
Informat ics
by Stu Hamilton
& James Price

Improving Outcomes for Freshwater
Availability, Security & Sustainability
Water Data Asset Management as a Strategic Investment



WATER   PRESSURE
I N C R E A S E

D E C R E A S E

Executive Summary 
Growing challenges resulting from climate change, 
agricultural intensification, mega-urbanization, resource 
extraction, energy production, and industrialization are 
resulting in unprecedented pressure on watersheds. 

Many people despair that ‘wicked’ problems 
accumulating to the watershed scale are intractable. 
Indeed, these problems would worsen indefinitely if 
our only tools available involved dams, reservoirs, 
diversions, dredging, channel straightening/hardening, 

surface drainage, and other attempts to manage the 
flow of water. Fortunately, the root sources of these 
problems are, primarily, human interactions with water. 

Managing people to better cooperate within the 
capacity and resilience of watersheds can be much 
more efficient, cost-effective, and productive than 
engineering solutions alone to manage the flow of 
water. The tools available for managing human 
interactions with water include: awareness, education, 
public participation, empowerment, social incentive, 
social licence as well as policies, regulations, and 
compliance enforcement.

The common denominator for all of these social 
instruments for change is meaningful information. If 
good decisions are to prevail then decision-makers 
need timely access to relevant, understandable 
information. Without helpful, fit-for-purpose 
information then watershed health inevitably suffers 
chronic degradation. There is growing awareness that 
the path forward will require less dependence on grey 
(i.e. concrete) infrastructure solutions and increasing 
dependence on green (i.e. environmentally sensitive) 
infrastructure solutions.

The rate of adoption of best practices for data-to-
information-to-knowledge management is lagging 
behind growth in watershed-scale problems. First 
generation data management systems were optimized 
for providing information tailored to the needs of 
engineers to support investments in grey 
infrastructure. These 20th century systems are 

incapable of ensuring that the right information is 
getting to the right people, at the right time to make 
the right decisions for both grey and green solutions.

Water data are a strategic asset that must be managed 
over a full life-cycle, from initial scoping of end-use 
requirements through to delivery of primary-use 
information and inclusive of curation for future 
secondary uses. Effective actions for improving water 
availability, security, and sustainability have to wait 
until there is meaningful information to motivate and 
guide needed change.

Existing water problems are prolonged and new 
problems are emerging as a result of delay in 
implementing best practices for information 
management. Modern systems empower decision- 
makers with timely and meaningful information to 
motivate and guide effective actions that create 
wealth and protect people and the environment.

“Monitoring is a crucial part of environmental science, costs very little relative to the value of 
the resources it protects and the policy it informs, and has added value in that basic 

environmental monitoring data can be used for multiple purposes.” – Lovett et al. 2007
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TOO MUCH TOO LITTLELOW QUALITY

Freshwater Availability, 
Security & Sustainability 
Challenges
Too much water results in flood related loss of life, 
destruction of property and essential infrastructure, 
and spread of waterborne diseases. 

Too little water results in droughts of varying 
intensity, extent, and duration that can cause 
economic hardship, loss of livelihood, starvation, 
political destabilization, and war. Water of the wrong 
quality can result in pandemics of pathogenic 
disease, carcinogenic disease, or the degenerative 
and sometimes lethal effects from endocrine 
disruptors or toxic substances.

The Global Risk Report (World Economic Forum, 2017) 
tracks trends and maps intricacies in the global 
economy. In 2017, water crises, extreme weather 
events, and failure to adapt to climate change all rank 
as above average for both impact and likelihood, 
continuing a trend of increasing risk. The intricacies of 
how water crises trigger, or exacerbate, social, 
political, and economic disruption are revealed 
through the economic analyses. These interactions 
are non-linear and can contain feedback loops where 
social and political challenges further degrade our 
environmental risk resilience. The severity of these 
threats should be a call to action for the water 
monitoring community to proactively manage and 
mitigate these risks.

Freshwater is the natural capital with which we make 
many transactions to generate benefits for human 

health, functional communities, and economic 
prosperity. Whether you measure success in terms of 
wealth, security, or wellness the path to your success 
depends on a shared common pool of water. Water is 
not like land where you can simply fence out 
trespassers, yet it is not like air that cannot be easily 
obstructed. Water is managed in an arrangement of 
shared benefits where each use incrementally alters 
the quality and quantity available for all other 
beneficiaries.

Amongst legal entities (e.g. governments, 
corporations, and individuals) the terms and 
conditions for who can do what with water can be 
decided in a legislative framework. However, we also 
share this vital asset with all forms of non-pelagic 
biota, which are subject to a different set of laws. 
Water is an unforgiving force of natural selection. Too 
much, too little, or the wrong quality results in quick 
adjustments within the gene pool; hence, ecosystem 
form and function is tightly adapted to the 
hydrological cycle. All modifications to the 
hydrological cycle alter ecosystems, often with 
unanticipated and unwanted consequences for our 
own measures of success.

