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Foreword 
 

Within the context of the AQUASTAT database, metadata is assigned at three levels: database, 

concept (variable/country/year), and data-point. This document describes AQUASTAT's 

experience in designing and implementing a system whereby contextual qualitative information 

(metadata) can be applied directly to data-points.  The target audience for this document is other 

data owners/managers that might be interested in adding structure to their notes.  

 

Each data-point level metadatum in the AQUASTAT database is described by three traits: 

 

 Visibility: Internal; Peer (pre-approved colleagues in other agencies); External (public) 

 Category: One of 9 categories (Reference Area, Reference period, Comparability – 

geographical, Comparability – over time, Adjustment, Overall Accuracy, Components, 

Observations, Methodology) 

 Stickiness: Indicating whether the metadatum applies in general to that variable/country/ 

year slot, or to the current value of that variable/country/year slot 

 

The introduction of data-point level metadata has benefited end users and AQUASTAT staff by 

allowing for: 

 

 Provision of additional information on components that are not formal variables or 

physical areas in the AQUASTAT database, or any other contextual information 

 Greater flexibility to explain the proper usage when reporting slightly-questionable data 

(as opposed to the binary publish/don't publish choice) 

 Documenting the decision-making process by storing internal notes that explain the 

acceptance or rejection of specific data-points 

 

This document describes the metadata concept, provides examples, and shows how the system 

has been implemented in the AQUASTAT database. 
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1.   Introduction 
 

1.1.  What is metadata? 

 

Quite simply, metadata is “information about information”. While metadata classification schemes 

change depending on what standards are being used, there are generally two types of metadata: 

“That which helps you find/identify something”, and “that which helps you understand more about 

something”. Within the context of this report, we are mainly referring to the latter, sometimes called 

“descriptive metadata” or “metacontent”. Descriptive metadata can be interpreted in many ways, 

and therefore, it can be applied to just about anything.  

 

Some examples in daily life might be:  

Item Measurable data Metadata 

An apple in a store “redness” Colour scale and instrument used to determine the colour 

A phone call Conversation topic Phone number called, length of call, phone used to place call 

Pants Cloth type Source and price of cloth used 

 

1.2.  Metadata within AQUASTAT 

 

Some fictitious (and therefore unit-less) examples within the AQUASTAT database are: 

Item Data Metadata 

Total water withdrawal in Jordan, 1992 22.4     1.4 in region A, 21 in Region B 

Area equipped for irrigation in Mexico, 2012 5        Another source has a value of 5.2 

Total renewable water resources of Kenya, 2000 700        Period of reference 1971-2000 

 

AQUASTAT uses descriptive metadata to help add details to disseminated data. In order to 

accomplish this, some concepts are borrowed from a multi-dimensional database approach, even 

though the AQUASTAT database is not multi-dimensional. This is done at various levels across the 

Programme, but this report focuses on metadata within the context of the AQUASTAT main country 

database, which can be thought of as being three tiered:  

 

1. Database: At the highest level, AQUASTAT has metadata about its database (Annex 1). This 

metadata explains the database structure, how it is updated, quality-controlled, etc. This is 

based on the Euro SDMX Metadata Structure (release3, March 2009). 

2. Concept: The database has three concepts (or if visualized as a cube, three dimensions): 

Variable, Country, Year. Metadata is available for these dimensions, as follows: 

a. Variable - The AQUASTAT glossary contains all variable-level metadata. This includes the 

following qualifying attributes: 

 definition 

 unit 

 related terms 

 general subject 

 definition source (if available) 

 if part of a collaboration, collaborating agency 

http://epp.eurostat.ec.europa.eu/cache/ITY_SDDS/Annexes/ESMS_Structure.xls
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b. Country - AQUASTAT provides country profiles for most countries in Africa, Asia, Latin 

America and the Caribbean. To the degree that these profiles add context to data, they 

could be considered country-level metadata 

c. Year - Some years are significant from a historical perspective, for example 0 (Common 

Era started), 1914 (World War I started), 1992 (Rio Summit), etc. But years that have 

global significance are few and far between, it is more likely that significance is linked to 

year/country slices. Therefore AQUASTAT does not record metadata for the year 

dimension. 

3. Data-point: The data-point level is the most 

specific case, and represents the intersection of 

the three dimensions, as shown in Figure 1. This 

explains why we call the relevant concepts of each 

data-point the “triplet”. For example: Total water 

withdrawal, Mexico, 2010 (“variable/country/year” 

triplet). There are many notes that might be 

applicable to the data-point level, and this 

document explains the means by which AQUASTAT 

gained the ability to issue and manage this 

metadata. 

 

It is worth noting that AQUASTAT does have variable_ids and country_ids that correspond to regions 

and country groups, which are not managed anywhere. These plural entities are discussed in greater 

detail in section 3.2.2. 

  

The purple (country-variable), green (variable-year) and orange (year-country) intersections or slices 

in Figure 1 are discussed in greater detail in Section 3.2.1. 

 

1.3.  What is the utility of metadata? 

 

1.3.1.  Utility to the public 

 

Better data understanding 

 

Several types of data users obtain data from the AQUASTAT database. As an example, a modeller will 

use the data on a specific topic differently than someone looking for an “order of magnitude” 

estimate. Historically, this has caused a problem for AQUASTAT staff in terms of deciding whether to 

include questionable data in the database or not. This was addressed by attaching a Symbol to the 

data-point if necessary. In AQUASTAT, the following symbols are used: 

 

L Modelled value 

I Internal estimate 

E External value (reported by another international agency) 

K Aggregate value, either an aggregate of more than one source, or a calculated value depending on 
values with mixed symbols that include “external” values (E) or aggregate values (K) in addition to at 
least one value without a K or E symbol 

  

 FIGURE 1 
 Interaction between AQUASTAT 

database dimensions 

1. AQUASTAT db

2.a. Variable

2.b. 
Country

2.c. 
Year

3. Data-
point
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The link http://www.fao.org/nr/water/aquastat/qualifiers/index.stm contains more information 

about the symbols. Efforts were made to ensure that the AQUASTAT flag system was in compliance 

with internal standards developed by FAO. 

 

While this was a good start in terms of identifying data that could only be used within certain 

contexts, it lacked detail. A data-value may have been modelled, but did it fit the model well or was it 

almost an outlier? Data-values may have been internal estimates, but what were these estimates 

based on? Metadata, in addition to these symbols, allowed for a much greater degree of granularity 

to the qualifications issued to each data-point. Since the analysis and conclusions were anyway being 

performed, assigning them to the data-point was a natural step, and provides this extra information 

to the end user. 

 

More data 

 

In reality, there is infinite information that could be quantified about water resources, water uses 

and irrigation. Each country selects and quantifies the information it feels is most relevant for 

decision-making given its budgetary and institutional allowances. The AQUASTAT database has 

created a common set of variables from the offerings of each country which hopefully provides 

enough specific information without being so specific that data is only available for few countries: an 

average set of variables, so to speak. This means that there are many countries that report more 

information than what is stored in the AQUASTAT database. Metadata provides for the ability to 

store some of this information within the cells of the variables that ARE reported by AQUASTAT. For 

example: 

 

 reporting the volume of treated municipal wastewater as data, and the treatment levels as 

metadata 

 reporting the volume of groundwater withdrawal as data, while providing the groundwater 

withdrawal by sector as metadata 

 

Metadata can also be used to describe geographical distributions. For example, Area equipped for 

localized irrigation would have a data value for the country, but metadata could be added to state 

exactly where this irrigation is taking place. 

 

These are just a few examples in which metadata can be used to provide more data to end users. 

