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ABSTRAGT 
- 

. ~ 

This paper describes the development (current and proposed) of a user 
workstation for the analysis of acid rain data. The query language is map-based, 
and the analysis package uses a spreadsheet paradigm. Automatic decoding and 
transcription of data descriptions, a sophisticated special-purpose programmable 
function library, and simultaneous manipulation of several large databases are all 
special features of the system. 

'84 

Introduction 
_ 

'

V 

In 1985, work was begun on the development ol‘ a user workstation for the regional analysis 
of acid rain data. Out of this work has come the RAISON Micro project, which acronym stands 
for Regional Acidification Analysis by Intelligent Systems On a Microcomputer. 

The microcomputer selected was an PC‘ model AT, with 640 K of RAM, a mouse, a 
medium resolution graphics and a monochrome (or alphanumeric) screen, a modem and a 20 MB 
hard disk. Large databases to support the analysis are located on the mainframe of the National 
Water Research Institute (NWRI). 

The code for the workstation is written in the programming language "C", using the Lattice 
C compiler and Halo graphics software library available from commercial vendors. 

Several routines, notably a monochrome screen driver, were written in assembly language to 
reduce flicker or enhance performance of the system, but without altering the functionality of the 
"C" version. The Microsoft mouse, and its software (notably keyboard emulation) have also been 
incorporated into RAISON Micro‘s workstation».

_ 

Support for this work from Environment Canada through (Canadian) Department of Supply and Services Con- 
tracts 03S'E.KW405-6,-0785, 02$_E.KW405-51632, 02SEKW40l5-6-2271, and 09S'E.KW4056y-0115 is gratefully 
acknowledged. Research assistants J. Storey, P. Wong, and L. White of the University d Guelph contributed 
substantially to the development of the workstation herein descril>_ed. 
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, This workstation has many features to facilitate the presentation and analysis of water 
chemistry, volumetric, and soils data. » 

Querigs based on graphical images (maps and menus) result in up-loading of abstracted data 
from large databases to a PC/A-T, Schernata are constructed automatically as the data is loaded. 
Examination of the data dictionaries of three main database sources are accasible via spreadsheet 
to allow cross—databas.e selection of data for the analysis and interpretation of the condition of- 
watersheds. Graphical and other types of depictions are provided for the feedback" to the worksta- 
tion operator. Following a_ discussion of the background and motivation for the development of 
RAISON Micro, we discuss in detail the main features of the computer system. the layout of the 
station and the means ‘of abstracting the data; the query language and the data storage and 
retrieval functions; the data analysis, spreadsheet, and the current and proposed intelligent features 
of the system. Finally, W? $l_lI_l1_mari,z‘e the current state of the project, and the direction the ongo- 
ing efi'ort is likely to take.

‘ 

Background- » 

‘ 

_ . 

The RAISON Micro system is designed to examine the relationships between terrain sensi- 
tivity indexes which susceptibility to acid deposition according to geologic and soil factors, 
and resultant aquatic chemistry. Interactive procedures making use of geographic indicators for 
region, watershed, and sampling site permit fast and concise data retrieval and data base editing. 
External computer systems including mainframa can be accessed for data transfer via menu driven 
protocols. Statistical analysis including frequency distributions and step-wise multiple regression 
analysis as well as mean, median, standard deviation and standard error can be produced on any 
of the data variables through a menu driven analysis package. The systemis also able to provide 
‘canonical data from specified watersheds to a programmable function library, for heuristic com- 
parisons. ' 

' 

Applications of these system attributes have led to the definition of certain model coeflicients 
which are usefulin the assessment of water resourca at risk in eastern Canada due to the long 
range transport of atmospheric pollutants. Derived functional relationships can then be applied to 
watersheds where geological data exist but no water chemistry has been acquired, thereby extend- 
ing the geographic range within acceptable confidence limits. Preliminary results indicate that 
currently 15% of the lakes in the Province of Quebec south of latitude 52 N are acidified with an 
additional 35% of lakes undergoing severe acid stress. The geographic locations of these lakes span 
the Province from the Ottawa River to the far regions to the east on the north shore of the St. 
Lawrence River and the Gulf of St. Lawrence. 