We have greatly altered our fate as a species by 
learning to modify where, when, and how water flows 
to the oceans (Table 1). We sometimes deliberately, 
sometimes unintentionally, and often unknowingly 
use water to transport byproducts of our many and 
various activities downstream. By modifying the flow 
and constituents of water, we upset the selective 
pressures on species, often resulting in harm to valued 
species and the success of unwanted species. Our 
attempts to optimize benefits can unwittingly 
exacerbate unforeseen threats to our freshwater 
availability security and sustainability.

The most profound example of a disruptive 
anthropogenic influence on the hydrological cycle is 
the result of climate change. The frequency, duration, 
intensity, and extent of extreme hydrological events 
are responding to a warmer atmosphere, warmer 
oceans, and a warmer Arctic. Our built infrastructure, 
social institutions, economic foundations, policies, 
regulatory frameworks, and monitoring systems are all 
optimized for a hydrological regime that does not 
exist anymore.
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“Adequate resources should be committed to managing data & evaluating, interpreting & 
publishing results. These are crucial components of successful monitoring programs, but planning 

for them often receives low priority compared to actual data collection” – Lovett et al. 2007
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FLOW: Flow modification, over-use, evaporative 
losses
QUALITY: Sediments, temperature, salinity,
nutrients, pathogens, pesticides, algal biomass

SUPPORTS: Agriculture
RISKS: Lack of awareness of magnitude, 
duration, extent & impact of over-use events

IRRIGATION

Impacts on Flow & Quality

Table 1 | Human-Water Interactions & Impacts

FLOW: Flow acceleration & modification, 
groundwater – surface water interactions, 
timing & intensity of peaks & low flows
QUALITY: Sediments, nutrients, temperature, 
salinity, pathogens, pesticides, heavy metals, 
loss &/or degradation of habitat, algal biomass 

SUPPORTS: Agriculture, transportation, urban 
storm water management
RISKS: Lack of awareness of impact of active 
drainage on receiving waters

SURFACE
DRAINAGE
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Table 1 | Human-Water Interactions & Impacts (Continued)
Interaction Supports & Risks Impacts on Flow & Quality

FLOW: Flow modification, groundwater – 
surface water interactions, timing & intensity of 
peaks & low flows
QUALITY: Temperature, dissolved oxygen, 
mercury, sediments, acidity, loss of habitat & 
biodiversity, algal biomass

SUPPORTS: Water export, diversions, municipal 
water supply, mining, petroleum production
RISKS: Over-estimation of supply and/or 
under-estimation of actual usage, lack of 
awareness of magnitude, duration, extent and 
impact of over-use events

CONSUMPTIVE 
USES

FLOW: Groundwater – surface water 
interactions
QUALITY: Loss of habitat & biodiversity

SUPPORTS: Transportation, construction
RISKS: Lack of awareness of role of channel form 
for hydrological function

DREDGING, 
ROCK/SAND 
MINING

FLOW: Evaporative losses
QUALITY: Temperature, degradation of habitat,
algal biomass

SUPPORTS: Energy
RISKS: Lack of awareness of cumulative &/or 
synergistic effects of thermal regime

THERMAL 
COOLING

FLOW: None
QUALITY: Temperature, metals, toxins, 
pharmaceuticals, acidity, degradation of habitat, 
algal biomass

SUPPORTS: Industry, municipal & domestic 
sewage, mining
RISKS: Lack of awareness of quantities, 
transport, fate & cumulative &/or synergistic 
effects

WASTE 
DISPOSAL

FLOW: Flow modification & acceleration, 
temperature, groundwater – surface water 
interactions, timing & intensity of peaks & low 
flows
QUALITY: Temperature, acidity, dissolved 
oxygen, sediments, nutrients, pathogens, 
pesticides, toxins, loss of habitat & biodiversity

SUPPORTS: Agriculture, forestry,
urban development
RISKS: Lack of awareness of impact on net water 
balance, impact of impervious area, cumulative 
loss of water, soils, nutrients, pathogens, 
pesticides

LAND COVER 
CHANGE

FLOW: Flow acceleration, timing & intensity of 
peaks & low flows, groundwater – surface water 
interactions
QUALITY: Sediments, loss of riparian & aquatic 
habitats & biodiversity

SUPPORTS: Transportation, urban development, 
flood protection, agriculture
RISKS: Lack of awareness of impact of hydraulic 
routing on water & sediment transport

CHANNEL 
& BERM
ALTERING

FLOW: Flow modification, dam burst flood,
groundwater – surface water interactions, 
timing & intensity of peaks & low flows
QUALITY: Temperature, dissolved oxygen, 
mercury, sediments, acidity, loss of habitat & 
biodiversity, algal biomass

SUPPORTS: Energy, flood protection, drought 
resilience, agriculture, municipal water supply, 
mining
RISKS: Lack of understanding downstream 
effects, under-estimation of dam & reservoir 
design life expectancy

STORAGE



and practices, of activities allowed in a watershed 
may not be as costly as a uninformed stakeholders 
may assume. In many cases best management 
practices for water conservation are known but 
remain un-adopted from ignorance of the cumulative 
harm resulting from blind acceptance of the status 
quo. Better information can also lead to coercive 
change in behavior by using any, of many, social 
instruments to motivate stakeholders to limit the 
harm they cause to the shared resource. 