 

Incomplete data 

 

Data is frequently available for cities, states, hydrological groups, or other geo-political entities. In 

cases where data is provided for all geographical areas of a country, AQUASTAT can sum these and 

obtain a national value which can be inserted in the database. However, it is more frequent that data 

is only available for a few entities, but not all. This used to present a moral dilemma for AQUASTAT 

staff: should the sum of these entries be entered into the database as a national figure that’s clearly 

underestimated, or should the data be ignored altogether? Metadata simplifies this decision: If data 

is available for ALMOST the whole country, then the data can be entered into the database, and a 

metadatum entered explaining that this point is slightly underestimated, and why. More commonly 

http://www.fao.org/nr/water/aquastat/qualifiers/index.stm
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though, the information we do have is simply entered as metadata on a blank value, allowing users 

to see what information there is. 

 

1.3.2.  Utility to data managers 

 

Behind the scenes, metadata allows AQUASTAT staff to substantially improve operations in a few 

ways as well. 

 

Centralization of notes and caveats 

 

Everybody who works with data understands that every number depends directly on a variety of 

preliminary calculations and validations. At times, different data are presented by different sources, 

and AQUASTAT staff frequently has to decide which source to believe based on an unfortunately 

underwhelming amount of information. Each of these calculations and validations are important in 

ultimately determining whether a data-point is cleared for upload or not and, once uploaded, the 

conditions under which the point should be allowed to remain. Over the course of work, this 

information is stored in a variety of media: emails, post-it notes on the desk, excel spreadsheets, 

comments in word documents, etc. Keeping all this accompanying information organized is a task 

that requires significant time investment, and even the most organized data operators would 

struggle to find context to very old data. 

 

This is where the sanity-preservation component of the AQUASTAT metadata implementation 

becomes evident: it allows for all of these notes to be stored together with the data-point itself, 

virtually eliminating the need to store a parallel set of notes. Of course, this type of metadata must 

be internal, since at times confidential information is used to validate data-points. 

 

Workflow documentation 

 

The AQUASTAT database records who uploads data into the database, but the exact workflow before 

data upload is not recorded. This is where metadata again provides the ability to write a detailed 

“chain-of-custody” of sorts, explaining every step that went into the upload of each data-point if 

required. While in AQUASTAT this list tends to be short due to the fact that AQUASTAT counts with 

few staff, the concept is scalable to any size. 

 

Political correctness without sacrificing accuracy 

 

At times, the data and metadata that AQUASTAT disseminates are in some way affected by political 

influences. These influences might take the form of a country ministry insisting that a value be used, 

a dispute due to territories, or the full situation not being politically correct to discuss. Metadata can 

be used to confidentially keep track of these situations, as well as documenting why certain notes 

must be kept internal, while providing only approvable content externally. 
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2.   Background to descriptive data-point metadata in AQUASTAT  
 

Metadata has been gathered by AQUASTAT from the beginning, even if it wasn't always called 

“metadata” as such. Aside from storing “additional information” in approximately 20 files (word files 

explaining the “decisions and checks” relevant to each upload exercise, topical reports for expert 

analyses, and methodology questionnaire summaries), there were two efforts to store metadata in 

an organized fashion before: the “Water Resources Sheets” notes and the “Journal History” 

comments, explained in detail below. 

 

2.1.  “Water Resources Sheet” notes 

 

AQUASTAT’s Water Resources Sheets (WRS) are one-page pdf files where information on water 

resources is organized by country. Prior to these automatically generated pdf files, they were hand-

filled excel sheets by country, separate from the database. Frequently, additional information was 

known about the particular data values listed in these excel sheets, and in these cases the additional 

information was provided as a footnote in the sheet. In order to minimize confusion, a change was 

made by AQUASTAT to dynamically create WRS in pdf format directly from the database, as this 

eliminated operator error, and also added agility to the data update process by only requiring data to 

be added/updated/changed/deleted in one place. While this was a great improvement, it left the 

footnotes (metadata) in the excel file orphaned. Rather than lose these notes, the decision was taken 

to create a special “water resources sheet notes database” which stored WRS notes and then ported 

them to the pdf files. 

 

This system worked well, but gave rise to these questions: Why present this information, 

disconnected from the database, only in the WRS? Why not in the database itself? Why provide 

contextual information only for water resources? Additional information is available for many 

variables, and it would be beneficial to have all these connected to the data. 

 

Development work on the externalization and formalization of metadata began at that point, which 

ultimately led to the creation of the metadata database.  

 

2.2.  “Journal History” comments 

 

The AQUASTAT Journal History keeps track of all the data changes in the main country database. This 

includes data entries, modifications, and deletions, including changes in the Data Symbol and the 

Source. The structure of the Journal History is as follows: 

 

1. Date/Time 

2. Operation 

3. User (person who uploaded the data) 

4. Country/Region 

5. Variable 

6. Year 

7. Value 

8. Original Value 
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9. Source ID 

10. Source Title 

11. Source Type 

12. Personal Author 

13. Corporate Author 

14. Source Year 

15. Comments 

 

All this information is recorded for one data-point upload operation, which is given an ID. Item 

number 15, the “comment” allowed AQUASTAT staff to enter a note into the journal, explaining 

something about the data-point. This field was used only very occasionally, such that eventually the 

ability to upload comments through .csv file was removed. At that point, the use of this feature was 

diminished even further since the only way to enter a comment was by clicking the cell during the 

validation phase and entering the comment directly for that data-point. This usage was adequate for 

AQUASTAT needs for several years, but when the concept of metadata started to get discussed more 

thoroughly, this option was looked into first. 

 

Three main problems were identified when using the “Comments” field as the metadata 

dissemination mechanism: 

 

1. The field has been already pre-populated with comments, some of which could be released 

externally, some of which couldn’t 

2. There is no way to upload metadata by .csv file 

3. There is no provision for disseminating this metadata 

 

Issue number 2 and 3 would require intervention by IT staff (outside of AQUASTAT), and was 

therefore temporarily held. It was decided that Issue number 1 needed to be resolved no matter 

what, so AQUASTAT reclassified the comments according to how appropriate each comment was for 

viewing by the general public. The comments selected to be external were informative, non-

confidential, and in line with FAO regulations. Of course, once this work was finished, the obvious 

question was: “What should be done with the internal notes that had been gathered?”  

 

Since it would be a pity to either delete them or remove and save them as another file of notes after 

these notes had already been associated to the data itself, conversations were held with the IT staff 

to estimate the implications of adding another column to the Journal History, so as to have one 

column for internal metadata and one column for external metadata. After substantial analysis and 

contemplation, it was determined that this could be accomplished without significantly affecting 

other areas of the database. 

 

At this time, AQUASTAT was responsible for the implementation of the Federated Water Monitoring 

System (FWMS) and Key Water Indicator Portal (KWIP) Project, on behalf of UN-Water 

(http://www.unwater.org/kwip). During this project, AQUASTAT was sharing data and metadata with 

other agencies and, as such, the need for a third visibility type was identified: comments that are 

technical and relate to data quality but are not fit for public dissemination, but also don't reveal 

anything confidential. 

http://www.unwater.org/kwip
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In AQUASTAT, the metadata that had been harvested from the Journal History comments ranged 

from source-related information to accuracy comments to additional information. Since this was a lot 

of material to go through every time the notes were explored, the need to only discuss a certain type 

of metadata was also identified. Hence the requirement for metadata categorization came about. 

 

It slowly became evident that in order to accomplish the metadata goals of AQUASTAT, small 

adjustments to the Journal History would not be sufficient. A new metadata database was required, 

with a Journal History of its own (this way changes to the notes themselves could be tracked). 

 

The following section documents the process of creating this metadata database. 

