Naryn / Syr Darya case. In98

section 4 we summarize the results and end with some observations on how the current99

regime could be improved.100

101

2. Basic Measurement Concept102

103

The international policy performance metric as proposed by (Underdal 1992; Sprinz and104

Helm 2000) is defined as105

106

i

AP CP
PER

OP CP

�
=

�
(1)107

108

where AP: actual performance, CP: counterfactual performance, OP: optimal109

performance.
1
This approach to measuring the performance (i.e., effectiveness) of110

international policies (or international regimes) is referred to by the authors as the ‘Oslo-111

Potsdam Solution’. The subscript i denotes the ith criteria with regard to which PER is112

assessed. In international water management, for example, such criteria may relate to113

hydropower production, irrigation water provision, and water quality. Generally, PER can114

be estimated in relation to any public demand addressed by a public policy.115

116

In effect, this equation captures the extent to which a given problem has actually been117

solved (AP-CP) relative to the problem solving potential (OP-CP). The first difference118

alone would only tell us that the relevant policy has had some effect. Only by adding the119

second difference (and OP in particular) do we gain information on the extent to which120

the problem has been solved. Moreover, adding the second difference facilitates121

comparisons across policies within and across policy-domains, and over time: provided122

we distinguish between maximizing and minimizing cases (see below) it sets a lower and123

upper bound and (with some exceptions) standardizes
i

PER values between 0 and 1.124

1 The parameter names we use differ from the original.



125

In the remainder of this section we highlight the most important problems of the basic126

measurement concept. The first problem is that the basic concept has, so far, not127

distinguished minimizing (min) and maximizing (max) cases. This can potentially lead to128

wrong results and, with that, misleading effectiveness scores.129

130

The problems stems from the fact that, surprisingly, the limiting behavior of
i

PER has131

not been systematically examined in other work to date. Let us address this omission132

quickly. We assume that [ ]{ , , } ,AP CP OP � �� � as well as AP CP= + �with133

[ ],�� �� � . Thus, the hypothetical limiting case can be assessed by134

135

lim
OP CP���

�
= ±�

�
(2)136

137

Note that in Equation (2), the limiting behavior depends on the sign of the difference138

OP CP� . Similarly,139

140

lim
OP CP����

�
= �

�
� (3)141

142

Such limiting behavior forces us to distinguish between two cases. In what follows, we143

denote the case where OP CP> as the max case and where OP CP< as the min case. In144

the max case, a policy is designed to maximize the value of a given outcome-variable,145

e.g. percentage or absolute reduction of some form of pollution or water provision for146

irrigation. Converse to that, in the min case, a policy is meant to minimize the value of a147

given outcome-variable, e.g. concentrations of some form of pollution. This means148

that
i

PER as given by Equation (1) is a strictly increasing or decreasing function149

respectively. Figure 1 illustrates these two types of cases (
i CP OP

PER
<

and
i CP OP

PER
>
).150

151

According to the definition of
i

PER and the actual value of AP, the following152

performance intervals can be identified both for the min and max cases. If153

CP AP OP� > in the min case or CP AP OP� < in the max case, then [ ]0,1
i

PER �
2
.154

More precisely,155

156

lim 1
AP OP

AP CP

OP CP�

�
=

�
(4)157

158

which indicates perfect policy performance. Converse to that,159

160

2 Note that the above definition implies CP OP> in the min case and CP OP< in the max case. We

therefore exclude cases where CP OP= . At such level and circumstances, policy-makers would probably

not initiate a new policy since any deviation from the status quo would affect the performance measure

negatively.
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lim 0
AP CP

AP CP

OP CP�

�
=

�
(5)161

162

which indicates that policy performance is nil. These results hold for both the163

maximization as well as the minimization case.164

165

We can, however, think of situations where policies produce outcomes that are less166

favorable compared to the counterfactual performance. Therefore, in the min case, we get167

168

lim
OP CP��+�

�
= ��

�
(6)169

170

since 0OP CP� < . Very similarly, with 0OP CP� > in the max case,171

172

lim
OP CP����

�
= ��

�
(7)173

174

Therefore, in such “management made things worse“ – situations, as given by Equations175

(6) and (7), [ ]0,
i

PER � �� .176

177

A conceptual problem with the definition of
i

PER arises because the basic measurement178

concept is not symmetric around OP (see Figure 1 and Figure 3). A simple example179

demonstrates why this is of relevance. Imagine, for example, that PER is assessed with180

regard to demand coverage. Let us assume that OP is equivalent to freshwater demand of181

a particular economic sector. Furthermore, we assume that AP OP= + � . By using182

Equation (1), it follows immediately that ( )1 /PER OP CP= ± � � . Obviously, if 0� <183

the allocated water is somewhat suboptimal and thus 1PER < . This corresponds to184

( )
i

PER AP a= in Figure 1. Conversely, if 0� > , too much water is allocated to a185

particular sector and hence wasted ( ( )
i

PER AP c= in Figure 1). Yet, for the latter case,186

we calculate 1PER > , which would suggest that wasting resources in allocating ‘too187

much’ is preferable over the allocation of ‘too little’. However, both conditions are188

clearly undesirable, if only from an economic point of view (see Figure 1). Similar189

arguments could be made in regard to policy performance in other areas where policies190

may over-supply public (or collective) goods. PER thus fails to provide meaningful191

results in such situations and its application necessitates an arbitrary scaling of observed192

values to an ordinal scale (e.g. (Rieckermann, Daebel et al. 2006)). However, the latter193

approach introduces additional uncertainty by the ad-hoc assignment and scaling of the194

parameter values.195

196
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Figure 1: Conceptual difference of max and min cases in estimating
i

PER . Given CP and198

OP at a specific time t, PER is simply an increasing (CP OP< ) / decreasing (CP OP> )199

function of AP.200

201

The second problem is that the basic measurement concept may lead to ad hoc integral202

assessments over time and to wrong conclusions, as shown in Figures 2 and 3. The203

estimation of
i

PER at time 1t t= leads to the value b as highlighted in Figure 3. If
i

PER204

is assessed at time 2t t= , performance c is obtained, which clearly differs from the205

performance value b . Policy performance, however, usually varies in time since public206

management efforts include time-varying state and demand variables. Imagine for207

example, that one tries to assess post-impoundment impacts of a large dam project over a208

period of 50 years. Assume, furthermore, that the catchment initially benefits from the209

hydropower production resulting from the dam project. The negative downstream effects210

to soil as well as deltaic systems, however, accumulate in time and gradually start to211

show after only some decades after which related services to society may have212

completely vanished. If performance is viewed as a measure related to demand coverage,213

initial hydropower demand may have been fully met (PER = 1). But subsequent demand214

coverage in respect to downstream environmental services would have experienced a215

dramatic decline. Any assessment of PER at a certain time would therefore only provide a216

partial picture of performance.217

218

In other words, measurement of PER must pay attention to time dependence (see the219

water engineering literature for other performance criteria that account for time (Kjeldsen220

and Rosbjerg 2004)). This critique is also put forth by Young (2001) who states that a221
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static mode of reasoning leads to ad hoc assessments and introduces arbitrariness. We222

view the lively debate that followed Young’s critique as an expression of the need for223

ongoing academic research in the respective field (Hovi, Sprinz et al. 2003; Hovi, Sprinz224

et al. 2003; Young 2003; Sprinz 2005).225

226

In Section 3, we address all of the aforementioned problems in greater detail.227

