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1 Introduction48

To be informed is to be prepared.149

1.1 Open Water Data Information Architecture (OWIA)50

Legislation, Regulation, Policy

Water BalanceWater Resource
Management

Climatology

Hydrology
Socio-Economic, 

Earth & Environmental
Sciences
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Figure 1: Open Water Data Information Architecture (OWIA) framework.

2 Project Management Plan51

2.1 Concept of Operations52

1. Federated Data Nodes53

2. Data Node Operators: identify operators of testbed nodes and assignment of responsibility for spe-54

cific data sources to be integrated into the OWIA federated nodes;55

3. Standard Operating Procedures (SOPs): identify responsible individuals for the development of56

SOPs addressing use-cases.57

2.2 Testbed Governance Structure58

The testbed governance structure is depicted in Figure 2.59

1. General Partners (GP): Project manager acting.60

2. Technical Working Group (TWG): As current.61

3. Stakeholder Working Group (SWG): Represented by stakeholder use cases document.62

1Count Rostov, A Gentleman in Moscow, Amor Towles
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Figure 2: Testbed design (placeholder).

2.3 Requirements Baseline63

1. System Requirements (SRD): Completed draft of System Requirements Document (SRD) Technical64

Requirements Chapter.65

2. Stakeholder Use Cases: two (2) families of Use Cases from the CLEE report (https://www.66

law.berkeley.edu/wp-content/uploads/2018/01/DFWD-Use-Cases.pdf).67

(a) Input: Family A: use cases 1, 4, 17 and 2068

(b) Input: Family B: use cases 10 and 1969

(c) Output: Defined set of figures, tables and analyses required to support these Families.70

3. Node Designs: One or more candidate data node designs for implementation based on the require-71

ments baseline,72

2.4 Risk Assessment73
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3 Initial Operating Capability (IOC) Definition74

Measure	of	Success

Use-case Domain Sectors Data	Node(s) Input	Data	
Source SOPs Output	Information	

Products

Water	Balance
Califormia	WY2010-

2015 All
CCA,	Regional	

Offices,	CKAN,	WaDE
Regional	Office	
Spreadsheets

QC-1000,2000,3000	
series

Water	Plan	Document	Elements	+	
Published	Data

San	Diego Urban CCA,	CKAN
DWR	UWMP	Tables	+	

TBD
QC-1000,2000,3000	

series
UWMP	Document	Elements	+	

Published	Data

Tulare	Lake Agriculture,	
Environmental

CCA,	LBNL,	NASA DWR	Appendix	A,	+	
TBD

QC-1000,2000,3000	
series

Water	Budget	Example	+	Published	
Data

Central	Coast Agriculture,	
Environmental

CCA,	LBNL,	NASA DWR	Appendix	A,	+	
TBD

QC-1000,2000,3000	
series

Water	Budget	Example	+	Published	
Data

Water	Quality San	Joaquin	River Agriculture CEDEN CEDEN	Data	
Templates

QC-1000,2000,3000	
series

Published	data	in	association	with	
use-case	

Water	
Quality(Use-case	

8,	
Environmental)

Regional	Water	
Board	1,	2,	5

Environmental CWMW,	LBNL EcoAtlas,	CIWQS,	
CRAM,	USACOE

QC-1000,2000,3000	
series

Compliance	Reports	for	401	and	
404	programs	+	published	data

Water	Budget

Problem	Statement Methodology

Table 1: IOC definition regarding problem definition, methodology and measures of success.

3.1 Schedule75

Task	or	Milestone
10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

IOC 	
Kickoff X
Preliminary	Design	Review X
Interim	Demonstration X
Final	Design	Review X
Final	Demonstration X

2018 2019

Figure 3: Preliminary schedule.

3.2 Design Alternatives76

One or more design alternatives compliant with the Requirements Baseline and the Concept of Operations.77

3.2.1 Alternative I: OWIA Data Node78

An OWIA data node is the set of people and the SRD-compliant cyberinfrastructure used to service a79

specified set of use-cases by ingesting source data, transforming the data by executing SOPs and resulting80

in Output Information Products such as those of Table 1 and Figures 5, 6. The scope of a Data Node is81

bounded by the use-cases that it is responsible for: in whole or in part.82
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Figure 4: SOPs for the water balance use-case.

3.3 Measures of Success83

The role of measures of success is illustrated in Figure 1 and defined for this project in Table 1.84
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3.4 Water Balance85

3.4.1 California Water Plan: WY2010-201586
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Figure 5: Workflow for California Plan WY2010-2015 example.