 

 

3.   Development of the data-point level metadata system in AQUASTAT 
 

3.1.  Basics 

 

3.1.1.  Summary of needs 

 

 A back-end Control Panel to insert/manage/delete metadata accessible to authorized data 

managers; the metadata itself viewable by external users only through the AQUASTAT main 

country database. 

 Three visibilities for metadata: Internal (AQUASTAT staff), Peers (collaborating agencies), and 

External (general public). 

 Cells within the main AQUASTAT database dissemination (external) and working (internal) 

systems that have metadata are highlighted in a special colour to show that metadata is 

available for that specific point; users click on this cell to view the metadata in a pop-up. 

 All metadata versioned in a Journal History; only the last version is shown externally. 

 Three languages to be supported externally (English, French and Spanish); internal metadata 

and system is in only one language (whichever is most relevant). 

 Possibility for individual metadata to be more than 255 characters (the character limit for 

cells in some versions of Excel). 

 Metadata having a pre-determined number of concepts/categories. 

 Metadata can be assigned to blank cells (don’t have a value) 

 There should be a way that data managers can decide whether changing data either removes 

associated metadata or leaves it in place. 

 It is not necessary to keep track of the Metadata source  

 

3.1.2.  Metadata typology in AQUASTAT 

 

Each metadatum is described by an ID and three descriptors: Category, Visibility, and Stickiness. 
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Category 

 

When trying to conceptualize metadata categorization per se, there are a few things to consider. At 

its root, the metadata category should answer the questions: “What kind of comment is this? Who 

should want to read it?” It’s important to have enough categories to be meaningful, but no so many 

that it’s impossible to draw commonalities. With these requirements in mind, we analysed three 

possible categorization schemes: 

 

1. Fully ad hoc categories: AQUASTAT staff can choose whatever category makes sense at the 

time. While this provides full liberty and thus maximum accuracy matching the text to the 

perfect category, it is limited on three aspects: a) it’s difficult for users to identify or find the 

type of metadata they want to look for, b) given that different people can input metadata, 

personal biases would probably make metadata categorizations inconsistent, and c) free text 

as a category type would mean that the list of categories would continue to grow, with for 

example three different categories being “Methodology, methodology, methods”. 

2. ONE Short fixed list of metadata categories: This list could be selected to represent broad 

categories that are relevant to the AQUASTAT database. The benefits to this strategy are: 

a) it is easier for users to find something they can relate to and thus express a preference to 

see the metadata (or to hide it), and b) if the list is short enough, personal biases in metadata 

categorization by staff are less marked since there is a known and limited number of options. 

The downside is that, frequently, the metadata won’t fit any category perfectly, and some 

compromises in terms of categorization have to be made. This means the metadata within 

each category are slightly less impactful. 

3. MANY fixed category lists, each applicable to a different variable group: For example: for 

water resources, reference period, assessment methodology and components are relevant, 

whereas for wastewater, treatment type, reference areas, number of plants and capacity are 

relevant, whereas for irrigation, crops irrigated, and irrigation typology are important, and so 

on. Each variable group has metadata that are commonly used for that category, in addition 

to overall metadata like accuracy, adjustments, etc. To have a system that allows for specific 

notes that consider that specific group (or even variable) would allow for the maximum level 

of accuracy in assigning and retrieving metadata categories. 

 

Therefore, System 3 is probably the best suited categorization method. Unfortunately, this metadata 

categorization scheme is very complicated to implement, and was beyond the financial resources 

allotted. A proposal was considered where all the metadata categories from the “many fixed 

category lists” could be combined in one big list, so to use all the metadata that would have gone 

into strategy 3, but make a fixed list like strategy 2. This, however, was deemed unwieldy in that 

most variables would have metadata slots empty because those metadata categories simply didn’t 

apply. In the end, System 2 was found to be an adequate choice, in that it filled both staff and user 

needs, while being the least complicated to implement which also meant that the cost and 

requirement for ongoing maintenance were most favourable. 
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The following categories, considered as the most relevant to AQUASTAT data, were selected from the 

Euro-SDMX document: 

 

Identifier Category Simple explanation 

1 Reference area Is there anything particular about the country? For example: “includes island 
X”, or “only region Y was covered”, or “these results are only for city Z”. 

2 Reference period Are there any details about the dates? For example: “the average annual 
precipitation is based on the average precipitation during the years 1961-
1990”, or “data actually from 1998”. 

3 Comparability – 
geographical 

Is there anything that makes this number difficult to compare to numbers in 
other countries? For example: “the definition calls for using Method A, but 
Country X uses Method B”. 

4 Comparability – 
over time 

Did anything happen to make numbers not comparable to numbers for this 
country in other years? For example: “country X included the precipitation 
from a new station in 1998, which makes the data after 1998 incompatible to 
the older data”. 

5 Adjustment Was any data adjusted? For example: “we noticed a typo in the literature 
from Country X, and corrected it in the database”, or “a consultant provided 
values for a specific variable that did not include yy, therefore, AQUASTAT 
added yy”. 

6 Overall accuracy Do we know or suspect the data to be of low accuracy, or are there certain 
applicability criteria? For example: “in country X, the value of variable Y 
tripled in 5 years”. 

7 Components Does the data provide details about how that number is made up? For 
example: “flow of border rivers is 10, consisting of 5 from river A, 3 from river 
B, and 2 from river C”, or “the sprinkler irrigation for country y is as follows: 2 
in region A, 3 in region B, and 4 in region C”. Only components that are not 
actual variables are put here. If variables already exist, then information is 
entered into those variables as data, not as metadata in related variables. 

8 Observations General contextual notes about a country. For example, “country X receives 
a lot of water from country Y”. 

9 Methodology If the method in which a value is calculated is stated and doesn't fit into any 
of the categories above, it should go here. 

 

Visibility 

 

The following visibilities are possible:  

 

Identifier Visibility  

W Working system (internal) - AQUASTAT staff only (only English) 

F Peers - Pre-approved partners only; login required (only English). The identifier “F” is selected 
because the project under which this visibility was required was called the Federated Water 

Monitoring System (FWMS) Project 

P Public or Dissemination system (external) - visible to all (three languages possible) 

 

The visibility scheme is hierarchical: the AQUASTAT working system displays metadata identified as 

W, F, and P; the FWMS front-end shows F and P metadata; and the AQUASTAT dissemination system 

shows only P metadata. 

 

For example, a metadatum type P5 is one that describes an “Adjustment”, and can be published to 

the dissemination system, for all users to see. This of course is also visible from the FWMS screen and 

from the AQUASTAT working system. W1 would denote a metadatum about “Reference area” that is 

visible only to AQUASTAT staff.  
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A note on languages: Metadata that has a visibility W or F is only viewed by authorized people, and 

therefore can be in any language. Metadata with visibility P is external, therefore (in theory) needs to 

be in the three languages in which AQUASTAT is available: English, French and Spanish. However, 

there might be some time lag between entering the metadata and having it correctly translated in 

the three languages. During this time, the English metadata field is provided for all languages. 

Therefore, the system ensures that at least the English note is included during metadata uploading. 

 

Stickiness 

 

The concept of metadata “stickiness” arose out of the recognition that some metadata are more 

generally applicable to a specific data slot, whereas other metadata apply to the specific value.  