Clearly, better information can lead to better 
outcomes. The use of data to optimize decisions has 
been popularized in quotes attributed to Peter 
Drucker, “If you can’t measure it, you can’t improve 
it,” and to W. Edwards Deming, “In God we trust, all 
others must bring data.” However, it is not quite that 
simple with water data. 

Water data are often not used, poorly used, 
neglected, mis-used, or not understood. Stakeholders 
often do not seek, find, understand, and trust 
information that may be accessible. Stakeholders may 
not have access to the right information at the right 
time nor the right place. Stakeholders may lack the 
ability to distinguish between normal and 
pathological hydrological conditions. Stakeholders 
may lack the context needed to attribute cause with 
effect. Many stakeholders remain unaware of 
synergistic and/or cumulative effects. Stakeholders 
may not know how to make beneficial improvements, 
course changes, corrections, or innovations. 
Stakeholders often have no way to gauge whether 
such corrective actions are beneficial and effective.

The overwhelming complexity of environmental data 
and metadata isolates water monitoring from its 
raison d’etre. Water quantity and quality are sampled 
at point locations, whereas information may be 
needed for other locations, or integrated up to the 
catchment scale. The usefulness of data for a 
particular purpose can be undiscoverable. The effort 
required to obtain data can be daunting. Are data 
even available for a given place and time? Are the 
data up to date? Are there multiple versions of the 
data and if so, which version is currently available? 
What is the accuracy of the data? Are data from two 
different points in time inter-comparable (i.e. of 
comparable trustworthiness)? Are data from two 
different locations inter-comparable? Are the data 
compliant with fully transparent standards and 
procedures? Are the observations affected by 
extraordinary conditions, or any condition which 
would bias the result? 

The pace of change in water monitoring technology is 
unprecedented. The global economic impact of water 
issues has created an urgency to find solutions to 
water problems by using objective data. Innovative 
scientists, engineers, and entrepreneurs have 
responded to this need with an overwhelming 
number of new water data collection systems. Water 
resource managers are buying and deploying these 
monitoring instruments as fast as they are developed. 
More water data about more conditions in more 
places should result in better decisions, better 
policies, better regulations, and better oversight 
leading to better watershed-scale outcomes. 

Yes, improving the monitoring and reporting from a 
pipe outfall does materially improve the decisions of 
the stakeholder who is discharging effluent into the 
pipe. In such a case there is a clear connection 
between cause and effect. The persons with 
authority, responsibility, and accountability for any 
adverse effects are explicitly known to the 
downstream stakeholders, who can use this 
knowledge to great effect.

In principle, the same should apply for watershed-
scale actions and outcomes. A watershed can be 
defined as a geographic area with some unique low 
point, which is the outfall for all gravity-drained 
water. The quantity and quality of water flowing past 
that point captures the sum of effects of all 
human-water interactions that have occurred 
upstream of that point. Specific knowledge of these 
effects should result in improvement in the collective 
behaviour of all stakeholders in the watershed.

Yet, this is not the case. For example, water eutrophi-
cation has become one of the most serious aquatic 
environmental problems around the world. If more 
data were the solution, we should be starting to see 
abatement of this problem. Why is there not a clear 
correlation between the collection of water data and 
beneficial effects? It may be because we are richer in 
water data than ever before but remain information 
poor.

If we metaphorically equate a datapoint with an 
atom, then wondering why more data are not 
resulting in better decisions is like wondering why a 
mass of carbon atoms does not come when you call. 
In order for carbon atoms to become a life form they 
need to be strategically organized in a very 
systematic way. In order for data to drive better 
decisions, the data must be structured in a way that 
reveals the truth while concealing unneeded 
complexity. This is the art of data-to-information-to-
knowledge management. 

shared resource. Every stakeholder has a vested 
interest in not letting others do harm to the shared 
resource. Yet harm does occur.

As shown in Table 1, unwanted consequences follow 
from of a lack of locally meaningful information about 
specific effects of activities. It is not possible for all 
water interactions to sum to zero cumulative effect, 
but better information can lead to a sum of effects 
that is better aligned with the capacity and resilience 
of the watershed. Beneficial changes to the types, 

“… success of local, regional, and global efforts to curb rates of water quality degradation 
can only be measured if sufficient data are available that enable the tracking of trends over 

time and space.”  – UNEP 2008 Water Quality and Human Health

Better Water Information 
& Better Water Decisions
Watershed-scale outcomes for water quantity and 
quality are a cumulative effect of many (often small) 
independent water interactions superimposed on 
natural variability. Every stakeholder is motivated to 
benefit from a share of the common pool resource. 
No stakeholder is motivated to intentionally harm the 
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with a measurable cost. For example, in a survey of 25 
million nutrient records from 488 different agencies 
collected in the United States since 1899, Sprague et 
al. (2017) discovered that “nearly 14.5 million of these 
records had missing or ambiguous information for 
one or more key metadata elements, including (in 
decreasing order of records affected) sample fraction, 
chemical form, parameter name, units of 
measurement, precise numerical value, and remark 
codes.” The direct loss of value as a result of this 
ambiguity is estimated at US $12 billion relative to the 
US $8.2 billion value of the properly curated data.