Station Layout 

__ ‘The physical workstation consists of an IBM PC/AT with two screens (one monochrome and 
one medium-resolution graphics). The machine has a full complement of memory, a 20 hard 
disk, an auto-dial modem and a mouse. 
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Software consists of three main systems. The first and most critical of these is the DBMS 
(database management system) utility. This is a home-grown version of a balanced binary (B-tree) 
indexed storage scheme with the associated utilitia for data addition, deletion and re-structuring. 
The second sub-system is the data interface. It consists of a system function selection mechanism, 
a hierarchical map-oriented query system, and simple map editor (for adjusting the maps used in 
the query language). Tho third sub-sys_tem is the spreadsheet system which contains a facility for 
loading and manipulating data returned by an information retrieval, and for processing through 
graphical and statistical subsystem of data once retrieved. The spreadsheet subsystem can also 
aflect the information contained in the map subsystem through back-coloring of watersheds accord- 
ing to a given color _function_. A data dictionary manipulation is contained within the spreadsheet, 
Using it, any number of schemata or data descriptions for a particular watershed or water quality 
monitoring station are displayed together, and a choice of data elements to be loaded into the 
spreadsheet columns may he made from the individual databases. Also, any user commands typed 
into the system are stored in a history file of previously specified length. This facility allows repli- 
cation of an operation which has been recorded (similar to the use of history files in Unix. 
Sequences of commands for the spreadsheet may be built and interpreted by a simple command 
language interpreter, which uses spreadsheet cell-names and internal scalar variables along with 
simple arithmetic and spreadsheet operators to allow a considerable latitude for programmable 
functions. composite operators may be created and named using the facility, and a simple postfix 
interpreter executes the function built or named. Rgursive function execution is not excluded, 
although its presence is marginally useful at best. the spreadsheet, a history system and _a pro- 
grammable function library are also part of this subsystem. 

' 

INTERFACE 

-. 
' INQUIRY SPREADSHEET DATABASE ' \-P 

SYSTEM 

LARGE DATABASE 
' Fig 1.

_ 

Data is entered into the RAISON system by running a terminal emulator with a file-transfer 
utility, which connects with the NWRI CYBER-171 computer containing the large water chemis- 
try, __wate_r-fl__ow, and soils databases. 

The header records produced from these databases are passed through a simple parser which 
decodes them and constructs a schema for data description of the incoming data. This data is 
organized by sampling station within watershed. (Difierences within and among data collection 
sites require that the data storage scheme have a great deal of flexibility.) Data within sampling 
station is organized sequentially by date on which the sample was taken. The results are indexed 
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by a binary tree, organized by station. Currently the information retained must link water chem- 
istry stations with flow volume measurement stations. Data stored in different databases collected 
at the same water chemistry station must also know the alternate name for the data from the 
same station. Samples not taken because of equipment outaga or incomplete schema description 
are edited on input. The continued use of the data entry function has resulted in_increasing 
sophistication of the programs. For instance the capability for automated data retrieval from the 
large database has been made available, through the simple medium of red_irecti_'ng input from a file 
previously stored in which the login and access scripts have been prepared, Data once retrieved 
may be retrieved again automatically. Retrieval with a few small change in the script has not 
been yet made "user-friendly", but will eventually as the utilization increases. 

-DBMS Subsystem 
The data is organized by sampling station, within watershed. For a particular station the 

data is stored in ascending metric date order. . 