 

The following behaviour applies to metadata stickiness: 

 

Identifier Stickiness 

S 
Sticky metadata is linked to a concept for that variable/country/year, therefore remains even if the 
previous value of that data-point changes 

N 
Not-sticky metadata is linked to a specific data value, therefore it is deleted as soon as the value to 
which it’s linked is changed 

 

As an example: 

 

Md type Example Explanation 

Sticky It rained a lot that year, which explains why 
less water for irrigation was required 

This comment is true regardless of the value of 
water for irrigation (within reason) 

Not-sticky 3.2 is made up of 3.1 in Region X and 0.1 in 
Region Y 

This comment is only true while the value is 
3.2. Any change in data-value makes this 
metadatum obsolete 

 

One way this can be managed is by having two types of metadata, one that always applies to the 

value, and one that never applies to the value. Managing two separate systems of metadata might 

seem like it would simplify the technical requirements substantially but considering that this would 

require two different metadata databases with tracked changes, it was determined that it would be 

easier to have one system for all metadata, and provide a flag that would determine the behaviour. 

Also, from a data point of view, there isn’t always a large difference between sticky and non-sticky 

metadata, so it was felt that having two separate systems was perhaps unjustified. 

 

The term “stickiness”, while slightly informal, was found to be more intuitive in a multi-cultural 

setting than “pervasiveness”, or other terms used to describe the concept of data-value 

independence. Other referred to the concept of stickiness as “metadata assigned to the key versus 

assigned to the value”, but that description could not be converted into a noun. Thus, the word 

“stickiness” simply stuck. 

 

Metadata that is entered as sticky applies also to future updates of that data-point, until AQUASTAT 

staff manually removes it. Metadata that is not-sticky is automatically removed as soon as the value 

changes. An example of metadata stickiness is provided below: 
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Big decision: 

Decided to use the value of the 
data-point as part of the metadatum 
key, even if it’s not a ’best practice’.  
Consequences: can’t upload data 
and metadata together 

 STICKY  

Existing metadatum:   

 Value Metadata 

Variable A / Country X / Year Y 3.2 P8S - It rained a lot that year, which 

explains why less water for irrigation was 
required 

   

Data gets updated some time later to:   

 Value Metadata 

Variable A / Country X / Year Y 8.8 P8S - It rained a lot that year, which 

explains why less water for irrigation was 
required 

   

 NOT-STICKY  

Existing metadatum:   

 Value Metadata 

Variable A / Country X / Year Y 3.2 P8N - 3.2 is made up of 3.1 in Region X 

and 0.1 in Region Y. 

   

Data gets updated some time later to:   

 Value Metadata 

Variable A / Country X / Year Y 8.8 <metadatum automatically deleted> 

 

In order for stickiness to work correctly, the data-value needs to be provided with the metadata. This 

value is checked against the database value to make sure that the metadata applies to that specific 

value. Thus, the value can almost be considered part of the “key” for each metadatum. This means 

that data and metadata changes can’t be passed to the database together, because the system needs 

to know whether a “data mismatch” is accidental and therefore the metadata shouldn’t be uploaded, 

or if the data should be changed to the new value (Section 3.3.4). 

 

It is recognized that using the value in the key is not a best practice, because values can be anything, 

especially for calculated numbers (which can frequently have trailing decimal places which make 

value matching messy). Two other options could have been used: 

 

 the ID in the data Journal History where the value was inserted could be stored to cross-

reference the value 

 the particular value of that data-point (triplet and value) could be stored with a Unique 

Identifier (UID) and metadata assigned to that UID 

 

Several discussions were held with IT staff to determine the risks and costs of all options. The first 

thing discussed was whether using the value as part of the key would even work at all considering 

trailing decimals. Conveniently, values within the AQUASTAT system follow a strict “4 significant 

figure” rounding rule as follows: 

 

- 1 111.11 gets rounded to 1111 

- 111.111 gets rounded to 111.1 

- 11.1111 gets rounded to 11.11 

- 1.11111 gets rounded to 1.111 

- 0.111111 gets rounded to 0.1111 

- 0.0111111 gets rounded to 0.0111 
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- 0.00111111 gets rounded to 0.0011 

- 0.000111111 gets rounded to 0.0001 

- smaller values are rounded to the first non-zero value; for example 0.0000111111 gets 

rounded to 0.00001 

 

Therefore, value rounding was not deemed to pose a problem.  

 

In parallel to this problem, some deliberation was given to whether the data-point symbol and 

source ID should also be used as part of the key. This question can be put into the following form: “If 

I have a non-sticky metadatum attached to a specific value, should changing the data-point symbol or 

source remove this metadatum?” There is no right answer to this question as the specifics of each 

particular metadatum can vary quite significantly. In the end it was decided that, “no, changing the 

Symbol or Source of a value should not remove non-sticky metadata”.  

 

The ID in the data Journal History where the value was inserted could be used to cross reference the 

value, but since the Journal History stores everything about a value, including the symbol and source 

used, any change would force non-sticky metadata to be lost. AQUASTAT preferred for metadata to 

be dropped only when the value itself is changed, not the symbol or source. Therefore this was not a 

favourable approach. 

 

The UID option would work well in this case, but required a complete redesign of the database and 

was therefore financially unrealistic. 

 

After careful analysis, it was determined that the risks of using the value did not merit a system 

redesign considering limited financial resources available, and therefore the value was kept as part of 

the key. Thorough testing found the system to be quite stable.  

 

It should be noted, however, that this analysis holds true to the AQUASTAT database; for other 

databases conclusions might be different. 

 

3.1.3.  Metadata identification strategy 

 

Metadata are identified by the autoincremental database index, a value called Sequence, specified 

by the database at the time of insertion. This allows for the subsequent control of individual 

metadata. Using sequential numbers does create the possibility for errors if two AQUASTAT staff 

upload metadata at the same time, but due to the large amount of communication between 

AQUASTAT staff, this risk was determined to be low and not worth the development time (and thus 

cost) to implement a UUID.  

 

3.2.  Considerations 

 

3.2.1.  Revisiting metadata context in AQUASTAT 

 

Considering the three ways to describe metadata - visibility, category, and stickiness - let’s again 

revisit the dimension scheme within AQUASTAT (variable, country, year), also considering the 
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intersections between any two dimensions (duplets, or 

slices) (Figure 2). As a result, we find that there are more 

potential metadata locations (dimensions and slices), in 

addition to the ones described in Section 1.1: 

 

Location Metadata 

Variable Definition 

Year <none> 

Area Country profile 

Variable-year Current concept definition 

Year-country Nationally significant event 

Country-variable National concept interpretation  

Variable-country-year Data-point note 

 

Explaining the three new locations further: 

 

 The green variable-year area, or the “current interpretation/definition of a concept”, 

represents the fact that the cultural definition of concepts can change over time. Some 

examples are: “Corn”, which used to mean a ‘little hard thing’ but was then applied to 

maize; or “Water scarcity” which used to always be physical but now can be institutional, 

physical or economic. This metadata is sticky since it doesn't depend on values, and might be 

of types “Methodology” as well as “Comparability – over time”. While interesting, metadata 

on this slice doesn’t have that much relevance for AQUASTAT variables. 

 The orange year-country area, or a “nationally significant event”, refers to natural and 

anthropogenic events that are highly relevant in terms of explaining national statistics. 

Events such as a tsunami or invasion by a foreign country will certainly affect the national 

data. This kind of metadata is also sticky, of type “Observation”, and highly relevant to 

information on water resources, uses, and irrigation. While AQUASTAT doesn’t collect and 

disseminate this information for external users, readers are encouraged to seek out other 

reporting agencies that have relevant information. 

 The purple country-variable area, or the “national interpretation of the concept”, refers to 

the fact that different countries gather statistics that are nationally relevant, without 

necessarily worrying about the value of maintaining international comparability. Metadata 

of this type is sticky and type “Comparability–geographical” or “Methodology”, and also 

plays a role within AQUASTAT. 