3.4.2 WaDE Integration: WY2010-201587
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Table 2: Information product example for California Plan WY2010-2015 (Working Draft).
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3.5 Water Budget88

3.5.1 South Coast Hydrologic Region: (PA404, DAU12037), San Diego County Water Authority Ur-89

ban Water Management Plan (UWMP)90
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Figure 6: Workflow for UWMP use-case with the San Diego County Water Authority example.

3.5.2 Tulare Lake91

3.5.3 Central Coast92

4 Analysis of Uncertainty93

Guidance for the analysis of uncertainty is gleaned from [2, 3] and [1].94

4.1 Accuracy and Precision95

4.1.1 Significant Digits96

There are three rules on determining how many significant figures there are in a number [4]:97

1. Non-zero digits are always significant.98

2. Any zeros between two significant digits are significant.99

3. A final zero or trailing zeros, in the decimal portion only, are significant.100

All numbers are based upon measurements except for a very few that are defined and all measurements101

are uncertain, we must only use those numbers that are meaningful.102

4.2 Propagation of Uncertainty in Calculations103

In = A± α (1)
104

Out = B ± β (2)
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Net = (A−B)±
√
α2 ± (αβ) + β2 (3)

4.3 Uncertainty in Estimates from Numerical Models105

4.3.1 Verification and Validation106

4.3.1.1 Irreproducible Results Across Computing Platforms107

4.3.2 Statistics from Ensembles108

5 Full Operating Capability (FOC) Definition109
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Appendix A Water Balance SOP Example Implementation: QC-1000.R110

# ==================================================================111

# Fi l ename : QC−1000.R112

# Author : John H e l l y ( h e l l y j @ u c s d . edu )113

# Purpose : I n g e s t ∗ . c sv f i l e s from DWR w a t e r b a l a n c e s p r e a d s h e e t s114

# ==================================================================115

rm ( l i s t = l s ( ) )116

l i b r a r y ( g g p l o t 2 )117

l i b r a r y ( p l y r )118

l i b r a r y ( r e s h a p e 2 )119

l i b r a r y ( t a b l e s )120

#121

g r a p h i c s . o f f ( )122

# ===========================================================================123

# S e t d i r e c t o r i e s124

# ===========================================================================125

PROJECT ROOT = ’ / Use r s / h e l l y j / Archive−l o c a l ’126

SRC ROOT = p a s t e ( PROJECT ROOT , ’ / P r o j e c t −OWIA−WaterBalance−s r c / R’ , sep = ’ ’ )127

DATA INPUT ROOT = p a s t e ( PROJECT ROOT , ’ / P r o j e c t −OWIA−WaterBalance−d a t a / l e v e l 1 ’ , sep = ’ ’ )128

DATA OUTPUT ROOT = p a s t e ( PROJECT ROOT , ’ / P r o j e c t −OWIA−WaterBalance−d a t a / l e v e l 2 ’ , sep = ’ ’ )129

SPATIAL METADATA = p a s t e (DATA INPUT ROOT , ’ / S p a t i a l −Assignments−G e o r e f e r e n c i n g . csv ’ , sep = ’ ’ )130

OUTPUT STANDARDIZED = p a s t e (DATA OUTPUT ROOT, ’ / CA−DWR−WaterBalance−QC−1000−2011−2015− S t a n d a r d i z e d . csv ’ , sep = ’ ’ )131

TABLE OUTPUT HOME = p a s t e ( PROJECT ROOT , ’ / P r o j e c t −OWIA−WaterBalance−Documenta t ion / Tab les ’ ,132

sep = ’ ’ )133

FIGURE OUTPUT HOME = p a s t e ( PROJECT ROOT , ’ / P r o j e c t −OWIA−WaterBalance−Documenta t ion / F i g u r e s ’ , sep = ’ ’ )134

CONTROLLED VOCABULARY = p a s t e ( PROJECT ROOT , ’ / P r o j e c t −OWIA−WaterBalance−d a t a / l e v e l 0 /CV/CV−100. csv ’ , sep = ’ ’ )135

# ==================================================================136

# Metada ta137

# ==================================================================138

COPYRIGHT = p a s t e ( ” h e l l y j @ u c s d . edu ” , e x p r e s s i o n ( c o p y r i g h t ) , Sys . t ime ( ) )139