228

229

Figure 2: Stylized development of ( )AP t , ( )CP t and ( )OP t over time.
AP

� and
CP

� as230

defined in Equation (9) are shown at different times 1t and 2t .231

232

233

Figure 3: Stylized development of
i

PER and *

i
PER as time dependent function of the234

stochastic processes as depicted in Figure 2. Clearly, 1 2( ) ( )
i i

PER t PER t� . Note that235

( ) 1
i

PER t > during a certain time interval, which would lead us to assume falsely that236

during such wasteful allocation the performance of the investigated measure is highest.237

238



3. Upgraded Policy Performance Concept239

3.1 Definition240

241

We propose the definition of a performance measure, given by242

243

( )
( ) ( )

( ) ( )

* 1
i

AP t OP t
PER t

CP t OP t

�
= �

�
(8)244

245

where ( )
*

i
PER t is a measure of management performance at a certain time t . If we use246

the notation ( ) ( ) ( )AP
t AP t OP t� = � and ( ) ( ) ( )CP

t CP t OP t� = � , then Equation (8)247

becomes248

249

( )
( )

( )

2

2
1 AP

i

CP

t
PER t

t

�

�

�
= � (9)250

251

by the definition of the absolute value. Since we assume252

( ) ( ) ( ) [ ]{ , , } ,AP t CP t OP t � �� � , it follows immediately ( ) ( ){ } [ ], ,
AP CP
t t� � � �� � .253

254

According to Equation (9), ( )
*

i
PER t is defined as long as 0

CP
� � . Depending on the255

signs of ( )AP
t� and ( )CP

t� , Equation (9) is equivalent to256

257

( )

( )

( )
( )( ) ( )( )

( )

( )
( )( ) ( )( )

1 , if sign sign 0

1 , if sign sign 0

AP

AP CP

CP

i

AP

AP CP

CP

t
t t

t
PER t

t
t t

t

�
� �

�

�
� �

�

�

�
+ <�

�
= �

�
� >

�
�

(10)258

259

If ( )( ) ( )( )sign sign 0
AP CP
t t� � < , either ( ) 0

AP
t� < and ( ) 0

CP
t� > or ( ) 0

AP
t� > and260

( ) 0
CP
t� < holds. Similarly, ( ) 0

AP
t� < and ( ) 0

CP
t� < or ( ) 0

AP
t� > and ( ) 0

CP
t� > so261

that ( )( ) ( )( )sign sign 0
AP CP
t t� � > . Converse to

i
PER , ( )

*

i
PER t measures performance262

relative to optimal performance OP at a specific observation time t . Note that ( )
*

i
PER t263

is symmetric around OP (see Figure 4).264

265

266
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3.2 Limiting Behavior266

267

The definition of ( )
*

i
PER t involves the absolute values of the differences between AP(t)268

and OP(t) as well as CP(t) and OP(t). The conceptual difference that was necessary to269

account for while dealing with PER vanishes, i.e. the cases of CP AP OP� > and270

CP AP OP� < can be treated mathematically in a similar way. To see this, we explore271

the limiting behavior of ( )
*

i
PER t .272

273

For optimal management, i.e. AP OP= , we obtain274

275

( )

( )

( )

2

20
lim 1 1
AP

AP

t
CP

t

t�

�

��

� �

� 	� =
� 	
� 


(11)276

277
If performance is nil, i.e. AP CP= ,278

279

( ) ( )

( )

( )

2

2
lim 1 0

AP CP

AP

t t
CP

t

t� �

�

��

� �

� 	� =
� 	
� 


(12)280

281

282

Finally, the hypothetical worst case scenario is defined by283

284

2

2
lim 1
AP

AP

CP
�

�

��±�

� 	

� = ��� 

� 

� �

(13)285

286

Hence, and compared to PER, the use of ( )
*

i
PER t does not force us to take into account287

conceptual differences between maximization and minimization cases. Furthermore,288

wasteful management, i.e. situations where ( ) ( )AP t OP t> in the min case and289

( ) ( )AP t OP t> in the max case are no longer rewarded.290

291

292



293

Figure 4: The maximum of *

i
PER occurs at AP OP= . Suboptimal performance, i.e.294

either too much or too less of AP , leads to ( )
*

i
PER t a= with 1a < . Note that time295

subscripts have been omitted in the Figure for clarity.296

297

3.3 Accounting for Temporal Development and Variation298

299

Successive observations in times series data are usually not independent of each other.300

Effectively, each observation for the measured variable is a bivariate observation with301

time as the second variable. Variations in time can for example be caused by seasonal302

variations, trends and irregular fluctuations, or a combination of the above. Most series303

are stochastic in that future values are only partly determined by past time-series values.304

Simple examples include stochastic rainfall, recharge and runoff processes (for an305

example, see Figure 6) as well as future per capita and sectoral demand developments.306

307

In our context, we regard the time series AP(t), CP(t) and OP(t) (as well as the derived308

( )AP
t� and ( )CP

t� ) as finite realizations of the underlying stochastic processes. In the309

subsequent analysis, we restrict our attention to stationary processes
3
. Our goal is to310

provide a general, yet easy approach to the characterization of our performance measure311

over a certain period of time by making use of basic concepts and definitions of312

probability theory and statistics. In doing so, we neither assume knowledge of the313

underlying probability distribution functions nor of the stochastic processes that314

eventually produce the realizations ( )AP
t� and ( )CP

t� .315

316

3 A process is stationary if the properties of the underlying model do not change. Precipitation patterns need

not be particular realizations of stationary processes since, for example, climate change can affect the

underlying model. However, the time horizon for performance assessment is short compared to such model

changes and is therefore neglected.
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Let us use a first-order Taylor approximation to linearize Equation (9) around the mean317

CP
�

μ of ( )CP
t� assuming that ( )CP

t� is sufficiently well behaved in the neighborhood of318

CP
�

μ . Hence, we get319

( )
( )

( )( )
( )

( )

2

22 2

2
1

CP

CP

Abs

CP

CP CP

AP

CP

AbsAP

i CP

t
t

t
PER t O t

�

�

�

� �

�
� μ

μ�
� μ

μ μ

�

�

� �= + � + �
� �

(14)320

321

We define two new random variables, ( ) ( )
Abs

AP AP
t t� �= and ( ) ( )

Abs

CP CP
t t� �= with322

( ) [ ], 0,Abs

AP CP
t� � � so that Equation (14) can be simplified to323

324

( )
( ) ( ) ( )