 

During design conversations, the added value of being able to attach metadata for these three 

additional duplets was discussed. Ultimately, the decision was taken to apply all relevant metadata at 

the variable/country/year data-point level (triplet) only, for two reasons: 

 

1. The added value is not worth the cost to develop this feature, especially considering that end 

users would not be able to tell the difference where the metadata was attached. 

2. Allowing for metadata to be assigned to the three duplets would require the ability to assign 

metadata to groups, which would require a substantial amount of development time. See 

following sub-section for more information on assigning metadata to groups. 
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 FIGURE 2  
 More complex view of the AQUASTAT 

database dimensions 
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3.2.2.  Assigning metadata to many data-points simultaneously 

 

There is some benefit to exploring the possibility of assigning metadata to many data-points instead 

of just one data-point 1, for example, as mentioned in point 2 of Section 3.2.1. However, that is not 

the only type of “group” metadata. There are two categories: 

 

1. Single entries that are themselves a group. In other words, one area_id or variable_id that 

represents many entries. In AQUASTAT, these are: 

o Regions, that contain several countries 

o Subjects, that contain several variables 

Each of these is represented by its own ID, but in reality represents many singular items 

since the AQUASTAT database doesn’t have data by group. In other words, selecting the 

id code for Asia is equivalent to selecting all the id codes of all Asian countries. Therefore, 

it would be technically possible to assign a metadatum to a region, and having it apply 

that md to the every country within that specific group. 

2. Lists of multiple singular area_ids or variable_ids (this would be the case for the duplets 

mentioned in Section 3.2.1 for example). 

 

At the base level, both of the above mentioned types of group metadata represent the scenario 

wherein one metadatum is connected to many data-points (whether a formal group with a variable, 

a duplet or an ad hoc group). This concept was ultimately not implemented because as soon as the 

metadatum no longer applied to one of the group members either because the data changed and the 

metadatum was not-sticky, or because AQUASTAT staff have determined it’s no longer applicable for 

another reason, a complex operation would have to take place whereby the metadatum would have 

to be deleted from that specific member and inserted individually into every other data-point of that 

group. In order to reduce error and the amount of time required to perform upload operations, this 

step would have to be automatic. The IT staff related that this would introduce substantial 

complication into the system, especially if the number of group members that no longer needed the 

metadatum was greater than one. Additionally, the Journal History for the “other” data-points in the 

group would show metadata as being inserted twice after this event: once as part of the group, then 

again as an individual metadatum. This is complicated to keep track of. 

 

Another option could be to have the metadata either applicable to the whole “group” only as long as 

it’s true for all points, and as soon as that condition is no longer true then the metadatum would be 

deleted from all points. It was determined that this situation would create an unsustainable case 

where data changes in one area affect metadata in other data-points in a way that would ultimately 

create more work than it needed to be, in addition to also having a confusing Journal History 

whereby metadata in one area is inserted and then subsequently deleted due to a change in another 

area. 

 

                                                           
1
  The possibility to assign metadata to ALL data-points within a dimension (for example, to all data-points for Mexico) is 

not discussed as it was seen to be unrealistic. If there is metadata that applies to an entire country or an entire variable 
they are managed at the dimension level and documented in either the country profile, or glossary, as stated in 
Section 1.2.  

 



21 
 

Note of caution: 

It is important to cultivate a good 
balance between reporting no 
metadata and reporting TOO MANY 
metadata. Allowing for metadata to be 
assigned to groups could lead to too 
many general metadata being 
assigned. It’s important to understand 
that there is a technical component to 
allowing metadata dissemination, but 
another “soft skill” to understanding 
what metadata should be uploaded.  

Lastly, a third option would be to store all “group” 

metadata in a separate database. While interesting as a 

concept, real-world metadata isn’t as black and white in 

terms of being clearly applicable to a group or one 

unique data-point, which would lead to a somewhat 

arbitrary division. This was deemed to again introduce 

substantial complexity (as well as computing operations 

and financial resources) to accomplish not-mandatory 

features. The convenience offered by group-level 

metadata was therefore not deemed worthwhile. 

 

Therefore, all metadata managed by this system is assigned at a data-point level (variable-country-

year intersection or triplet), with no group metadata whatsoever. That being said, there is an 

occasional need to upload the same metadatum to many data-points. Therefore, the metadata back-

end was designed such that it allows metadata to be assigned to many individual points 

simultaneously, using the same query structure (country-year-variable) that is used for data. There is, 

however, no persistent link between the data-points, and every metadatum reacts only to changes of 

the data-point to which it was assigned, not any other in that ad hoc group.  

 

3.2.3.  Assigning metadata to historical values 

 

While the system was being developed and potential metadata was being harvested from peripheral 

notes, files and emails, it became evident that many of the past data changes could be better 

explained with metadata. In order to upload this metadata, the system would need to be able to 

attach metadata not only to current points, but also directly to the Journal History. Since the Journal 

History tracks chronological changes, in a way it represents the history of the database. Directly 

modifying the historical account is a slippery slope, and considered very bad practice; it could lead to 

a complete loss of a reliable historical account of database changes. In order to understand if this risk 

was worth taking, the metadata holdings were analysed in detail.  

 

Manually going through all these documents to harvest useable notes resulted in over 80 000 

metadata. Of this, only 1 834 were ‘not-current’ (~2%), of which most were on water resource 

variables the data of which has changed such that the existing metadata was no longer valid. Also 

qualitatively, that metadata was not indispensable. Therefore it was decided that metadata will only 

be assigned to current values in the database, never back-changed on historic values. 

 

3.3.  Metadata management 

 

3.3.1.  Operations on metadata 

 

Data and metadata can be Inserted (I), Updated (U) or Deleted (D). Reviewing, data and metadata 

are not uploaded in the same file (see Section 3.1.2). First data are uploaded and then metadata. 

Data and metadata both have change logs, called Journal Histories, which archive all the events on 

each data-set.  
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Big decision: 

Decided that metadata 
should only be publically 
viewable as a result of a 
query on data, a query on 
metadata itself will not be 
possible for external users. 

Like with data, the need to make bulk operations on a very specific set of metadata itself was 

recognized. This was addressed by allowing AQUASTAT staff to upload/modify/download specific sets 

of metadata that match very specific queries. Downloaded sets already contain the Sequence (see 

Section 3.1.3), allowing staff to quickly make the modifications they require, indicate them as 

modifications or deletions, and re-upload them. The caveat here is that once the metadata set has 

been downloaded, the metadata manipulation and re-upload should be performed quickly such that 

no other database operations should have occurred between the download and re-upload. If any 

changes to the value were made between the metadata download and re-upload, then it’s possible 

that the metadatum is no longer relevant. 

 

While uploading data files leads to a data validation screen, uploading metadata-only .csv files 

bypasses the edit screen, and goes straight to the Md Report page (see Section 3.3.5). 

 

The structure of each metadatum is then described as: 

 

Area # 

Area_id # 

Var_id # 

YR # 

Value # 

Symbol E/I/K/L/C/M 

Source_id # 

Visibility P/F/W 

Category 1/2/3/4/5/6/7/8/9 

Stickiness S/N 

Text_en Text 

Text_es Text 

Text_fr Text 

Sequence # 

Operation I/U/D 

 

It was decided that metadata would only be externally viewable as it 

relates to the data. This means that only a query on data can be 

done, which then shows metadata if available, as opposed to letting 

users conduct searches for metadata as well. That being said, 

AQUASTAT staff still needed a way whereby metadata could be 

explored in and of itself, for management purposes. This led to the 

creation of a metadata query/edit interface in the working system. 