OUTPUT HOME = FIGURE OUTPUT HOME140

SOURCE FILE = p a s t e (SRC ROOT , ’ / QC−1000.R’ , sep = ’ ’ )141

METADATA 01 = p a s t e ( SOURCE FILE , ’ / ’ , COPYRIGHT)142

# ===========================================================================143

# F u n c t i o n s144

# ===========================================================================145

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f QC 1000 Reshape . R’ , sep = ’ ’ ) )146

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f C a t e g o r y B . R’ , sep = ’ ’ ) )147

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f Q C 1 0 0 0 P l o t D e l t a . R’ , sep = ’ ’ ) )148

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f QC 1000 Tab le 100 . R’ , sep = ’ ’ ) )149

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f QC 1000 Tab le 200 . R’ , sep = ’ ’ ) )150

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f QC 1000 PlotDelta DAU PA YEAR . R’ , sep = ’ ’ ) )151

s o u r c e ( p a s t e (SRC ROOT , ’ / f u n c t i o n s / f C o n t r o l l e d V o c a b u l a r y . R’ , sep = ’ ’ ) )152

# ===========================================================================153

# De f i ne d a t a s o u r c e s and r e s h a p e t h e d a t a154

# ===========================================================================155

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Level1 −2015.R’ , sep = ’ ’ ) , echo=FALSE)156

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Level1 −2014.R’ , sep = ’ ’ ) , echo=FALSE)157

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Level1 −2013.R’ , sep = ’ ’ ) , echo=FALSE)158

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Level1 −2012.R’ , sep = ’ ’ ) , echo=FALSE)159

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Level1 −2011.R’ , sep = ’ ’ ) , echo=FALSE)160

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000− l e v e l 1 −2010.R’ , sep = ’ ’ ) , echo=FALSE)161

# ==========================================================================162

# 1 . C o n c a t e n a t e t h e d a t a by rows ( i . e . , r b i n d )163

# 2 . P o p u l a t e t h e HR, PA f i e l d s from t h e r e f e r e n c e l i s t o f [HR, PA , DAU]164

# 3 . G e o r e f e r e n c e DAUs165

# 4 . S t a n d a r d i z e n o m e n c l a t u r e166

# ===========================================================================167

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Rbind −2015.R’ , sep = ’ ’ ) )168

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Rbind −2014.R’ , sep = ’ ’ ) )169

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Rbind −2013.R’ , sep = ’ ’ ) )170

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Rbind −2012.R’ , sep = ’ ’ ) )171

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Rbind −2011.R’ , sep = ’ ’ ) )172

s o u r c e ( p a s t e (SRC ROOT , ’ / I n p u t−QC−1000−Rbind −2010.R’ , sep = ’ ’ ) )173

# ===========================================================================174

# C o n t r o l l e d Vocabu la ry s t a n d a r d i z a t i o n175
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# ===========================================================================176

MASTER = r b i n d ( MASTER 2010 , MASTER 2011 , MASTER 2012 , MASTER 2013 , MASTER 2014 , MASTER 2015 )177

MASTER = s u b s e t (MASTER, CategoryC != ” ” ) # Miscoded v a l u e s o f CategoryC ( and CategoryA )178

MASTER = s u b s e t (MASTER, DAU != ’X’ )179

MASTER$KAcreFt = as . numer ic ( MASTER$KAcreFt )180

MASTER[ i s . na (MASTER) ] = 0 # S e t ’NA’ t o 0181

# =============================================================================182

SPATIAL = r e a d . t a b l e (SPATIAL METADATA, sep = ’ , ’ , s k i p =0 , h e a d e r =TRUE, s t r i n g s A s F a c t o r s =FALSE)183

SPATIAL = SPATIAL [ , ( names ( SPATIAL ) %i n% c ( ’DAU’ , ’DAU NAME’ , ’DAU COUNTY’ ,184

’PA’ ,185

’HR CODE’ , ’HR NAME’ ,186

’ Long i tude ’ , ’ L a t i t u d e ’ ) ) ]187

SPATIAL = SPATIAL [ o r d e r (SPATIAL$DAU ) , ]188

SPATIAL NODUP = SPATIAL [ ! d u p l i c a t e d ( SPATIAL [ ,189

c ( ’DAU’ , ’DAU NAME’ , ’ PA’ , ’HR CODE’ , ’HR NAME’ , ’ Long i tude ’ , ’ L a t i t u d e ’ )190