2

2
1

Abs Abs

CP CP

Abs Abs Abs

AP AP CP

i

t t t
PER t

� �

� � �

μ μ

�
� � + (15)325

326

Note that the second order terms ( )
2

Abs

CP

Abs

CP
O t

�
� μ� ��
� �

have been dropped in this327

approximation of Equation (14). Hence, for an approximation of the expected value of328

( )
*

i
PER t we get329

330

2

1
1 Cov( , )

Abs

AP

Abs Abs

CP CP

Abs Abs

i AP CP
PER

�

� �

μ

� �
μ μ

�
= � + (16)331

332

where Cov( , )Abs Abs

AP CP
� � denotes the covariance of the time series Abs

AP
� and Abs

CP
�

4
. Taking333

the covariance into account is relevant in many cases. Imagine for example pre- and post-334

impoundment runoff in a river. Depending on the management of the constructed dam,335

pre and post flow regimes are still correlated to variable degree
5
. The magnitude of such336

covariance depends on the variances 2
Abs

AP
�

� and 2
Abs

CP
�

� . If Abs

AP
� and Abs

CP
� are entirely337

uncorrelated, then Cov( , ) 0Abs Abs

AP CP
� � = . Note that 1

i
PER

�
< since 0Abs Abs

AP CP
� �

μ μ > .338

Furthermore,
i

PER
�
is not defined for 0Abs

CP
�

μ = which would again correspond to the339

situation described in Footnote 1. Finally, in the case of optimality, i.e. AP(t)=OP(t),340

1
i

PER
�
= since ( ) 0Abs

AP
t� = for all t and hence 0Abs

AP
�

μ = and therefore341

Cov( , ) 0Abs Abs

AP CP
� � =

6
.342

4 The derivation of the expectation values is shown in Appendix A.
5 See also Section 4 for a real world example of pre- and post-impoundment flow correlation.
6
The latter can be easily shown by noting that

( ) ( ) ( ) ( ) ( )Cov( , ) 0 0 0Abs Abs Abs Abs Abs Abs Abs Abs

AP CP AP CP AP CP CP CP
t t t t t� � � � � � � μ= � � = � � � = .



Similarly, the variance
7
of ( )

*

i
PER t is approximated by343

344

( )( )

2

4 2 2 2 24 Cov( , ) Cov( , ) 2

i

Abs Abs Abs Abs Abs Abs Abs

CP CP AP AP CP AP CP

PER

Abs Abs Abs Abs

AP CP AP CP� � � � � � �

�

μ μ � μ � � � � � μ μ

�

�

=

� � +

(17)345

346

(Young 2001) states that procedures involving counterfactual analysis to assess347

international regime effectiveness (i.e. international policy performance) have rarely been348

applied in a transparent and systematic fashion. According to him, they have relied too349

much on subjective judgments in scoring individual cases based on simplistic categories.350

We submit that the upgraded measurement concept presented above addresses the most351

important shortcomings of the approach proposed by (Sprinz and Helm 2000). In the352

remainder of this paper, we demonstrate the empirical relevance of the concept with a353

case study on international water management.354

355

4. Application to International Water Management356

357

We begin with a description of the case to be studied: the Naryn / Syr Darya river basin358

in Central Asia, and the Toktogul reservoir in particular. We then present the results of an359

ex post assessment of international policy performance in this case.360

4.1 Naryn / Syr Darya Basin and Toktogul Reservoir361

362

The Naryn / Syr Darya river system is part of the Aral Sea basin; the other main river of363

this basin is the Amu Darya. The size of the Aral Sea basin is approx. 1.55 million km
2
,364

its population around 40 million – i.e. population density is rather low. Figure 5 provides365

an overview. The economies of the Naryn / Syr Darya’s riparian countries (Kazakhstan,366

Kyrgyzstan, Uzbekistan, Tadjikistan, Turkmenistan) are heavily dependent on irrigated367

agriculture (with shares of 40 – 50 % of GDP in 1960-1990, and around 20-30%368

thereafter). Farming employs about 60 % of the rural population and 25-60% of the total369

labor force (World Bank 1996, Dukhovny and Sokolov). Most water for irrigation is370

abstracted from the two Daryas. While some upstream parts of the basin are mountenous371

and humid, the mid- and downstream areas are arid (low and irregular precipitation, large372

daily and seasonal temperature differences, high solar radiation, low humidity). Over the373

past 40 years, excessive water withdrawals have led to a drastic shrinkage of the Aral374

Sea; the latter receives all its water from the two Daryas. The Aral Sea has thus been375

reduced to around 25% of its original volume and has received worldwide attention as an376

ecological disaster zone (Dukhovny and Sokolov).377

378

The Syr Darya river originates as the Naryn river in the mountains of Kyrgyzstan (see379

Figure 5). It then flows through Uzbekistan and Tadjikistan and ends in the Aral Sea in380

Kazakhstan (total length around 2800 km). In total, approximately 20 million people381

7 The derivation of the variance is given in Appendix B.
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inhabit this river catchment which covers an area of ca. 250’000 km
2
. The river is mainly382

fed by snowmelt and water from glaciers. The natural runoff regime, with a mean annual383

flow of around 23.5–51 km
3
(around 40 km

3
in the past few years) is characterized by a384

spring / summer flood. It usually starts in April and peaks in June. Around 93% of the Syr385

Darya’s mean annual flow is regulated by storage reservoirs. Around 75 % of the run-off386

stems from Kyrgyzstan (Dukhovny and Sokolov). Water abstraction from the Syr Darya387

basin is mainly for irrigated farming. Of the approx. 3.4 million ha of irrigated farm land388

around 1.7 million ha is irrigated with water taken directly from the river. Figure 6 shows389

the time series of the Naryn / Syr Darya river flow over the last 72 years as measured at390

Uch Kurgan gauge station, Uzbekistan.391

392

393

Amasai
Depression

Chardara
Reservoir

KairakumReservoir

Naryn /SyrDarya
Cascade

Toktogul
Reservoir

NarynRiver

Fergana Valley

SyrDarya
River

SyrDarya
River

SyrDarya
River

N

UchKurgan
gauge

394

Figure 5: This map shows the part of the Naryn and Syr Darya catchment that is of most interest in this395
paper. The Uch Kurgan gauge station is located in the center of the map.396

397

As highlighted in Figure 6 the run-off regime of the Naryn / Syr Darya, as measured at398

the foot of the Naryn / Syr Darya cascade right after the river enters Uzbekistan from399

Kyrgyzstan, varies strongly over time. It is marked by four distinct periods. The first400

substantial change in flow patterns came with the Toktogul reservoir in 1976 (though401

some smaller reservoirs downstream, notably the Kairakkum and Chardara reservoirs,402

had been put in place earlier). The Toktogul reservoir is by far the largest storage facility403

in the Aral Sea basin. It came into operation in 1976 after a 14 year construction phase. It404

has 14 km
3
effective capacity, 8.7 km

3
firm yield and a full capacity of ca. 19.5 km

3
. The405

reservoir area is around 280 km
2
, its length around 65 km.