Separate databases (water chemistry and volume of discharge for example) are kept in 
separate structures for optimum retrieval speed. Individual data records are indexed by station, 
and stations a.re grouped so that a minimum of disk input-output is required to retrieve records for 
a particular _statio_n. The keys are organized into a segment table which is blocked in such a way 
that the search path through it grows logarithmically with__ the number of records in the database. 
Based on a file of 10,000 records with fewer than 200 stations any record is accessible with a single 
disk read. ~ 

. 
i

' 

Optimization of disk access when a sequence of records is required be incorporated in 
subsequent revisions of the system. Currently, all disk accesses are random in nature. A table of 
indices representing the workstations is stored in a table representinga balanced binary tree or B- 
tree The index set for the tree requires a disk read for each sampling station, starting from the 
earliest date for which data is recorded. Data is of course grouped in blocks, and blocks are.not 
re-read if the next data item is known to reside in the same block as the current one. However, 
data from the whole watershed doesn’t utilizeuithe fact that the indices of related stations may 
themselves point to contiguous data. It is for this whole watershed analysis and for looking at 
subsets of the date range that more sophisticated retrieval strategies must be developed. 

The database manipulation code was written from the bottom up for several reasons. We 
wished to exploit the static nature of the data indices, and utilize. the expertise gained from implee 
mentation in keeping the disk organization efficient for larger databases. 

The Interface V 

The interface program system is a key feature of RAISON Micro. From a pull-down menu, 
the user selects one of several options as follows:

‘
.
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CHANGE DATE 
CHAN GE WATERSHED 
EDIT wxrsusmzn 

A T 

ADD ICON
x 

ilETRlEV.AL 

SPREADSHEET 
QUIT 

These options can be changed at will, as they are contained in a table file. Routine which match 
ua given option need only be linked into the menu driver program. Corresponding help files are 
provided. Should a_ given option, (say change watershed), be selected, a map is drawn on the 
screen and either the numeric keypad or the mouse is used to 'move the cursor to a box on the 
screen representing the dwired watershed. This selection proceeds through region, "watershed, and 
finally station, where data is again selected through proximity of the cursor to the box. Figure 2 
indicates a part of the display, the first at the Provincial (Quebec) “level, and the second at the 
regional level, Map icons may bie inserted into the map film, to allow routings through to the 
W&_t¢.rshed level (as in the second map). As well, an _i_c___on_may be inserted along the edge of the 
map to traverse to an adjacent region or to the top level. 

The hierarchy of digitized maps are stored in separate map files containing line coordinates, 
station synonyms, and watershed areas (figure 2). Information as to station/watershed/region 
name may be displayed, or an initiation of retrieval of data from the database begun. These data 
are then passed to the spreadsheet (described in the next section). The map may be color-coded as 
to the level of acidification for the lakes within the region by feedback from the data analysis. , 

The spatial orientation of the query language and the flexibility of the menu 
organization/retrieval function have kept this segment of the system very robust and easily 
modified. Changes in workstation structure often require no re-compilation of system routines. 
One further feature of the interface deserves mention. Development of the system is taking place 
on two PC model XT’s as well as the model AT. Difiering memory siza and single.-screen 
configurations are involved. Machine class, (XT or AT) toplevel map, number of screens, and the 
presence/absence of mouse are switches stored in a SE-TUP.SYS file and do not require re- 
configuration for each site change. ' 
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Table 1. Rosette Cornponents._ 

57. 

Spreadsheet 
_ 

-

A 

The spreadsheet model has been used for the data analysis package. Again a home-grown 
version of the spreadsheet program has been written, rather than a commercial product. The cation 
denudation rate [3] which is a model relating the removal of cations (calcium, magnesium, sodium, 
and potassium) from a drainage basin to the flux of sulfate in the basin (thereby predicting the 
steady-state acidity) is a major utility‘ function in the design of the RAISON system. The CDR 
function may beinvoked from the spreadsheet option with operands specifying the data resident in 
the spreadsheet. Output from this function is posted to a new spreadsheet column, and may 
optionally be plotted on the graphical display screen. C 

Another spreadsheet function which may be selected is the ion rosette [1], illustrated in 
figure 8. Rosettes present graphically the ion ratios of the major cations and anions under analysis 
in the acid rain study (Table 1). 

