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ABSTRACT

A data management system was developed to store/ update, and 
retrieve data collected in urban stormwater studies jointly conducted 
by the U.S. Geological Survey and U.S. Environmental Protection Agency 
in 11 cities in the United States. The data management system is 
used to retrieve and combine data from USGS data files for use in 
rainfall, runoff, and water-quality models and for data computations 
such as storm loads. The system is based on the data management aspect 
of the Statistical _Analysis Stystem (SAS) and was used to create all the 
data files in the data base. SAS is used for storage and retrieval 
of basin physiographic, land-use, and environmental-practices inventory 
data. Also/ storm-event water-quality characteristics are stored in 
the data base. The advantages of using SAS to create and manage a data 
base are many with a few being that it is simple, easy to use, contains 
a comprehensive statistical package, and can be used to modify files 
very easily.

Data base system development has progressed rapidly during the 
last two decades and the data management system concepts used in this 
study reflect the advancement made in computer technology during this 
era. Urban stormwater data is, however, just one application for 
which the system can be used.

VI



CHAPTER 1. GENERAL INFORMATION

1.1 Introduction

The USGS/USEPA Urban Hydrology Studies Program has a general 
objective to supply local urban managers with urban-hydrology data 
and methods of analysis suitable to support management decisions. 
To supply local managers with data, an urban-hydrology data base 
was created and a data management system generated that does the 
following:

(1) Stores data in the data base;
(2) Updates data in the data base;
(3) Retrieves data from the data base for publication and 

application purposes; and
(4) Interfaces data files from the data base with user computer 

programs, statistical procedures, and rainfall-runoff 
quantity and quality models.

This report describes the data base and the data management 
system to handle the data base. It explains how different files of 
the system can be created, updated, or modified. The necessary 
procedures for accomplishing each operation are documented. The 
organization of the report is by chapters which allows for easier 
referencing of material and updating as needed.

1.2 System Requirements

An important component of any data intensive study is the 
creation of a data base that contains the collected data. There 
are several important needs to be considered when a data base 
management system is being designed. These considerations are:

(1) The computer system on which the data base will reside. 
It is desirable to have machine independence.

(2) The type of storage devices for the data base disk, tape, 
drum, or other. The chosen storage device is influenced 
by the frequency of use and cost of storing the data.

(3) Users of the data base - who will put the data in and who 
will retrieve it?

(4) The data elements that make up the data base. The data
base users need certain information which must be included, 
if possible. Usually programs set forth guidelines as to 
what data should be included, however, it is not always 
feasible or practical to include everything requested.

(5) Ease of entry and retrieval is very important. If the 
system is too complicated, users will be confused and 
discouraged and proportionally more errors will creep 
into the system. Programs should be easy to execute and 
efficient and economical when executed.



(6) Last, but by far the most important, is system and data base 
documentation. Without good documentation the system is 
useless.

If these concepts are considered and implemented then the best 
utilization of data in the data base will be obtained.

The aforementioned general requirements are associated with 
the design of any system. A specific requirement for this data 
management system is that it must be able to interact with the 
National Water Data Storage and Retrieval System, WATSTORE 
(Hutchison, 1975). Figure 1.1 shows a flow chart that depicts data 
as it moves into and through WATSTORE to this system.

The individual operations in figure 1.1, designated by letters 
A through J, show how data begin and flow through the system.

Operation A. An urban hydrology monitoring system (UHMS) records 
storm rainfall and information about runoff quantity 
and quality on 16-channel punched paper tape. The 
UHMS also controls an automated sampling device that 
collects water samples at preselected sampling time 
intervals that vary between 30 seconds and 1 hour. 
A punched data record on the 16-channel tape 
includes the following:

(1) Time in hours, minutes, and seconds.
(2) Julian day.
(3) Stage or discharge parameter(s).
(4) Accumulated rainfall (one or more sites).
(5) Sequential sample number if water-quality 

sample was taken.