This interface allows AQUASTAT staff to focus on metadata 

operations like updating, deleting or inserting. A screenshot is provided in Figure 3. 
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FIGURE 3  
Metadata view/edit page 

 
 

 

3.3.2.  Metadata visualization online 

 

Since not all metadata is relevant all the time to all users or to AQUASTAT staff, a small selection box 

is available on the AQUASTAT database query page allowing users to filter the metadata categories In 

the dissemination system, only Category can be used to filter metadata (Annex 2), since the general 

public doesn’t see the visibility and stickiness flags (see Section 3.1.2). In the working system 

category, stickiness and visibility can be filtered (Annex 3). 

 

Once a data query is performed, data-points having metadata are displayed with a green 

background, as shown in Figure 4. 

 
FIGURE 4  
Visualization of a cell having metadata in the database 

  
 

Clicking on the green cell generates a popup that displays the metadata available for that cell. 

Obviously, in the dissemination system, only metadata with visibility P is displayed. In the working 

system, metadata of all visibilities (W, F, P) is displayed, along with the source information. Figure 5 

shows the difference between pop-ups in the dissemination system and the working system. 

 

The AQUASTAT working system keeps data for every year, but only provides the latest value of each 

period in the dissemination system. This decision was taken to minimize the adverse effect of having 

a database style that has many data gaps, due to the fact that AQUASTAT does not fill up its 

database, but only puts data for the year for which it has been able to get the data. Only providing 

one value per 5-year period also allows for some aggregates to be calculated for each period even if 

data is not available for every year.  
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FIGURE 5 
Metadata popup visualizations in dissemination and working systems 

 

 

Dissemination system (external): 
Only metadata text and category are displayed 

Working system (internal): 
All metadata information is shown, including visibility 
(P and W) and stickiness (S and N), in addition to 
source information. 

 

This system works well for AQUASTAT, although it does pose a question within the context of the 

metadata system: “if metadata exists for a blank year that is AFTER a year with data, what should be 

displayed in the dissemination system, the older data or the newer metadata?” Figure 6 describes 

the decisions taken as to what is displayed at a period level given metadata and data scenarios that 

don’t necessarily match. Colours in the cells indicate metadata availability; numbers in the cells 

indicate data availability. 

  
FIGURE 6 
Decision scheme for metadata display in period view 
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Big decision: 

When uploading metadata 
that has a data value 
different from the one in 
the database, chose to 
reject that metadata 
(increased quality) instead 
of accepting both data and 
metadata assuming value 
should be changed 
(increased speed) 

 

In other words, metadata should be shown only when it corresponds with data (B, F), or if there is no 

data in that period (D, E).  

 

3.3.3.  Metadata visualization on downloaded .csv 

 

Displaying metadata in downloaded .csv files was a challenge because one data-point can have many 

metadata, some metadata are common to more than one point, and metadata can exist when there 

are no data. Ultimately, it was decided to display metadata in its own column (just like the year and 

symbol also occupy their own columns). Data-points with more than one metadatum have each md 

separated by a “,”. All metadata is treated individually, which means that even if the same 

metadatum text is exactly the same as the metadata text on another data-point, the text will be 

ported twice. While it would be more convenient for users to see the same text only once, with that 

metadatum’s number ported to all the relevant data-points, it was not worth the development time 

to do an analysis of all metadata to see if it’s the same as other metadata. See Annex 4 for an 

example of a downloaded .csv file with metadata. 

 

It is also worth mentioning that if the metadata text is not structured correctly, sometimes commas 

in the text are interpreted as commas separating fields in the downloaded .csv file. Care should be 

taken to ensure that those textual commas are formatted as such. 

 

3.3.4.  Metadata upload 

 

Data is inserted into the database in one of two ways. In the case of few points, the changes are 

performed directly on the web-browser. For more substantive data uploads, a .csv file with the 

required changes is prepared. For those csv files, data are compiled, analysed and quality controlled 

first in excel prior to insertion in the database. Due to the large amount of information that qualifies 

a data-point, there were some struggles in identifying the best way that metadata should be 

recorded in excel itself. It was ultimately decided to assign the metadata directly at the cell level for 

simplicity. The technical challenges presented by this decision were mostly resolved by creating a 

detailed list of instructions, validation and Visual Basic for Applications (VBA). Annex 5 describes the 

information management strategies employed at the excel level that allowed the AQUASTAT staff to 

create structured metadata-aware .csv files. 

 

When new metadata is uploaded to the database, the following steps occur: 

 

1. The value of each data-point that has metadata is checked. If the 

value proposed doesn't match the value already in the database, 

then the metadatum is rejected as “dropped from cache” (cache 

here is a temporary home, so this metadata will disappear 

without ever leaving a trace anywhere). This ensures that 

metadata are uploaded exactly for the desired value, thus 

reducing operator error. Another option could be to have the 

database accept the new value and new metadata, discarding 

previous values (see Section 3.1.2). While this could perhaps save 
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time, the option of discarding mismatches was selected to improve quality at the cost of 

requiring separate upload operations for data and metadata. 

2. The stickiness of each accepted metadatum is checked. The value of the data is stored as part of 

the key. If the metadatum is sticky, the value is irrelevant, because the metadata is not 

dependent on the data value. During testing, a vulnerability of this system was identified: If a 

data-operator performed the following steps in three separate operation:  

a. A metadatum is inserted as sticky 

b. The value is changed 

c. The value is converted to non-sticky 

At this point, the data value would not match the metadata, and subsequent operations would 

inevitably lead to database corruption. In order to prevent this scenario, there is a validation step 

introduced that checks if the value of non-sticky metadata matches the value of the data itself. If 

it doesn’t, then the value is automatically promoted to the new value, which prevents database 

corruption. 

3. As mentioned above, using the value as part of the metadata key means that data and metadata 

can’t be uploaded together (because it checks for consistency first). If new data and metadata 

are to be uploaded to the database, the data .csv file is loaded first, and then the metadata file 

can follow immediately thereafter. Doing things in this way, the first file upload changes the 

metadata only to the degree that existing non-sticky metadata assigned to changing values will 

be deleted. No metadata is inserted or modified. The second upload, the metadata file can 

change anything about the metadata, but does not allow for any data to be changed during this 

phase. 

Specifically, validation is dealt with as follows: 

a. First, the data is validated and metadata changes are shown only when an AQUASTAT 

staff clicks on the specific data-point. This prevents metadata comparison changes 

occurring live for the entire dataset (resource intensive), while allowing AQUASTAT staff 

to still view and modify data and metadata if required.  

b. When a value changes, the non-sticky metadata attached to that value become deletion 

candidates. If no further action is taken, that metadatum will be deleted, however there 

is an option to “Promote” the metadatum to the new value. When a value is not being 

modified, the options are to “Update” or “Delete” the metadata. AQUASTAT staff does 

not have to provide the Sequence for these operations since the database knows the 

Sequence of each metadatum (see Section 3.1.3).  

 

An interesting side note relates to the way AQUASTAT deletes data in a csv file. This is accomplished 

by sending a value 0 with the symbol M over the data-point, a script that runs on the database 

interprets that combination and drops the data-value. But sending a "0M" with metadata explaining 

the deletion would not work because the value 0 is not actually stored, it’s just a placeholder to send 

a DELETE command to the database. Therefore, when issuing metadata to a deletion, the data csv 

must contain 0M, but the metadata csv must have a blank value, not 0 (since by the time the md csv 

file is uploaded, the value will in fact be blank. 

 

Following the data edit screen, AQUASTAT staff will move on to the Md Report page, wherein the 

comparison check is performed following the same rules as the edit screen popup, but for ALL 

affected data-points. 
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3.3.5.  Metadata publishing 

 

It is conceivable that AQUASTAT staff would want to publish metadata to the dissemination system 

separately from data. For AQUASTAT’s application, the benefit was not worth the additional 

workload. Therefore, data and metadata are published together. 