8
Hydropower capacity of the406

Toktogul power plant is 1’200 MW, i.e. the second biggest in the Aral Sea basin (see407

(Antipova,E., A. Zyryanov, et a. 2002)).408

8 Total usable reservoir capacity in the Syr Darya basin is around 27 km3.
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The time-period 1976–1991 was characterized by centralized management of the river410

system by the former Soviet Union. This management system was oriented primarily411

towards adequate water provision for irrigated agriculture (above all, cotton production)412

in Uzbekistan and Kazakhstan. In the early 1980s, two basin water organizations (BWO)413

were added to this system; the one for the Naryn / Syr Darya was set up in Tashkent,414

Uzbekistan. Their mandate was to operate and maintain all head water structures with a415

discharge of more than 10 m
3
/s. This management system and its infrastructure was fully416

funded from the federal budget of the USSR. In consultation with the governments of the417

five republics and based on forecasts by the Central Asia Hydromet Service, the ministry418

of water resources (Minvodgoz) in Moscow defined annually (based on a multi-year419

master plan for each river system) how much water was to be released for irrigation420

during the growing season (April to September) to each water management region. The421

BWOs were responsible for implementing the water allocations and maintaining the422

infrastructure. The also had the authority to increase or reduce allocations to each country423

by up to 10%. The electricity produced at Toktogul during that period went into the424

Central Asian Energy Pool (CAEP) and was thus shared among the riparian republics. In425

exchange, the neighboring republics supplied coal, oil, and natural gas to Kyrgyzstan in426

winter to cover her increased energy demand during the colder months. The fossil fuel427

was used primarily in the thermal power plants in Bishkek and Osh. (Cai, McKinney et428

al. 2002).429

430

431

Figure 6: Mean monthly flow of Naryn / Syr Darya River at Uch Kurgan gauge from January 1933 to432
February 2006. The four different flow regimes, i.e. pre-Toktogul (1933 – 1975), USSR Naryn – Syr Darya433
cascade management (1976 – 1991), post-USSR operation (1992 – 1998) and ICWC agreement regime434
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(1998 – today) are clearly distinguishable in the time-series. Data Sources: Global Runoff Data Center435
(GRDC) and Andrey Yakovlev, Head of the Department of Operational Hydrology of the Uzbek436
Hydrometeorological Service, Uzbekistan.437

438

The collapse of the Soviet Union in 1991 led to the breakdown of centralized water439

resources management and water-energy tradeoff arrangements, causing serious disputes440

between the states over water allocation issues (see Figure 7 for a timeline of key events).441

Coal, oil, natural gas, and electricity supplies to Kyrgyzstan declined dramatically442

between 1991 and 1998, and so did the thermal and electric power output of Kyrgyz443

thermal power plants (TPP).
9
Consumers thus turned to electricity, which increased444

winter demand by more than 100%. Purchases of energy from abroad are difficult445

because the government has been (for political and administrative reasons) unable to raise446

and collect appropriate energy tariffs. Moreover, financial contributions from Moscow447

and the former republics in the basin for the maintenance of the reservoir ceased. In448

response to the sharp drop in thermal power output and rising winter demand for449

electricity, Kyrgyzstan switched the operation of the Toktogul reservoir from irrigation to450

power production mode. As of winter 2003/2004 the flow peaks no longer occur in451

summer but rather in winter, as indicated by the bent arrow in Figure 6. Since 1992452

winter spills from the river into the desert have damaged infrastructure and land resources453

in Uzbekistan. They have also deprived the Syr Darya delta and the northern part of the454

Aral Sea of water, and they have reduced the potential for water releases for irrigation455

during the vegetation perid. Ever since 1991 the riparian countries have been struggling456

to re-establish an effective management scheme (Savoskul, Chevnina et al. 2003).457

458

Upstream interests deriving from temporal water demands are diametrical to downstream459

water demands and interests. Kyrgyzstan uses very little water consumptively, i.e. for460

irrigation. But it is interested in producing hydro-electricity at the Toktogul electric461

power plant, particularly in winter when energy demand is higher (Kyrgyzstan has no462

fossil fuel sources of its own). This interest has become ever stronger as the downstream463

countries have cut back on energy supplies to Kyrgyzstan (see above). Kyrgyzstan also464

views electricity production as a potential export commodity. Kyrgyzstan is thus eager to465

store water in spring to autumn and release it in winter to spring for energy production.466

Conversly, downstream Uzbekistan and Kazakhstan, by far the largest consumers of467

irrigation water in the river basin, are interested in obtaining much more water during the468

growing season (April to September) than in the non-growing season (October to March).469

They are also interested in electricity produced upstream through water release during the470

growing season for operating irrigation pumps. Moreover, from the perspective of471

downstream countries, water releases in winter should be rather low, for high flows may472

cause floods because ice in the river bed reduced water flow capacity (Savoskul,473

Chevnina et al. 2003). The principal problem to be solved thus pertains to coordinating474

the management of the Naryn / Syr Darya cascade of reservoirs that are located entirely475

in Kyrgyzstan, and in particular the handling of tradeoffs between consumptive water use476

for downstream irrigation purposes and non-consumptive use for upstream energy477

production in Kyrgyzstan.478

9 Thermal power output in Kyrgyz TPPs between 1991 and 1998 declined from 5.8 Gcal. to 2.1 Gcal.

Electric power output decreased from 3.9 to 1.0 MkWh.
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In February 1992 the five newly independent states set up the Inter-State Commission for480

Water Coordination (ICWC). This Commission has four bodies: its secretariat, the two481

BWOs for the Aral Sea basin, and the Scientific Information Center. In 1993, the482

International Fund for Saving the Aral Sea was added to the ICWC.
10
The five countries483

agreed to keep the water allocation principles of the former USSR system in place until a484

new system could be established, albeit without the funding for the infrastructure that had485

formerly come from Moscow. The most important hydrolic structures, and in particular486

the biggest reservoirs in the basin (including the Toktogul), were not put under the487

control of the BWOs (i.e. they were de facto nationalized by the newly independent488

countries and largely transferred to their national energy agencies).489

490

In summary, the time-period of 1991 – 1998 (see below) is marked by a collapse of the491

formerly centralized basin management system and, prima facie, very little success in492

establishing an effective new international management system that would allow for493

exchanges of resources among Kyrgyzstan (which is rich in water but poor in fossil fuels)494

and downstream countries (which are poor in water but richer in fossil fuels). The BWOs495

lost much of their authority and operational capacity.496

497

A series of declarations by the riparian countries and attempts by European and North-498

American governmental agencies to help in the problem-solving effort produced only499

minimal progress. In 1995, for example, sponsored by the European Union, a water500

resources management information system and a water use and farm management system501

were set up. However, in March 1998, under the aegis of the Executive Committee of the502

Central Asian Economic Community and assisted by USAID, Kazakhstan, Kyrgyzstan,503

and Uzbekistan signed a formal agreement. In 1999 Tajikistan joined this agreement.
11