M _ W CATIONS 
g moms 

K - POTASSIUM 
My __ 

so , - SULFATE 
Na - SODIUM _c,1_- CHLORIDE My 
Ca ~ CALCIUM 

g NHCO 3 - QICARBONATE 
u Mg - M,s_(;NEg1UM 

p 

G0,; - CARBONATE 
r _ 

The 5l>¢¢1§li_ilcd nature exemplified by these two functions of the spreadsheet, the data die~ 
tionary manipulation, merging of data from disparate databases, and the building of a 
scientifically-oriented prograjmmable function library are all reasons for custom programming. 
Conversions from p-moles per liter of ions to metric concentration are automatic and_ are 
keyed to column names specified by the database schema. Many functions such as CDR are of 
generic type, and their specification in a .commerci_al product which doesn‘t support an abstract 
type specification can be rather cumbersome. To minimize the possibility of error and to allow for 
simple function specification we have incorporated the type-checking of data to the level of the 

of measurement, so that the specification of a particular function involve a pair 
<ccll—idcim'ja'er, unite-of -measure >. Conversion from one set of units to another is condi- 
tional upon the inputs to the function being not of the correct type and is automatic. Two aspects 
of the spreadsheet prograin are being developed along the current "expert system” lines. The first 
of thse is a qualitative analysis of the data being merged into the spreadsheet from several data- 
bases, since neither the geographical location nor the time of sample of the observations match, and since missing data also can be a serious problem.

\
.
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The act of merging several different data sets must be done with a "date alignment" which is a 
combination of geographical proximity and date range and quality of data contents. There is not 
an exact relationship on quality, and often the geographical relationship is questionable. Existing 

data must be used,.and the means by which it is incorporated into the analysis must be recorded 
and the confidence which the user has in it must be recorded in a systematic (if subjective way.) 
The other problem which falls out of the normal statistical comparison involves the contrasting of 
any given watershed data (actual or simulated) with that from five watersheds which exhibit very 
distinct geological forms and acidification behavior. 

Summary and Conclusions 
Evaluation of the acidification of natural aquatic systems in the Province of Quebec, Canada, 

requires a complex analysis of the interactions among aquatic chemistry, hydrology, terrestrial sen- 
sitivity, and atmospheric deposition. The RAISON system enables each of thme disparate data 
structures to be accessible simultaneously in a spreadsheet form with on-line statistical capabilities 
and plotting functions. Currently, five watersheds representing major geological forms are under 
study to determine calibration coefficients for the development of a hybridized CDR function. This 
modified CDR will include weighting functions based on the geological s_tudies,'which should 
improve the confidence in CDR model predictions. The derivation of the CDR function will be 
determined by utilizing the programmable function library capability of the RAISON system. 
When coefficients are set within the function a prognostic case will be run to predict sensitivity in 
other watersheds. Analysis of the residuals will determine the confidence in the results. As was 
mentioned previously a back coloring facility exists for the system which will enable visual com- 
parisons to be made quickly with existing maps of sensitivity based on one set of values (e.g. ter- 
restrial). The use of the coloring technique will also be employed in the analysis of residuals to 
indicate for the user degrees of confidence in graphic form. 

The future of the RAISON system will entail the development of a time-dependent ODR 
function which incorporatm the enhancement of the function derived in the current work. These 
analyse will require an expansion of the system to handle finite uillerence approximations and the 
construction of differential functions. The continued use of the RAISON system to develop 
discriminators like the CDR and the application of thwe to the large aggregate of data which is 
available will enable RAISON to become a major tool in the field of environmental data interpreta- 
tion and model development. 

This paper has provided an overview of a workstation which supports a very specific custom 
approach to the analysis of acid rain data. It has a ricl set of special functions, and hooks have 
been -put in place to enhance its performance via die formation of rulm and the joining of 
appropriate functions applied previously in a satisfaztory fashion to similar data elsewhere in the 
database. The very uneven character of the raw -lite and its relative abundance has led to this 
"top-end" rather than a "front-end" processor, wit; considerable and growing ability to censor and 
measure the quality of the several large databas ., involved and to record and replicate the analysis 
techniques of expert investigators. Enhancenants and performance measurements on this system 
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- will form the basis for a future manuscript. 0 ‘ References 
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