 

3.3.6.  Metadata Journal History details 

 

The structure of the Metadata Journal History is: 

 

entryDate <date> 

Area # 

Var # 

YR # 

MDid # 

Type I/D/U 

Description Specific activity taken (if dropped/deleted, from where, promoted or inserted directly, etc) 

Info Specifics of old metadatum state (including changes to Visibility, Category, Stickiness, and 
notes. Decided to keep comments here as text in order to allow the database columns to be 
comparable to the current md database). 

Vis W/F/P 

Cat 1-9 

Sticky S/N 

(en) Note 

(fr) Note 

(es) Note 

 

The Metadata Journal History keeps track of all changes to the metadata database, as well as how 

these came about. This is important in terms of keeping track of old notes. 

 

The decision to have a separate Journal History for data and metadata mostly revolved around the 

fact that the structures of each database are different, and it didn’t make sense to involve metadata 

into a purely data-only context due to the memory repercussions. 
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ANNEX 1: AQUASTAT database metadata (based on Euro-SDMX) 

 

Database name 
AQUASTAT main country 
database 

 

Contact 

Contact organization Food and Agriculture Organization of the United Nations 

Contact email address aquastat@fao.org  

Contact acronym FAO 

Contact organization unit NRL 

Contact URL http://www.fao.org 

 

Metadata update 

Metadata last update 10 Jan 2012 
 

Statistical presentation 

Data description 
The data pertains to water resources, water withdrawals and uses, and agricultural 
water management (including irrigation), although some general statistics are also 
provided. 

Sector coverage Water and irrigated agriculture sectors. 

Statistical concepts and 
definitions 

A complete list of the database variables and definitions is available in 
AQUASTAT's glossary. 

Statistical unit Global, regional, national. 

Statistical population N/A 

Time coverage 1960 - present. 

Base period circa 2005. 
 

Unit of Measure 
Each variable's unit is noted in 
the glossary. 

 

Reference period For water resources, the reference period is 1961-1990, unless otherwise noted. 
 

Institutional mandate 
This database supports Article 1 of FAO's constitution that requires FAO to “collect, 
analyze, interpret, and disseminate information related to nutrition, food, and 
agriculture”. 

 

Confidentiality 

Confidentiality - policy AQUASTAT's terms and conditions are laid out in the User Agreement. 

Confidentiality - data 
treatment 

N/A 

 

Release policy 

Release calendar policy 
Data is not released on a schedule, but updated continuously based on new data 
availability. 

Release calendar access N/A 

User access 
Access to AQUASTAT data is provided to external users through the AQUASTAT 
webpage, and through the websites of pre-selected partners that provide 
AQUASTAT data. 

 

Frequency of 
dissemination 

Continuously, as 
available. 

https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=aquastat@fao.org
http://www.fao.org/
http://www.fao.org/nr/water/aquastat/data/glossary/search.html?lang=en
http://www.fao.org/nr/water/aquastat/data/glossary/search.html?lang=en
http://www.fao.org/nr/water/aquastat/common/AQUASTAT_User_Agreement.pdf
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Dissemination format 

News release 
Major updates are announced on AQUASTAT's front page under the "Website 
updates", as well as via an RSS feed. A selection of current initiatives is also 
available. 

Publications AQUASTAT publications are listed in the Publications page. 

Online database 
The main country database is the principal method of data dissemination, 
although other databases are also available. 

Micro-data access N/A 

Other dissemination N/A 
 

Accessibility of 
documentation 

Documentation on 
methodology 

Methodology documents are available under each thematic section. 

Documentation on 
quality 

AQUASTAT's procedure to ensure quality results is schematically described in 
the <="" a="" style="color: rgb(51, 102, 153); background-color: transparent; text-
decoration: none; font-weight: 600; font-size: 13px; font-family: Arial, sans-
serif;">methodology flowchart. 

 

Quality management 

Quality assurance N/A 
 

Confidentiality 

Confidentiality - policy AQUASTAT's terms and conditions are laid out in the User Agreement. 

Confidentiality - data 
treatment 

N/A 

 

Release policy 

Release calendar policy 
Data is not released on a schedule, but updated continuously based on new data 
availability. 

Release calendar access N/A 

User access 
Access to AQUASTAT data is provided to external users through the AQUASTAT 
webpage, and through the websites of pre-selected partners that provide 
AQUASTAT data. 

 

Frequency of 
dissemination 

Continuously, as 
available. 

 

Dissemination format 

News release 
Major updates are announced on AQUASTAT's front page under the "Website 
updates", as well as via an RSS feed. A selection of current initiatives is also 
available. 

Publications AQUASTAT publications are listed in the Publications page. 

Online database 
The main country database is the principal method of data dissemination, 
although other databases are also available. 

Micro-data access N/A 

Other dissemination N/A 
 
 
 
 
 
 

http://www.fao.org/nr/water/aquastat/rss/AQ_rss.xml
http://www.fao.org/nr/water/aquastat/activities/index.stm
http://www.fao.org/nr/water/aquastat/catalogues/index2.stm
http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/common/AQUASTAT_User_Agreement.pdf
http://www.fao.org/nr/water/aquastat/rss/AQ_rss.xml
http://www.fao.org/nr/water/aquastat/activities/index.stm
http://www.fao.org/nr/water/aquastat/catalogues/index2.stm
http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
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Accessibility of 
documentation 

Documentation on 
methodology 

Methodology documents are available under each thematic section. 

Documentation on 
quality 

AQUASTAT's procedure to ensure quality results is schematically described in 
the <="" a="" style="color: rgb(51, 102, 153); background-color: transparent; text-
decoration: none; font-weight: 600; font-size: 13px; font-family: Arial, sans-
serif;">methodology flowchart. 

 

Quality management 

Quality assurance N/A 

Quality assessment 

Some variables are easier to gather and standardize than others. Consequently, 
data quality is perceived to be heterogeneous across the different variables that 
AQUASTAT gathers. Where possible, harmonization is performed with other 
agencies to maximize data quality. Frequently, data quality assessments result in 
significant changes which lead to back-changes in the complete data series. 

 

Relevance 

User needs 

User needs are varied, but frequently include sub-national and sub-yearly data. 
While some data is provided at a sub-national level, resource limitations prevent 
this from being the standard. Data in AQUASTAT is available mostly at a national 
level, for 5-year periods. 

User satisfaction 

While no surveys have been completed, AQUASTAT is held in good esteem by the 
international community, as evidenced by the fact that AQUASTAT statistics are 
almost always referenced or used as a point of comparison in any study relevant to 
national-level water resources, water uses and/or irrigation. 

Completeness 
Substantial data gaps exist, as AQUASTAT contains statistics mostly derived from 
national entities, and performs only limited modeling. 

 

Accuracy and reliability 

Overall accuracy No formal quality assessment has been conducted. 

Sampling error N/A 

Non-sampling error N/A 
 

Timeliness and 
punctuality 

Timeliness 
Data is roughly gathered by geographical region. The update process takes on 
average approximately 2 years. 

Punctuality Regional reports are produced punctually as per each deadline. 
 

Comparability 

Comparability - 
geographical 

Given the number of countries for which AQUASTAT reports information as well as 
the heterogeneity), data is sometimes not highly comparable. AQUASTAT does 
attempt to maximize comparability through rigorous quality assurance exercises, for 
example, by applying a common set of rules with which to evaluate transboundary 
water resources. 

Comparability - over time Time series, unless otherwise noted are comparable across time. 
 