In a similar investigation of data for the Great Barrier 
Reef Basin of Australia, De Hayr (2016) discovered 
that 80% of the data could not be used because of 
inadequate record keeping, resulting in a direct loss 

of AU $2-3 million in value. It should be noted that 
this is only the cost of the monitoring activities and 
does not include the opportunity cost resulting from 
delay in developing an effective action plan for the 
Great Barrier Reef. Impactful action has to wait until 
there is meaningful information to motivate and 
guide needed change.

Preserving data complete with meaningful metadata 
is only one part of the problem. The challenge, in 
every watershed, is that that there is no single 
information requirement. There is no universal 
template for how information should be generated 
from water data. Motivating poorly-informed 
stakeholders to become part of the solution rather 
than the problem requires the crafting of many 
helpful information messages from the raw data.

Water Data as a
Strategic Asset 
Water data are useful for altering watershed-scale 
outcomes through the creation of helpful information 
that supports effective decision-making. Relevant and 
reliable information is a filter that isolates harmful 
ideas while supporting beneficial choices. However, 
water data, in raw form, are too complex, dispersed, 

and arcane to be helpful or useful as an agent for 
change. Effective data-to-information-to-knowledge 
management is needed to ensure that good decisions 
prevail. 

The mandate assigned to water monitoring agencies 
is, clearly, to produce water data. However that core 
mandate has not kept pace with the role that 
information plays in modern society, where data are a 
base resource for new and emerging, often 
previously unimagined, uses. This deficiency comes 

“Data management, analysis and interpretation are key
components for successful monitoring programs” 

– Lovett et al. 2007

488 different
agencies

1899Da
ta

 d
at

in
g 

ba
ck

 to
...

US acquires
Puerto Rico, the 

Philippines & Guam

1st radio signal crosses
the English Channel

1st Peace 
Conference

The last King of 
Easter Island dies

Al
so

 th
at

 y
ea

r...
25 million
nutrient records

14.5 million
missing/ambiguous data

$12 BILLION LOSS
BILLIONBILLION BILLION BILLIONBILLIONBILLION BILLION BILLION BILLIONBILLION BILLION BILLION

remark codes
chemical forms

sample fractions
parameter names

units of measurement
precise numerical values

of nutrient records 
have missing/ 

ambiguous data

IMPROVING |  08



with a measurable cost. For example, in a survey of 25 
million nutrient records from 488 different agencies 
collected in the United States since 1899, Sprague et 
al. (2017) discovered that “nearly 14.5 million of these 
records had missing or ambiguous information for 
one or more key metadata elements, including (in 
decreasing order of records affected) sample fraction, 
chemical form, parameter name, units of 
measurement, precise numerical value, and remark 
codes.” The direct loss of value as a result of this 
ambiguity is estimated at US $12 billion relative to the 
US $8.2 billion value of the properly curated data.

In a similar investigation of data for the Great Barrier 
Reef Basin of Australia, De Hayr (2016) discovered 
that 80% of the data could not be used because of 
inadequate record keeping, resulting in a direct loss 

of AU $2-3 million in value. It should be noted that 
this is only the cost of the monitoring activities and 
does not include the opportunity cost resulting from 
delay in developing an effective action plan for the 
Great Barrier Reef. Impactful action has to wait until 
there is meaningful information to motivate and 
guide needed change.

Preserving data complete with meaningful metadata 
is only one part of the problem. The challenge, in 
every watershed, is that that there is no single 
information requirement. There is no universal 
template for how information should be generated 
from water data. Motivating poorly-informed 
stakeholders to become part of the solution rather 
than the problem requires the crafting of many 
helpful information messages from the raw data.

Water Data as a
Strategic Asset 
Water data are useful for altering watershed-scale 
outcomes through the creation of helpful information 
that supports effective decision-making. Relevant and 
reliable information is a filter that isolates harmful 
ideas while supporting beneficial choices. However, 
water data, in raw form, are too complex, dispersed, 

and arcane to be helpful or useful as an agent for 
change. Effective data-to-information-to-knowledge 
management is needed to ensure that good decisions 
prevail. 

The mandate assigned to water monitoring agencies 
is, clearly, to produce water data. However that core 
mandate has not kept pace with the role that 
information plays in modern society, where data are a 
base resource for new and emerging, often 
previously unimagined, uses. This deficiency comes 

“Water quality monitoring programs need to be properly
designed & integrated in decision making.” 

– CCME 2015

$2-3 MILLION LOSS
80% of the data could not be used

because of inadequate record keeping
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What Are Information 
Assets & Why Are They 
So Neglected?
Gaining a better understanding of the importance of 
water information assets can be achieved by looking 
at some fundamental business concepts. Value is 
created for clients by the organization delivering its 
product(s) or service(s) at an attractive price, of 

sufficient quality, in a timely manner. Products and 
services are created and delivered by conducting the 
organization’s business activities and processes, 
which are enabled by deploying its scarce and 
valuable resources.