504

505

The 1998 agreement sets the following water release schedule for the Toktogul reservoir506

in 1998:507

January 495 m3/sec

February 490 m3/sec

March 300 m3/sec

April 230 m3/sec

May 270 m3/sec

June 500 m3/sec

July 650 m3/sec

August 600 m3/sec

September 190 m3/sec

508

No indications are given for the time-period of October to December. However, the aim509

of the parties is to also prevent flooding of areas in the mid- and downstream Syr Darya510

sections. So we may presume that water releases of no more than 200 m3/sec in that511

period would seem reasonable.512

513

10 http://www.icwc-aral.uz/
11 http://ocid.nacse.org/cgi-bin/qml/tfdd/treaties.qml
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The agreement (consisting of two separate formal treaties) is set up as a more general514

framework agreement and a specific barter agreement on energy-water exchanges in515

1998. The specific agreement holds that i the growing season (April 1 – October 1),516

Kyrgyzstan agrees to supply 2.2bn kWh of electricity to Kazakhstan and Uzbekistan517

(1.1bn kWh each). Kazakhstan and Uzbekistan, in turn, agree to deliver specific amounts518

of electricity, natural gas, fuel oil, and coal to Kyrgyzstan in specific months under519

conditions set forth in bilateral agreements concluded already in 1997. Compensation can520

also be carried out in the form of “other products” (labor and services are mentioned) or521

money. Possible adjustments to the barter deal can be performed by the BWO Syr Darya522

and UDC Energia in agreement with the interested countries. Kyrgyzstan agreed to cut its523

energy consumption by 10% against 1997 levels. The framework agreement, also524

concluded in March 1998
12
, holds that these exchanges will subsequently be defined525

annually through negotiations. It installs the BWO Syr Darya and UDC Energia as the526

implementing agencies for the release schedules and energy transfers, pending the527

establishment of a new International Water and Energy Consortium. In 2003 the528

agreement was automatically extended for another five years.529

530

In other words, the water management system put in place in 1998 holds that during the531

vegetation period Kyrgyzstan releases more water than it needs for its own hydro-power532

demands, and that the energy surplus is distributed to Kazakhstan and Uzbekistan. In the533

non-growing period (October 1 – April 1) Uzbekistan and Kazakhstan supply Kyrgyzstan534

with energy resources in amounts that are approximately equivalent to the electricity they535

receive from Kyrgyzstan during the growing season. The exact amounts of water and536

energy are defined annually through negotiations among the countries. Typically,537

Kyrgyzstan has been scheduled to release around 6.5 km
3
of water during the vegetation538

period and transfer around 2.2 M kWh of electricity to Uzbekistan and Kazakhstan.539

540

4.2 Assessment of Performance541

542

Based on the methodology developed in section 3 we now assess the performance of the543

international water management system introduced in 1998. Figure 6 reveals four distinct544

periods of management. These periods are characterized by differing flow regimes that545

are associated with the timeline of political events as portrayed in Figure 7.546

547

During the phase of natural runoff (1933–1975), mean flow was 388 m
3
/s, with a high548

variability in summer (for the latter, see �(natural runoff regime) in Appendix D, Table549

3). In this period, the high variability is entirely determined by climatic variability (see550

also Figure 6). In the period of centralized water resources management under USSR rule551

(period 1, 1976–1990), the mean flow was reduced to 311 m
3
/s mainly due to the filling552

of the Toktogul reservoir
13
. The characteristics of the yearly averages do not substantially553

differ from the undisturbed regime, with a summer discharge peak and winter low flow.554

12 http://ocid.nacse.org/cgi-bin/qml/tfdd/treaties.qml
13 If we assume an average of 14 km

3
dam storage volume to be filled at a rate of 70 m

3
/s (which is the

difference in mean flow between the undisturbed regime and management period 1), we obtain an

approximate filling time of 6.3 years.



Yet, due to the filling of the reservoir, the summer peak is less pronounced. This555

characteristic flow pattern changes after the breakdown of central governance as can be556

seen by looking at the curve μ(P3) in Figure 6. As discussed above, the increased557

hydropower demand in upstream Kyrgyzstan led to a pronounced increase of reservoir558

water releases in the winter months. The somewhat reduced monthly variability in flow559

(see �(Period 3) in Appendix D, Table 3) characterizes the unilateral upstream560

management of the Syr Darya runoff. Finally, after the implementation of the 1998561

agreement, monthly flows appear to reflect the tradeoffs made in that agreement. During562

this time-period, average flow is 396 m
3
/s, with a considerable decline in monthly563

variability.564

565

566

Figure 7: Timeline of events. OP: period of optimal performance (16 years); CP: period of counterfactual567
performance (7 years); AP: actual regime performance (8 years).568

569

In the following, we start with the assumption that the centralized management approach570

during Soviet times amounts to optimal performance OPS(t), for at that time diverging571

upstream and downstream interests were successfully addressed. Clearly, from the572

perspective of the Aral Sea problem, this period has hardly been optimal
14
. Consequently,573

we employ a second notion of optimality, which emphasizes sustainability of natural574

resources management on the basin scale (including soil, surface and subsurface water575

resources, see (McKinney, Cai et al. 1999; Cai, McKinney et al. 2003)). Note that576

�(optim.) in Figure 8 is not actually observed but rather the result of a simulation-577

optimization approach that we denote as OPC(t). The period of breakdown of the578

centralized management system in 1992–1998 is defined as counterfactual performance,579

i.e. CP(t). Finally, the current flow regime is denoted as actual performance AP(t).580

581

14 Young (2001) argues that the agreed upon notion of what is the optimum with reference to which

performance is assessed must not necessarily be based on an objective notion, but rather depends on an

understanding of the nature of the problem and the options available for solving the problem.
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582
Figure 8: Monthly long-term average flows at the Uch Kurgan gauge (based on data from GRDC and583
Andrey Yakovlev). The data on flow variability for the corresponding months and regimes is plotted in584
Figure 9, the numeric data can be found in Appendix D, Table 3. See text for further explanation. The585
monthly data �(optim.) are calculated optimal releases from the Naryn / Syr Darya Cascade. Optimization586
was carried out with a coupled hydrologic-agronomic-economic model on the basin scale (Cai, McKinney587
et al. 2003).588

589

To calculate
i

PER
�
and 2

i
PER

� �
, as discussed in Section 3.3, we need to estimate the590

sample means � ( )Abs

AP
�

μ
•
, � ( )Abs

CP
�

μ
•
, the variances �

2

( )Abs

AP
�� • , �

2

( )Abs

CP
�� • as well as the covariances591

� ( ) ( )( , )Abs Abs

AP CP
� � �• • (see Appendix C, Equations (23), (24), (25) and (26)). Note that in592

the above notation, ( )• is a placeholder for both, OPS(t) and OPC(t). The values of593

( )
Abs

AP
S� , ( )

Abs

AP
S� , ( )

Abs

AP
S� and ( )

Abs

AP
S� are provided in Appendix D,594

Tables 3 – 6.595

596



597

Figure 9: Monthly flow variation is calculated over the respective regime period lengths. Generally, human598
river regulation has led to an overall decline of monthly flow variability. This decline is most pronounced599
in the undisturbed summer months, i.e. June – August. See also Figure 8 for monthly mean flows.600