Coherence 

Coherence - cross 
domain 

Harmonization exercises with other agencies are performed frequently and 
substantial differences are immediately corrected in the AQUASTAT database. 
Nomenclature for statistics offered by other agencies is not always consistent with 

http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
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AQUASTAT nomenclature. In these cases, the AQUASTAT glossary defines 
synonyms. 

Coherence - internal 
Incoherent data is adjusted by AQUASTAT in order to maintain internal coherence. 
Adjusted values are attributed with an appropriate qualifier (also known as flag). 

 

Cost and burden 
In general, updating one country (obtaining, validating, quality-controlling, and 
uploading data on over 200 variables; writing reports; updating website) requires 
approximately 40 work-days, shared by national-level and AQUASTAT staff. 

 

Data revision 

Data revision - policy 
Data is revised as soon as high quality updates become available. If necessary, 
present day changes cause back-changing and/or deleting of historic entries. 

Data revision - practice N/A 
 

Statistical processing 

Source data 
Unless otherwise indicated, data come from government representatives and/or 
publications from within each respective country. Data not generated by a country 
is displayed with an appropriate qualifier. 

Frequency of data 
collection 

Continuous 

Data collection methods 
Most data is obtained by the use of the AQUASTAT questionnaire. This 
questionnaire is either forwarded to official government offices, or filled in by a 
recruited national expert (as monetary resources allow). 

Data validation 

As described in the <="" a="" style="color: rgb(51, 102, 153); background-color: 
transparent; text-decoration: none; font-weight: 600; font-size: 13px; font-family: 
Arial, sans-serif;">methodology flowchart, various steps of validation are 
performed. The first two levels of validation include human interaction, and are 
done based on cross-comparison with similar countries as well as historic data for 
the country in question. The last validation step, prior to saving of new results, is an 
automated validation step that mathematically checks updated data for consistency 
and correctness. Almost 200 validation rules are used by this automated validation 
routine. 

Data compilation 
Calculation rules are predefined which use the latest information from every 5-year 
period to generate aggregate values. 

Adjustments 

Since national-level data is frequently tailored to be useful at a national level and 
not for international comparisons, data may be manipulated in order to maximize 
international comparability. Adjusted data is displayed with an appropriate 
qualifier. Additionally, data is rounded according to the following methodology:  

 1 111.11 gets rounded to 1111 

 111.111 gets rounded to 111.1 

 11.1111 gets rounded to 11.11 

 1.11111 gets rounded to 1.111 

 0.111111 gets rounded to 0.1111 

 0.0111111 gets rounded to 0.0111 

 0.00111111 gets rounded to 0.0011 

 0.000111111 gets rounded to 0.0001 

 smaller values are rounded to the first non-zero value. For example: 
0.0000111111 gets rounded to 0.00001 

 

Comment N/A 

 
  

http://www.fao.org/nr/water/aquastat/data/glossary/search.html?lang=en
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
http://www.fao.org/nr/water/aquastat/background/update_methodology.png
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ANNEX 2: Database view, with metadata filter section highlighted: dissemination system view 
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ANNEX 3: Database view, with metadata filter section highlighted: working system view 

 

 
 
 
  



34 
 

ANNEX 4: Metadata view in .csv file download 
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ANNEX 5: Data and metadata organization in MS Excel for subsequent database upload 

 
Each data-point in AQUASTAT applies to a variable, country and year (data triplet). The file that 
makes csv files is therefore organized in the following “Table” format: 
 

 

Country 
Code 

Variable 
Code 

   

   
1968 1966 2010 

Country 1 1 4174 3   10 

Country 1 1 4175 11   14 

Country 2 2 4174     26 

Country 3 3 4174     300 

 
This format is comfortable and allows AQUASTAT staff to quickly organize information regardless of 
what is being used as a source. However, there is more information that can optionally be assigned 
to each point: 
 

 Data Symbol (qualifies the type of data-point) 

 Source_ID (for example, “National Statistics for Country X”) 

 Dynamic information about the source (for example, “Pages 13-14”) 

 Metadata (maybe multiple), each of which has the following information: 
o Category 
o Stickiness 
o Visibility 
o English note 
o French note 
o Spanish note 

 
Opting for a “list” format in which each data-point occupies one row would allow staff to enter 
information for each of these categories as a column header, as follows: 
 

Country 
Country 

Code 
Variable 

Code Year Data 
Sym-
bol 

Source 
ID 

Md 
Cat 

Md 
Stick 

Md 
Vis 

Md 
English 

note 

Md 
French 

note 

Md 
Spanish 

note 

Country 1 1 4174 1968 3                 

Country 1 1 4174 2010 10                 

Country 1 1 4175 1968 11                 

Country 1 1 4175 2010 14                 

Country 2 2 4174 2010 26                 

Country 3 3 4174 2010 300     
  

          

 
However, this format has two problems:  

1. It is difficult to develop intuition about the data because it loses the time-series relevance. 
This makes errors more difficult to detect, which can negatively affect data quality. 

2. The flat format is complicated further if a data-point has more than one metadatum, which 
is fairly frequent in AQUASTAT. This would mean that the same data-point would need to be 
repeated as many times as there are metadata, or using additional columns for the 
additional metadata.  
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Ultimately it was decided that these downfalls were unacceptable, and therefore the "table" format 
was selected, but how to store all the relevant information? 

 
After experimentation, all the necessary information was stored in the “table” format using a variety 
of excel features: 
 

 Colour code the background for the data symbol as follows:  

L M I K E 

Some experimentation was required to ensure that all AQUASTAT staff could correctly use 
this scheme due to the fact that the colours map to different color_ids in different versions 
of excel. This was not unexpected, and some simple validation parameters controlled this 
problem. 

 Source_ID (SID) was hidden in the cell content itself by placing it within a N(“x”) phrase. In 
this way, the cell contents might be =N("SID=4112")+8 , but the cell value will be 8, but the 
SID information can be harvested by reading the cell formula2. 
It was important to not depend on data operators getting the formatting and formulas 
correctly, therefore custom userforms were created that allowed users to assign or delete 
source_IDs without needing to affect the formulas per se. Substantial validation steps were 
introduced to ensure correct functionality (not overwriting source info by mistake, ensure 
that if the data operator wants to issue Source_IDs in the .csv file, that all data-points have 
Source_IDs, and viceversa. 

 The dynamic source information and metadata are stored in the cell comment as text. Fields 
are delimited by unique characters ("letters" that will never be present in the metadata text 
itself, for example "¶", "§", etc) and parsed by a macro. A custom form was designed to allow 
data operators to easily manage up to 6 metadata for each data-point using text-boxes and 
drop-downs, as depicted in the figure below.  
 

The use of these Userforms some macros, and some simple validations means that AQUASTAT staff 
can quickly and  consistently create complex ordered csv files that are already pre-validated, 
metadata-aware, and consistent with uploading requirements using only excel, a fairly ubiquitous 
tool. 
 
The last step of this process, after performing pre-validation, consists of two .csv files being created: 
One only contains data changes, the other contains metadata. It is worthwhile to note that excel only 
outputs .csv files using the format ANSI western encoding, not UTF-8. Therefore, if .csv files contain 
metadata or notes in a language other than English, it is necessary to convert the files into UTF-8 in 
another program. This is automatically checked and if this additional step is required, AQUASTAT 
staff is alerted. 
 
 
 

                                                           
2
  This trick uses the excel formula “N”, which “converts non-number value to a number, dates to serial numbers, TRUE 

to 1, anything else to 0 (zero).” Since text is passed to this formula, it evaluates to zero... therefore,  =N("SID=4112")+8  

is equal to =0+8, or 8. 
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