These resources are the organization’s financial assets 
(money), physical assets (property and infrastructure 
including hardware and software), human assets 
(people), and information assets (data, documents, 
published content, and knowledge). The most 
successful organizations deliver the products and 

services that create the most value for the customer 
whilst consuming the fewest resources.

The job of management is to deploy the organiza-
tion’s scarce and valuable resources in the most 
efficient and effective manner possible and, if they 
are, then business performance will follow. Business 
performance is a lag, not a lead, indicator of good 
business management.

The effective deployment of assets, should: 

INTERNALLY / FOR STAFF drive faster 
processes, facilitate better decisions, and 
improve staff satisfaction 
EXTERNALLY / TO CLIENTS improve services, 
provide new services, reduce price, and enable 
faster delivery 
FOR THE ORGANIZATION improve service 
delivery, increase revenue, reduce costs, 
increase productivity, provide competitive 
advantage, mitigate risk, and improve 
compliance 

Of the four sets of resources available to 
organizations, information assets are arguably the 
most important. Without data, information, and 
knowledge, no business activity can be conducted, 
no business process can be completed, and no 
business decision can be made.

In the multi-agency, multi-jurisdictional context of 
watersheds there is, typically, no clearly delegated 
information management authority. In the absence of 
such accountability, information requirements can be 
neglected and information creation can be inadequate. 

The result is poor information management with the 
consequent loss of revenue, increase in operating 
cost, acceptance of waste with its negative effect on 
productivity and impact of risk from inability to meet 
compliance requirements, compromised cyber 
security, ineffective discovery, and sub-optimal 
business continuity.

Evans and Price (2012) report on a lack of executive 
awareness of the importance of information as an 
asset, even in the business sector. Effective 
management is hampered because information 
management instruments like metadata and security 
models are not well understood. Chief Financial 
Officers cannot quantify the value of their organiza-
tion’s information. The value of information is 
contextual – temporally, professionally, and 
managerially – and that makes calculating its value 
problematic.

Determining the benefit of information management 
initiatives is difficult. Many organizations will 
recognize only real revenue increases and cost 
reductions, not productivity improvements nor risk 
mitigation. Generally accepted accounting principles 
do not enable the value of information to be 
capitalized and included on the balance sheet with 
the result that information is not seen as a tangible 
asset to be carefully managed.

If information management can be neglected as a 
strategic business asset what hope is there for 
watershed-scale information management? Many 
watersheds are multi-jurisdictional. Within each 
jurisdiction there can be many agencies working 
toward many different objectives. There can be many 
sources of data. Data are often collected under the 
budget authority for achieving a specific objective, 
where that authority has no explicit mandate to 
provide information for any other objectives. 

It is up to each stakeholder to do their own data 
search, discovery, access, and information 
management. The bold assumption is that end-users 
will search for data, evaluate the fitness for use of the 
data for their specific purpose, access the data, 
format it for use in 3rd party software, interpret it, 
analyze it, put it into meaningful context, and then 
make well-informed decisions based on it.

If stakeholders choose to ignore the data that are 
being collected in a watershed can anyone blame 
them? If the collective effect of all stakeholders 
individually making poorly-informed choices is 
chronic watershed degradation then who is to 
blame? No one is responsible for examining and 
ensuring the information requirements at a 
watershed-scale and ensuring the right information is 
getting to the right people at the right time to make 
the right decisions. No one has authority to evaluate 
the effectiveness of data collection and information 
management investments at a watershed-scale. No 
one is accountable if information is neglected as a 
strategic watershed asset.

“Well-designed monitoring systems result in lower costs for implementation and increased 
monetary benefits associated with environmental improvement.”

– CCME 2015

ORGANIZATION
RESOURCES

INFO

01
FINANCIAL
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services are created and delivered by conducting the 
organization’s business activities and processes, 
which are enabled by deploying its scarce and 
valuable resources.

These resources are the organization’s financial assets 
(money), physical assets (property and infrastructure 
including hardware and software), human assets 
(people), and information assets (data, documents, 
published content, and knowledge). The most 
successful organizations deliver the products and 

services that create the most value for the customer 
whilst consuming the fewest resources.

The job of management is to deploy the organiza-
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efficient and effective manner possible and, if they 
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performance is a lag, not a lead, indicator of good 
business management.
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organizations, information assets are arguably the 
most important. Without data, information, and 
knowledge, no business activity can be conducted, 
no business process can be completed, and no 
business decision can be made.

In the multi-agency, multi-jurisdictional context of 
watersheds there is, typically, no clearly delegated 
information management authority. In the absence of 
such accountability, information requirements can be 
neglected and information creation can be inadequate. 

The result is poor information management with the 
consequent loss of revenue, increase in operating 
cost, acceptance of waste with its negative effect on 
productivity and impact of risk from inability to meet 
compliance requirements, compromised cyber 
security, ineffective discovery, and sub-optimal 
business continuity.