601

The fact that we are dealing with times series of unequal length forces us to choose a602

maximal management period interval for our analysis
15
. Period 2, i.e. CP(t), lasted for 7603

years and is the shortest management period identified. Hence, AP(t) and OPS(t) are604

truncated accordingly. We choose the interval 1998-2004 for AP and 1984 – 1990 for605

OPS(t)
16
. The estimated values for the mean and variance are shown below in Table 1.606

For the covariances, we obtain � ( ) ( )( , ) 11854.6Abs Abs

AP CP
S S� � � = and607

� ( ) ( )( , ) 1149.0Abs Abs

AP CP
C C� � � = correspondingly.608

609

( )
Abs

AP
S� ( )

Abs

CP
S� ( )

Abs

AP
C� ( )

Abs

CP
C�

μ 260.3 198.5 155.4 120.4

�
2

26505.9 17085.8 6034.9 7118.4

Table 1: Estimated sample mean and variance. The times series AP(t) and OPS(t) have been truncated to 7610
years for the sample estimations of the mean, variance and covariance values

17
.611

612

15 An alternative approach would be to calculate monthly averaged fluxes for OPS, CP and AP as they are

shown in Figure 8. However, the loss of temporal information introduces an estimation error into the

sample values of mean, variance and covariance.
16 This ensures also that we remove the trend effect in OPS that is due to the filling of the Toktogul reservoir

(see also Footnote 13).
17
OPC as given in (Cai, McKinney et al. 2003) is provided as monthly averaged series of values. In the

calculations based on this computed optimum, we simply assume that the monthly values of OPC do not

change over the period of assessment (7 years).
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Finally, we calculate the regime performance and its variance. The results are displayed613

in Table 2.614

615

i
PER

� 2

i
PER

� �

OPS -0.01 1.07

OPC -0.21 0.64

Table 2: Average regime performance and variance with reference to OPS and OPC respectively. The616
calculations are based on the values presented in Table 1.617

618

5. Conclusion619

620

In a recent review of existing approaches to the measurement of international regime621

effectiveness, (Sprinz 2005) identifies several issues that should be addressed in future622

research in this area. One of the key issues is inter-temporal comparison and assessment623

of performance. As discussed in Section 2 and illustrated in our case study, non-regime624

counterfactuals (counterfactual performance) as well as optima change over time and625

over variable scales (monthly to decadal variations). Sprinz addresses this problem by626

setting absolute upper and lower bounds between which AP, OP and CP may vary in627

time. In our view, this approach does not solve the problem.628

629

First, absolute lower and upper bounds depend on the policy problem at hand and are630

hard to identify in a reliable fashion. One example is an environmental bad, where OP=0631

will inevitably lead to the highest welfare. Yet, in many other cases, these bounds are632

unclear and/or contested – examples include upper bounds of carbon dioxide633

concentrations in the atmosphere or the identification of an optimal surface water runoff634

level that obviously varies seasonally and according to downstream consumptive use.635

Sprinz (2005) notes this problem, but simply refers to sensitivity analysis to assess the636

robustness of the calculated performance level. This is clearly not enough. Second, such637

an approach does not solve any of the other problems mentioned in Section 2.638

639

The methodology proposed in this paper addresses these gaps more systematically. It640

deals in a transparent and tractable way with the fact that AP, CP and OP are time641

dependent variables that relate to a particular international policy (or regime) and642

particular realizations of underlying stochastic processes. To the extent that times-series643

data of reasonable quality for policy outcomes is available, our methodology can be644

applied to virtually an international (and also national or local) policy or international645

regime to study its performance (or effectiveness).646

647

To illustrate the empirical relevance of the methodology, we carried out an ex post648

performance assessment of the international regime for managing the Naryn / Syr Darya649

river basin (with a focus on the Toktogul reservoir in Kyrgyzstan). The results show that650

this regime is generally characterized by low average performance and high variability651

(see
i

PER
�
and 2

i
PER

� �
in Table 2). In looking at monthly averages runoff graphs shown652



in Figure 8, we note that the summer and winter months are contributing to this high653

variability, whereas in spring and autumn performance is close to optimal.654

655

Low average performance and high variability are certainly a major problem in the Naryn656

/ Syr Darya regime. But this does not mean that the 1998 agreement per se is the wrong657

approach or obsolete. Performance could undoubtedly be improved with reference to the658

optimal water release schedule OPC(t). This could be achieved by adjusting AP(t) closer659

to OP(t) – see the definition of
i

PER
�
and Equation (16). To that end, either Abs

AP
�

μ can660

be reduced and/or Cov( , )Abs Abs

AP CP
� � can be increased. However, in our specific case of661

international river management through reservoir operation average discharge Abs

AP
�

μ is662

much harder to control since this quantity cannot be increased or decreased significantly663

unless new dams are constructed or existing ones are decommissioned (see also below). It664

is likely to be easier to reduce temporal flow variability.665

666

In practical terms, international efforts sponsored by the World Bank, USAID, the EU,667

and other actors have focused on three types of problem-solving strategies. First,668

technical aid to the riparian countries has focused on forecasting of seasonal runoff based669

on precipitation estimates for the upstream parts of the basin (e.g. Schär et al. 2004) as670

well as decision support and operational planning tools for reservoir management and671

water-energy exchanges among the riparian states
18
. Better predictions of water672

availability in the upstream catchment and of water demand by Uzbekistan and673

Kazakhstan well ahead of the growing season
19
could be helpful in designing fixed674

operating rules for the Toktogul reservoir and well-structured and transparent exchanges675

of water and energy. That is, these tools could lower the transaction costs that, under the676

international regime currently in place, inhibit multi-year planning and effective677

implementation of international commitments.678

679

Second, tensions among the riparians could be alleviated if irrigation efficiency680

downstream and energy efficiency upstream were increased – this would reduce the inter-681

temporal divergence of up- and downstream interests in respect to water releases from the682

Toktogul reservoir. Return flows of 13.5 to 5.5 km
3
per year suggest that only around 40-683

50% of water withdrawals downstream (mainly for irrigation) are fully consumptive. This684

suggests a lot of room for improving the efficiency of water consumption through well-685

known irrigation technologies. This would clearly reduce net irrigation abstraction. It686

would thus allow for reduced water releases from the Toktogul reservoir in the growing687

season (which would save water for electricity production in winter) and could help in688

reducing the pollution problem associated with return flows. Alternatively, if at higher689

levels of irrigation efficiency downstream water releases in the growing-season were not690

reduced this would provide more water for the Aral Sea. As to energy efficiency691

upstream, the Kyrgyz energy system is highly inefficient, with losses of 40% and more.692