] ) , ]191

D u p l i c a t e s = t a b u l a r ( F a c t o r (DAU) ˜ ( n = 1) , d a t a =SPATIAL NODUP)192

#193

# Add m i s s i n g PA194

#195

MISSING = d a t a . f rame ( ’ DAU20824 ’ , ’ Tur lock ’ , ’ 6 0 8 ’ , ’ 6 ’ , ’ San J o a q u i n River ’ , ’ −999 ’ ,196

’−999 ’)197

names ( MISSING ) = c ( ’DAU’ , ’DAU NAME’ , ’PA’ , ’HR CODE’ , ’HR NAME’ , ’ Long i tude ’ , ’ L a t i t u d e ’ )198

df DAU20850 = d a t a . f rame ( ’ DAU20850 ’ , ’ Tur lock ’ , ’ 6 0 8 ’ , ’ 6 ’ , ’ San J o a q u i n River ’ , ’ −999 ’ ,199

’−999 ’)200

df DAU20924 = d a t a . f rame ( ’ DAU20924 ’ , ’ T u r l o c k Lake ’ , ’ 6 0 8 ’ , ’ 6 ’ , ’ San J o a q u i n River ’ , ’ −999 ’ ,201

’−999 ’)202

df DAU20950 = d a t a . f rame ( ’ DAU20950 ’ , ’ T u r l o c k Lake ’ , ’ 6 0 8 ’ , ’ 6 ’ , ’ San J o a q u i n River ’ , ’ −999 ’ ,203

’−999 ’)204

names ( df DAU20850 ) = c ( ’DAU’ , ’DAU NAME’ , ’PA’ , ’HR CODE’ , ’HR NAME’ , ’ Long i tude ’ , ’ L a t i t u d e ’ )205

names ( df DAU20924 ) = c ( ’DAU’ , ’DAU NAME’ , ’PA’ , ’HR CODE’ , ’HR NAME’ , ’ Long i tude ’ , ’ L a t i t u d e ’ )206

names ( df DAU20950 ) = c ( ’DAU’ , ’DAU NAME’ , ’PA’ , ’HR CODE’ , ’HR NAME’ , ’ Long i tude ’ , ’ L a t i t u d e ’ )207

208

MISSING = r b i n d ( MISSING , df DAU20850 , df DAU20924 , df DAU20950 )209

SPATIAL NODUP 608 = r b i n d ( SPATIAL NODUP , MISSING )210

# =============================================================================211

MASTER GC = merge ( SPATIAL NODUP 608 , MASTER, by = ’DAU’ ) # Note t o e l i m i n a t e wrong a s s i g n m e n t s212

#213

MASTER GC[ g r e p l ( ’ Scen ic ’ , MASTER GC$CategoryA ) , ] $CategoryA = ’ Wild and S c e n i c River ’214

MASTER GC[ g r e p l ( ’ De l t a ’ , MASTER GC$CategoryA ) , ] $CategoryA = ’ R e q u i r e d D e l t a Outflow ’215

MASTER GC[ g r e p l ( ’ W a t e r S u p p l i e s ’ , MASTER GC$CategoryA ) , ] $CategoryA = ’ Water S u p p l i e s ’216

MASTER GC[ g r e p l ( ’ I n s t r e a m ’ , MASTER GC$CategoryA ) , ] $CategoryA = ’ I n s t r e a m Flow Requi rement s ’217

MASTER GC[ g r e p l ( ’ Wetlands ’ , MASTER GC$CategoryA ) , ] $CategoryA = ’ Managed Wetlands ’218

#219

MASTER GC[ g r e p l ( ’ App l i ed Water ’ , MASTER GC$CategoryC ) &220

g r e p l ( ’ Groundwater ’ , MASTER GC$CategoryC ) , ] $CategoryC = ’ App l i ed Water − Groundwater ’221