Evans and Price (2012) report on a lack of executive 
awareness of the importance of information as an 
asset, even in the business sector. Effective 
management is hampered because information 
management instruments like metadata and security 
models are not well understood. Chief Financial 
Officers cannot quantify the value of their organiza-
tion’s information. The value of information is 
contextual – temporally, professionally, and 
managerially – and that makes calculating its value 
problematic.

Determining the benefit of information management 
initiatives is difficult. Many organizations will 
recognize only real revenue increases and cost 
reductions, not productivity improvements nor risk 
mitigation. Generally accepted accounting principles 
do not enable the value of information to be 
capitalized and included on the balance sheet with 
the result that information is not seen as a tangible 
asset to be carefully managed.

If information management can be neglected as a 
strategic business asset what hope is there for 
watershed-scale information management? Many 
watersheds are multi-jurisdictional. Within each 
jurisdiction there can be many agencies working 
toward many different objectives. There can be many 
sources of data. Data are often collected under the 
budget authority for achieving a specific objective, 
where that authority has no explicit mandate to 
provide information for any other objectives. 

It is up to each stakeholder to do their own data 
search, discovery, access, and information 
management. The bold assumption is that end-users 
will search for data, evaluate the fitness for use of the 
data for their specific purpose, access the data, 
format it for use in 3rd party software, interpret it, 
analyze it, put it into meaningful context, and then 
make well-informed decisions based on it.

If stakeholders choose to ignore the data that are 
being collected in a watershed can anyone blame 
them? If the collective effect of all stakeholders 
individually making poorly-informed choices is 
chronic watershed degradation then who is to 
blame? No one is responsible for examining and 
ensuring the information requirements at a 
watershed-scale and ensuring the right information is 
getting to the right people at the right time to make 
the right decisions. No one has authority to evaluate 
the effectiveness of data collection and information 
management investments at a watershed-scale. No 
one is accountable if information is neglected as a 
strategic watershed asset.

IMPROVING |  1 1 “… monitoring will not only provide 
valuable information for structuring future 

management projects in the form of 
'lessons learned', but also it will be useful 

for promoting future projects by 
demonstrating the will to build on 

previous examples, and being able to 
clearly show strengths and weaknesses of 

different management scenarios.” 
– UNEP 2008 

Water Quality and Human Health

http://www.unep.org/publications/
http://www.ijikm.org/Volume7/IJIKMv7p177-199Evans0650.pdf


Characteristics of Highly 
Effective Information 
Information is effective if it leads to avoidance of 
preventable problems. Information is effective if it 
correctly identifies departures from a desired path 
with an accuracy and timeliness that motivates early 
intervention. Information is effective if it is sufficiently 
compelling to motivate sometimes painful 
corrections to deeply entrenched – but harmful – 
economic activities. In other words, information is 
effective if it improves watershed-
scale outcomes.

Watershed health is, ultimately, a social problem with 
economic, human health, security, and environmental 
consequences. Human activities affect watershed 
health. Poor outcomes are a direct consequence of 
ineffective social and policy instruments. Beneficial 
effects result from social and policy instruments that 
are guided by helpful information. 

Effective information creates awareness, educates, 
inspires public participation, empowers, provides 
social incentive, and supports social licence. Over-use, 
misuse, and abuse of water should not be without 
penalty. Policies, regulations, and compliance 
enforcement can only be effective if they are well-in-
formed.

creates 
awareness

EFFECTIVE
INFORMATION

educates

inspires
part ic ipat ion

empowers
provides socia l

incentive

support
socia l  l icence

“...ability to evaluate the success (or failure) of management schemes must rely on data that 
track a system's response to management” –  UNEP 2008 Water Quality and Human Health
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From Cryptic Data to 
Helpful Information 
Raw, poorly documented, poorly communicated 
water data are a universal source of frustration that 
can result in harmful delays or wrongful conclusions. 

Timely, understandable water information supports 
policy issues; industrial and municipal water use; 
flood and drought warning and situation 
management; infrastructure development; green 
energy production; and understanding, and 
adaptation to, the impact of climate change.

Better stakeholder engagement is the result of 
continuous evaluation and optimization of 
monitoring network effectiveness and cost efficiency 
for delivering stakeholder information requirements. 
Better stakeholder engagement includes sharing data 
amongst a wide number of users (e.g., managers, 
scientists, the public).

Better stakeholder engagement provides meaningful 
context including (for example):

• WHO – sampling/measurement/observation, lab 
analysis, quality control (+ accreditation)

• WHAT – parameter/species/variant/method/quality
• WHEN – sample/measurement/observation, lab 

analysis, quality control, available for use
• WHERE – sample/measurement/observation, chain 

of custody

• HOW – standards compliance
• WHY – critical path from gauge to page
• SCALE TRANSFORMATION – from instantaneous 

point-scale to continuous watershed-scale
• INFORMATION – about the right thing at the right 

scale at the right place for the right time for the 
right people 

Better data management uses integrated approaches 
and standardized procedures; unambiguous parame-
ters/units/methods/sample locations; effective 
synchronization between discrete samples and 
continuous time-series; time-scale intersection of 
continuous and discrete observations including 
laboratory results, surrogates, and hydrological 
information. Information only has value when it is of 
use to the end user. Better information is created 
when the quality of the aquatic environment is 
coupled with appropriate hydrological monitoring in 
a geospatial context meaningful to the end-user. 
Better information is made available through 
web-based, context-rich, user-friendly interfaces. 