This is partly a technical problem, but partly also a problem of government693

18 http://www.usaid.gov/locations/europe_eurasia/car/briefers/transboundary_water.html
19 One of the complicating factors is that, since the demise of the USSR, crop patterns in the downstream
catchment are changing (mostly away from cotton and towards cereals and other crops).
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mismanagement, corruption, and the general economic crisis in Kyrgyzstan (which is694

harder to deal with). Moreover, increasing energy efficiency will not automatically lead695

to less electricity production by Kyrgyzstan in winter and therefore less water releases696

from the Toktogul reservoir in the non-growing season (the preferred outcome from697

downstream countries’ perspective). Kyrgyzstan may simply wish to export the energy698

surplus thus obtained in winter in order to generate foreign earnings. In other words,699

increasing irrigation and energy efficiency may create unintended, perverse incentives700

that need to be dealt with.701

702

Third, structural changes to the current hydraulic system, notably construction of the703

socalled Kambarata 1 and 2 projects upstream of the Toktogul, could allow Kyrgyzstan to704

increase hydropower production while maintaining capacity in the Toktogul reservoir for705

water releases in the growing season. Such a solution would, therefore, be beneficial for706

up- and downstream countries. However, plans for the Kambarata project were developed707

already under Soviet rule, but have so far floundered because of great uncertainty over708

the financial viability of such a project.709

710



Appendices710

Appendix A – Derivation of Expected Value of PERi
*

711

712

The expected value as denoted by Equation (16) is easily obtained in the following way:713
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716

Appendix B – Derivation of Variance of PERi
*

717

718

According to standard textbook definition, we have719

720
2

2 2

i
i iPER

PER PER� �

� �
= � (19)721

722

In the case of similar signs of both,
AP

� and
CP

� , and by utilizing the result from723

Equation (16), we get724
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727

Unfortunately, the variance of '

i
PER cannot be determined without knowledge of the728

underlying probability distribution functions of AP , CP and OP since third and fourth729

order moments have to be determined (last two terms of Equation (20)). However, we can730

again linearize these terms. By doing so, after a somewhat tedious calculation, we obtain731

for the individual higher order terms732

733

( )( )2 2

4 3

4Cov ,Abs Abs Abs Abs Abs

AP AP CP AP CP

Abs Abs

CP CP

Abs Abs

AP CP � � � � �

� �

μ μ μ μ μ� �
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+

� (21)734

735

and736

737
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( )( )2

3 3

2Cov ,4 Abs Abs Abs Abs Abs

AP AP CP AP CP

Abs Abs

CP CP

Abs Abs

AP CP � � � � �

� �

μ μ μ μ μ� �

μ μ

+

� (22)738

739

Plugging these results into Equation (20) and simplifying leads to Equation (17). Note740

that 2 2

i i
PER PER

� �� �

+ �
= .741

742

Appendix C – Sample Values Estimation743

744

Note that Abs

AP
�

μ , Abs

CP
�

μ , 2
Abs

AP
�

� , 2
Abs

CP
�

� and Cov( , )Abs Abs

AP CP
� � have to be empirically estimated745

from available data. When the underlying probability distribution functions are not746

known but a set of observations {{ (1), (1)},{ (2), (2)},...,{ ( ), ( )}}Abs Abs Abs

AP CP AP CP AP CP
n n� � � � � �747

is available in time, the moments of the distributions of Abs

AP
� and Abs

CP
� can be estimated748

by the estimated sample values749
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756

respectively for the mean. The estimation of the sample variances is carried out in the757

following way758

759

( )( ) ( )( )
2 2

2

1 1

1 1
ˆ ˆ ˆ

Abs Abs Abs

AP AP AP

n n

Abs

AP AP

t t

t t
n n

� � �
� � μ � μ

= =

= � = �� � (25)760

761

for the variance of either, Abs

AP
� and Abs

CP
� . In Equations (23) to (25), n denotes the number762

of observations at hand.763

764

As already stated, temporal random variables are functions whose values change with765

time and are observed as a particular time series of a stochastic process. In other words,766

observations can be positively correlated. This would increase the sample estimate of the767

variance as given by Equation (25) which, in fact, is an approximation and not taking into768

account this autocorrelation
20
.769

770

20 The sample estimate of
,

2ˆ
AP CP

�
� in case of

AP
� and

CP
� being observations resulting from Markov

processes and taking into account autocorrelation is given in (Loucks, Stedinger et al. 1981).



Similarly, Cov( , )
AP CP

� � can be estimated by771

772

( ) ( )( ) ( )( )
1

1
ˆ ˆ ˆ,

AP CP

n

Abs Abs Abs

AP CP AP CP

t

t t
n

� �
� � � � μ � μ

=

= � �� (26)773

774

as shown in (Loucks, Stedinger et al. 1981). If we plug in the sample estimates of the775

mean
,

ˆ
AP CP

�
μ , the variance

,

2ˆ
AP CP

�
� and the covariance ( )ˆ ,Abs

AP CP
� � � into Equations (16) and776

Equation (17), we obtain an estimated mean and variance of *

i
PER over the period of777

assessment.778

779

780
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Appendix D – Toktogul Data Sets781

782
Optim.

month � ó
� ó � ó � ó �

1 150.0 27.9 188.6 74.7 478.5 101.1 590.0 55.3 357.7

2 151.1 25.5 202.1 67.2 464.2 113.0 561.8 78.6 426.2

3 178.2 28.5 195.5 50.4 428.9 122.1 465.8 52.9 323.4

4 314.7 94.3 271.9 94.2 350.2 115.6 367.0 79.6 426.2

5 661.4 200.8 457.8 186.4 348.0 120.2 286.8 52.0 452.8

6 969.3 342.2 550.9 196.3 450.1 152.6 270.6 73.8 468.0

7 797.6 264.1 654.8 205.5 481.0 174.5 324.3 78.2 494.7

8 516.9 137.0 521.7 153.9 354.1 79.5 316.6 40.3 490.9

9 287.1 71.7 184.1 99.8 198.5 89.2 228.1 93.0 441.4

10 230.4 48.8 142.6 73.0 234.5 67.7 313.7 86.8 300.6

11 217.0 45.7 144.3 92.1 343.5 51.9 439.4 84.9 304.4

12 174.1 30.1 188.5 79.2 479.7 82.3 590.6 53.0 418.6

Overall 388 307 311 215 384 139 396 141 409

Period 3Period 1 Period 2natural runoff regime

783

Table 3: Mean and standard deviation of monthly flows given management regime. The bottom row784
displays overall mean and standard deviation for the duration of the regime periods. Units are m