MASTER GC$CategoryC = gsub ( ” ” , ”−” , MASTER GC$CategoryC )222

MASTER GC$CategoryC = gsub ( ” : : ” , ”−” , MASTER GC$CategoryC )223

MASTER GC$CategoryC = gsub ( ” Wild &” , ” Wild and ” , MASTER GC$CategoryC )224

#225

#226

# ===========================================================================227

# D e l e t e computed rows and non−b a l a n c e CategoryA rows228

# ===========================================================================229

A = s u b s e t (MASTER GC, ! g r e p l ( ’ T o t a l ’ , CategoryC ) &230

! g r e p l ( ’ App l i ed Water Use ’ , CategoryC ) &231

! g r e p l ( ’ Net Water Use ’ , CategoryC ) &232

! g r e p l ( ’ D e p l e t i o n ’ , CategoryC ) &233

! g r e p l ( ’ Conveyance App l i ed Water Use ’ , CategoryC ) &234

! g r e p l ( ’ Conveyance Net Water Use ’ , CategoryC ) &235

! g r e p l ( ’ Conveyance D e p l e t i o n ’ , CategoryC ) &236

! g r e p l ( ’ Urban Waste Water Produced ’ , CategoryA ) &237

! g r e p l ( ’ Water Use T o t a l s ’ , CategoryA ) &238

! g r e p l ( ’ P o r t f o l i o ’ , CategoryA ) &239

! g r e p l ( ’ P r e c i p i t a t i o n ’ , CategoryC ) )240

# ===========================================================================241

# Read C o n t r o l l e d Vocabu la ry242

# ===========================================================================243
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CV = r e a d . t a b l e (CONTROLLED VOCABULARY, sep = ’ , ’ , h e a d e r =TRUE, s t r i n g s A s F a c t o r s =FALSE)244

#245

A = s u b s e t (A, CategoryA != ’ ’ ) # Nu l l v a l u e s i n manual c o n v e r s i o n e f f o r t246

A[ A$CategoryA == ’ Urban ’ & A$CategoryB == ’15 ’ , ] $CategoryB = ’15 a ’ # QC−2500.R c o r r e c t i o n s from r o l l u p s247

A[ A$CategoryA == ’ Urban ’ & A$CategoryB == ’18 ’ , ] $CategoryB = ’18 a ’ # QC−2500.R c o r r e c t i o n s from r o l l u p s248

A[ A$CategoryA == ’ Managed Wetlands ’ & A$CategoryB == ’17 ’ , ] $CategoryB = ’17 a ’ # QC−2500.R c o r r e c t i o n s from r o l l u p s249

A[ A$CategoryA == ’ Managed Wetlands ’ & A$CategoryB == ’8 ’ , ] $CategoryB = ’8 a ’ # QC−2500.R c o r r e c t i o n s from r o l l u p s250

A[ A$CategoryA == ’ I n s t r e a m Flow Requi rements ’ & A$CategoryB == ’3 ’ , ] $CategoryB = ’3 a ’ # QC−2500.R c o r r e c t i o n s from r o l l u p s251

#252

C = merge (A, CV, by=c ( ’ CategoryA ’ , ’ CategoryB ’ ) ) # Merge i n CategoryD based on CV253

C$CategoryC = C$CategoryC . y254

255

# ===========================================================================256

# Wri t e t h e d a t a o u t f o r s u b s e q u e n t p r o c e d u r e s257

# ===========================================================================258

w r i t e . t a b l e (C , OUTPUT STANDARDIZED, sep = ’ , ’ , row . names=FALSE , q u o t e =TRUE)259

# ===========================================================================260

# Debugging261

# ===========================================================================262

D = s u b s e t (C , DAU== ’DAU33936 ’ )263

D$CategoryABCD = p a s t e ( D$CategoryA , ’ / ’ , D$CategoryB , ’ / ’ , D$CategoryC , ’ / ’ , D$CategoryD )264

Table Summary DAU = t a b u l a r ( F a c t o r ( Year ) ∗ ( F a c t o r ( CategoryABCD ) + 1 ) ˜265

(1 + F a c t o r (HR NAME) ∗266

F a c t o r (PA ) ) ∗ KAcreFt∗sum ,267

d a t a =D)268

Appendix B Action Items269

1: Figure for Regulatory framework and operations (Sara)270

2: JH Edit TDD to reflect table changes and provide a revised TDD to Kamyar after TWG review271

3: Consider for describing vested interests (i.e. public, private, NGO, quasi-governmental) (Gary)272

4: How to implement an SWG (Gary)273

5: How to engage other interested parties (Sara mentions MOUs in other national activities) (Gary)274

6: David H., JH: Data and metadata (schema,..)275

7: Forest, JH: Remote sensing + NASA directions276

8: Paul H, JH: Reconcile, unify Water Balance and Water Budget277

9: UWMP and AGWMP considered as a joint problem in terms of Water Budget use-case (JH)278

10: Regional offices as data nodes? (JH)279

11: Common parameterization and controlled Vocab (Sara)280

12: Re-visit use-cases in smaller conversation (Charu)281
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