The management of water data as a strategic asset 
will improve watershed health, economic prosperity, 
wellness, and community security. All of these 
outcomes are sensitive to whether the right people 
are getting the right information at the right time to 
make the right decisions. Whereas these objectives 
are often deemed to be ambitious there is growing 
evidence that modern solutions have finally caught 
up with the problem.

GOOD
DATA

GOOD
DATA

GOOD
DATA
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“...ability to enact change prior to total loss of a system depends largely on the prior 
information pertaining to the background conditions of the system.

– UNEP 2008 Water Quality and Human Health

Strategies for Water Data 
Asset Management
Twenty-first century technologies are tunneling 
through the 20th century institutional barriers that 
have traditionally separated water quality monitoring 
from hydrometric monitoring. The flow and the 
constituents of water are integrative measures of all 
upstream activities in the watershed. Accurate and 
timely information about watershed health is 
essential to awareness, understanding, warnings, and 
the development of mitigation strategies for a wide 
range of water quality impairments.

Agencies with a traditional focus on water quantity 
are now deploying a wide range of continuous water 
quality sensors and are taking water quality samples 

in support of this new monitoring. Agencies with a 
traditional focus on water quality sampling are now 
deploying continuous sensors and taking advantage 
of new stream gauging technologies to obtain 
discharge measurements.

It is increasingly the case that water quality 
specialists have to figure out how to develop stage-
discharge rating curves and that water quantity 
specialists have to figure out how to manage data 
and metadata from laboratory analyses. They all need 
to figure out how to handle the many new water 
quality parameters that are being recorded on 
high-frequency data loggers. They all need to figure 
out how to use these new data sources to create 
reliable, trustworthy, helpful information.

Such cross-domain data management was not even 
possible at the end of the 20th century, when first 

generation data management software could take 
years to learn how to use. Modern data management 
systems provide a streamlined user experience with a 
quick learning curve complete with a fully traceable 
audit trail for data quality.

Nutrients, pollutants, and environmental tracers are 
highly dependent on flow dynamics and vary with 
discharge fluctuations. Synchronization of laboratory 
results with continuous discharge records used to 
require a coordinated effort between specialists in 
different agencies making data requests through their 
respective database managers. Synchronization of 
data from different databases now happens in 
seconds.

Firewalls and cyber-security measures for protecting 
in-house data servers provided an impenetrable 
barrier often isolating the data from cooperative 

monitoring agencies from each other. Modern, 
cloud-based systems provide secure, reliable data 
storage opening up new opportunities for search, 
discovery, and controlled access to all relevant data 
within a watershed. International agreements on data 
inter-operability standards, such as the Open 
Geospatial Consortium, are effectively eliminating 
barriers for data exchange between agencies.

Powerful new web portals integrate time series and 
geospatial data for rapid assessment, or detailed 
consideration, of meaningful information customized 
for many distinct end-uses. Visually rich information 
enables stakeholders to identify trends and 
hydrological issues in seconds. Each community of 
stakeholders can now have a web page customized 
to their specific information requirements.
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“Transformation of data into information needed by audience: Data needs to be conveyed 
in various forms depending on the need and preferences of the audience.”

– CCME 2015

Strategies for Water Data 
Asset Management
Twenty-first century technologies are tunneling 
through the 20th century institutional barriers that 
have traditionally separated water quality monitoring 
from hydrometric monitoring. The flow and the 
constituents of water are integrative measures of all 
upstream activities in the watershed. Accurate and 
timely information about watershed health is 
essential to awareness, understanding, warnings, and 
the development of mitigation strategies for a wide 
range of water quality impairments.

Agencies with a traditional focus on water quantity 
are now deploying a wide range of continuous water 
quality sensors and are taking water quality samples 

in support of this new monitoring. Agencies with a 
traditional focus on water quality sampling are now 
deploying continuous sensors and taking advantage 
of new stream gauging technologies to obtain 
discharge measurements.

It is increasingly the case that water quality 
specialists have to figure out how to develop stage-
discharge rating curves and that water quantity 
specialists have to figure out how to manage data 
and metadata from laboratory analyses. They all need 
to figure out how to handle the many new water 
quality parameters that are being recorded on 
high-frequency data loggers. They all need to figure 
out how to use these new data sources to create 
reliable, trustworthy, helpful information.

Such cross-domain data management was not even 
possible at the end of the 20th century, when first 

generation data management software could take 
years to learn how to use. Modern data management 
systems provide a streamlined user experience with a 
quick learning curve complete with a fully traceable 
audit trail for data quality.

Nutrients, pollutants, and environmental tracers are 
highly dependent on flow dynamics and vary with 
discharge fluctuations. Synchronization of laboratory 
results with continuous discharge records used to 
require a coordinated effort between specialists in 
different agencies making data requests through their 
respective database managers. Synchronization of 
data from different databases now happens in 
seconds.