3
/s for �785

and �. The last column shows data from (Cai, McKinney et al. 2003).786

787
Month Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

1 293.7 368.0 451.0 385.3 407.0 281.0 286.0

2 233.7 344.0 382.7 424.7 323.7 266.0 159.3

3 172.0 295.3 194.7 229.3 214.7 274.3 253.3

4 30.0 221.7 14.0 25.3 9.3 228.0 153.7

5 400.3 90.7 337.0 12.7 276.3 140.3 81.7

6 544.0 329.7 207.0 126.7 542.0 633.0 28.3

7 577.7 242.3 377.7 188.3 688.0 841.3 309.3

8 313.0 272.7 254.3 58.3 359.0 472.7 334.0

9 82.0 23.0 52.3 5.0 372.3 90.0 122.7

10 204.0 143.7 237.7 62.0 67.3 220.0 103.7

11 256.0 334.3 278.3 159.7 115.7 303.0 201.3

12 253.7 400.3 351.7 425.3 361.7 372.0 304.3788

Table 4: ( )
Abs

AP
S� for the 7 year management period under investigation. Units are m

3
/s.789

790
Month Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

1 163.7 145.0 229.0 342.7 386.3 229.0 275.0

2 73.0 158.7 145.0 358.3 362.0 213.7 238.7

3 2.7 178.0 119.0 386.7 340.3 187.3 176.7

4 53.3 90.7 29.7 348.0 26.3 68.7 24.7

5 131.3 71.3 306.7 229.0 330.3 220.3 18.0

6 30.7 102.3 240.7 210.7 414.7 308.0 24.3

7 23.7 194.0 533.7 233.3 328.7 643.0 186.0

8 85.0 149.7 338.3 63.3 364.0 459.3 368.3

9 89.7 60.0 111.0 195.0 371.7 82.3 126.0

10 150.0 146.3 158.7 129.7 58.0 86.3 176.7

11 196.0 200.7 229.7 205.7 17.3 169.7 32.7

12 94.3 260.7 287.0 374.0 258.0 307.0 138.0791



Table 5: ( )
Abs

CP
S� for the 7 year management period under investigation. Units are m

3
/s.792

793

Month Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

1 258.2 316.5 380.5 275.8 373.5 366.5 312.5

2 165.8 224.2 336.8 317.8 245.8 291.2 146.5

3 177.7 237.0 228.4 183.0 212.4 343.0 271.0

4 60.8 125.8 48.2 16.5 56.5 193.2 91.8

5 74.0 47.3 10.4 123.3 63.0 4.0 22.0

6 112.4 78.0 26.6 33.7 162.4 101.4 60.0

7 91.8 24.5 77.2 65.5 121.2 110.5 3.5

8 89.5 40.2 11.2 20.2 75.5 1.2 22.5

9 131.6 155.6 139.2 125.6 190.9 35.4 43.1

10 41.8 41.5 137.5 25.8 12.5 211.8 177.5

11 113.1 243.5 202.5 118.8 181.8 340.1 297.5

12 208.2 255.9 237.2 324.9 344.2 328.5 340.9794

Table 6: ( )
Abs

AP
C� for the 7 year management period under investigation. Units are m

3
/s.795

796
Month Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

1 128.2 93.5 158.5 233.2 352.8 314.5 301.5

2 5.2 38.8 99.2 251.5 284.2 238.8 225.8

3 3.0 119.7 152.7 340.4 338.0 256.0 194.4

4 22.5 5.2 4.5 306.2 20.8 33.8 37.2

5 195.0 114.7 40.7 118.4 117.0 76.0 77.6

6 401.0 149.3 7.0 50.3 35.0 223.6 56.0

7 462.2 72.8 78.8 20.5 238.2 87.8 119.8

8 138.5 82.8 72.8 15.2 80.5 12.2 11.8

9 123.9 118.6 80.6 64.4 190.2 136.9 205.5

10 12.2 44.1 58.5 93.5 3.2 78.1 102.9

11 53.1 109.8 153.8 164.8 83.5 206.8 128.8

12 48.9 116.2 172.5 273.5 240.5 263.5 174.5797

Table 7: ( )
Abs

CP
C� for the 7 year management period under investigation. Units are m

3
/s.798

799



29

Bibliography800

801

Bennear, L. S. and C. Coglianese (2005). "Measuring progress: Program evaluation of802

environmental policies." Environment 47(2): 22-39.803

Bernauer, T. (1995). "The Effect of International Environmental Institutions - How We804

Might Learn More." International Organization 49(2): 351-377.805

Cai, X. M., D. McKinney, et al. (2003). "Integrated Hydrologic-Agronomic-Economic806

Model for River Basin Management." Journal of Water Resources Planning and807

Management 129(1): 4-17.808

Cai, X. M., D. C. McKinney, et al. (2002). "A framework for sustainability analysis in809

water resources management and application to the Syr Darya Basin." Water810

Resources Research 38(6): -.811

Dukhovny, V. and V. Sokolov Integrated Water Resources Management in the Aral Sea812

Basin, Inter-State Commission for Water Coordination in the Aral Sea Basin: 27.813

Helm, C. and D. Sprinz (2000). "Measuring the Effectiveness of International814

Environmental Regimes." Journal of Conflict Resolution 45(5): 630-652.815

Hovi, J., D. Sprinz, et al. (2003). "Regime Effectiveness and the Oslo-Potsdam Solution:816

A Rejoinder to Oran Young." Global Environmental Politics 3(3): 105-107.817

Hovi, J., D. F. Sprinz, et al. (2003). "The Oslo-Potsdam Solution to Measuring Regime818

Effectiveness: Critique, Response, and the Road Ahead." Global Environmental819

Politics 3(3): 74-96.820

Kjeldsen, T. R. and D. Rosbjerg (2004). "Choice of reliability, resilience and821

vulnerability estimators for risk assessments of water resources systems."822

Hydrological Sciences Journal-Journal Des Sciences Hydrologiques 49(5): 755-823

767.824

Loucks, D. P., J. R. Stedinger, et al. (1981). Water Resource Systems Planning and825

Analysis. Englewood Cliffs, New Jersey, Prentice-Hall, Inc.826

McKinney, D., X. M. Cai, et al. (1999). Integrated Water Resources Management Model827

for the Syr Darya Basin. E. P. a. I. f. C. A. E. Program. Almaty, Kazhakhstan, US828

Agency for International Development829

Rieckermann, J., H. Daebel, et al. (2006). "Assessing the Performance of International830

Water Management at Lake Titicaca." accepted for publication in Aquatic831

Sciences.832

Savoskul, O., E. Chevnina, et al. (2003). Water, Climate, Food, and Environment in the833

Syr Darya Basin. Adaptation strategies to changing environments: 62.834

Schär, C. et al. (2004). Seasonal Runoff Forecasting Using Precipitation from835

Meteorological Data Assimilation Systems. Journal of Hydrometeorology 5:836

959973837

Sprinz, D. (2005). Regime Effectiveness: The Next Wave of Research. Conference on the838

Human Dimensions of Global Environmental Change, Berlin.839

Sprinz, D. and C. Helm (2000). "Measuring the Effectiveness of International840

Environmental Regimes." Journal of Conflict Resolution 44(5): 630-652.841

Underdal, A. (1992). "The Concept of Regime "Effectiveness"." Cooperation and842

Conflict 27(3): 227-240.843



World Bank (1996). "Developing a Regional Water Management Strategy: Issues and844

Work Plan." Aral Sea Basin Program Technical Paper Series 1.845

Young, O. (2001). "Inferences and Indicies: Evaluating the Effectiveness of International846

Environmental Regimes." Global Environmental Politics 1(1): 99-121.847

Young, O. (2003). "Determining Regime Effctiveness: A commentary on the Oslo-848

Potsdam Solution." Global Environmental Politics 3(3): 97-104.849

850

851