Firewalls and cyber-security measures for protecting 
in-house data servers provided an impenetrable 
barrier often isolating the data from cooperative 

monitoring agencies from each other. Modern, 
cloud-based systems provide secure, reliable data 
storage opening up new opportunities for search, 
discovery, and controlled access to all relevant data 
within a watershed. International agreements on data 
inter-operability standards, such as the Open 
Geospatial Consortium, are effectively eliminating 
barriers for data exchange between agencies.

Powerful new web portals integrate time series and 
geospatial data for rapid assessment, or detailed 
consideration, of meaningful information customized 
for many distinct end-uses. Visually rich information 
enables stakeholders to identify trends and 
hydrological issues in seconds. Each community of 
stakeholders can now have a web page customized 
to their specific information requirements.

IMPROVING |  15

http://www.ccme.ca/files/Resources/water/water_quality/Guidance%20Manual%20for%20Optimizing%20Water%20Quality%20Monitoring%20Program%20Design_1.0_e.pdf


Conclusion 
There is a popular misperception that effective 
information management, at a watershed-scale, is an 
unachievable objective. There are too many 
stakeholders with diverse information requirements. 
The metadata describing the context of data 
relevance is too complex to explain to non-experts. 
There are too many agencies and jurisdictions 
collecting data for different purposes and standards.

This misperception is a self-fulfilling justification for 
ignoring information management as a core 
objective. This misperception is grounded in the 
information technologies of the 20th Century, which 
have been unable to respond to the pace of change 
in 21st Century environmental monitoring and 
unprecedented upscaling of information transactions 
as a powerful social force.

Threats to freshwater resources can be avoided or 
mitigated by effective information management. 
Preparation, warning, and response to droughts, 
floods, and poor water quality events are improved 
with effective information management. Ensuring 
that the right information gets to the right people at 
the right time to make the right decisions is a choice 
now available for all water monitoring agencies.

The best regarded, most responsible, water 
monitoring agencies have an active strategy for 
managing their data to produce effective and 
impactful information for a wide variety of end-uses. 
These agencies engage with stakeholders to 
understand and characterize information needs and 
requirements. They give priority to their primary 
stakeholders, but they do not neglect secondary (and 
future!) uses of their data. They centralize their data 
for improved security, integrity, and reliability. They 
automate their procedures to ensure timeliness, 

cost-effectiveness, and to trap data errors. Their 
experts oversee the data using advanced 
visualization and analytics to ensure data errors do 
not persist to result in end-use decision errors. They 
have fully auditable traceability and provenance for 
all data, whether collected by sampling or continuous 
monitoring. They generate meaningful, context-rich, 
information by integrating analytical laboratory 
results, continuous water quality parameters, water 
level and flow, groundwater data, and weather data 
through a geospatial user interface. Their web portals 
provide as many views of the information as there are 
unique end-user information requirements.

A better water future is being realized where ever 
the principles and practice of management of water 
data as a strategic asset are being embraced. A 
coordinated and efficient information strategy means 
that data are collected that are known to be 
representative of the information requirements of all 
stakeholders. The validity of the data is affirmed by 
trusted procedures. The fitness of data for a specific 
purpose is supported by discoverable provenance. 
Helpful, context-rich information is created using all 
relevant data, regardless of its source. This 
information is made available to stakeholder as they 
need it and when they need it.

There are many problems of water availability, 
security, and sustainability that are occurring, often 
simultaneously, in any watershed. The solution to 
these problems can begin by asking the question: 
“Who needs what information, for what purpose, and 
how are they going to get it?” And the corollary: 
“How much would it cost to manage information as a 
strategic asset and what would be the sum of 
benefits?”

Monitoring technology is rapidly changing.  “Whenever one 
makes observations at a scale, precision, or frequency that was 

previously unattainable, one is almost guaranteed to learn 
something new and interesting” – Kirchner 2006
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Aquatic Informatics™ provides leading software solutions that address critical water data management and analysis 
challenges for the rapidly growing environmental monitoring industry. It is trusted worldwide by hundreds of 
federal/state/provincial/local government departments, hydropower operators, mining companies, academic groups, 
and consulting organizations, who collect, manage, and process large volumes of water quality or quantity data. 
Aquatic Informatics has earned a global reputation for innovation in environmental data management by serving the 
world’s preeminent agencies, including the US Geological Survey, Water Survey of Canada, and the New Zealand 
National Institute of Water and Atmospheric Research.

Modern software for insight into your water data.
 
AQUARIUS is the preferred software suite to acquire, process, model, and publish water data. Over 500 
environmental monitoring agencies in 50 countries trust AQUARIUS to produce accurate hydrological information in 
real-time. A modern design delivers the latest water science in an intuitive experience to ensure a smooth transition 
to modern best practices. Simplified data management, analysis, and information sharing enable better decisions for 
the sustainable management of water resources.

To watch a 3 minute video of AQUARIUS or to learn more, please visit www.aquaticinformatics.com.
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