As many as eight data channels are available for 
recording items (3) and (4) above. Between storms 
the UHMS operates on a standby mode recording only 
at a pre-selected interval such as twice a day or 
when rainfall occurs. The UHMS switches to a 
continuous mode when a threshold value of stage 
that corresponds to a preselected discharge is 
reached and exceeded.

Operations B, C.

Operations D, E.

The punched tape is converted to a USGS ADP tape 
by using software developed by Water Resources 
Division Data Management Section in Reston.

Data conversion programs are then used to enter
the data into WATSTORE. The three WATSTORE
files that provide for the general storage, retrieval,
and publication of meteorological, discharge,
and water-quality data are:
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(1) Daily-Values File. Accommodates one 
value per day for a given parameter 
such as discharge, total rainfall, 
daily evaporation, etc.

(2) Unit-Values File. Accommodates data 
collected at uniform time intervals 
for as many as 2,880 observations per 
day per parameter (30-second data), 
such as rainfall and runoff collected 
during a storm event.

(3) Water-Quality File. Accommodates analyses 
of water samples. Each water-quality 
value is referenced as to time, date, 
site identification, and parameter code.

Standard USGS data input programs are used to input 
these different types of data (1-3) into WATSTORE.

Operations F, G. Next, standard USGS data retrieval programs
retrieve first-time data or updated data for 
input into a User File (this process is documented 
in Chapter 2 of this report). The data are from 
the three WATSTORE files; the Daily-Values File, 
the Unit-Values File, and the Water-Quality File. 
Companion files similar to the WATSTORE files 
but containing only selected data comprise the 
User File. The User File contains data for 
application programs and has the capacity to store:

(1) About ten long-term daily time series
per site in a daily-values file component. 
Example, 5 years of daily rainfall data, 
5 years of daily evaporation data, etc. 
Data for all sites in a state program 
will be within one file.

(2) As many as eight unit-values time series 
(30 seconds to hourly time interval) per 
site in a unit-values file component. 
Storage allows data for each unit value 
time series (30 seconds to hourly time 
interval) per site. Storage accommodates 
data for each unit value time series for 
as many as 100 events for all sites in 
a state program.

(3) As many as 50 water-quality or other
parameters per water sample. A variable 
number of samples per storm event can be 
stored so that the maximum capacity of the



water-quality file component of the user 
file for water sample data is

M N   O   P

where
M = number of sites;
N = number of storms per site;
O = number of water samples per storm; and
P = number of analyses for a given sample.

The User File accommodates multiple data collection 
sites; each site includes as many as 100 storm events 
of as long as several days duration at given time 
intervals. The User File is operational on the USGS 
Reston computer system and it, with other associated 
components (Operations H and I), are capable of 
transfer to a similar computer system. Chapter 3 
can be referenced for more information.

Operation H,

Operation I

Operation J,

The Basin Characteristics File (BC File) contains 
specific site information data about basin 
characteristics such as generalized physioaraphic, 
land use, and climatic characteristics. 
Environmental practices data that are used to 
establish cause-and-effeet relationships between 
management techniques and water-quality processes 
are also stored in the BC File. Also, computed 
storm and dry-weather characteristics are 
included in the BC File. Chapter 4 describes 
in detail, the BC File.

The User File is interfaced with user programs, 
urban storm-water models, and statistical 
packages (Chapter 5).

Data stored in WATSTORE are periodically transferred 
from WATSTORE to STORET. Data in WATSTORE and 
STORET are available for retrieval by USGS and 
EPA data file users.

1.3 SAS

For the User File and associated files, a file concept that 
meets the general requirements of transferring and storing data for 
the necessary operations is based on the Statistical Analysis System 
(Barr and others, 1979) known as SAS79. SAS was developed at 
North Carolina State University and is available on the Reston 
computer system and on many other computer systems. The files



that are created for the urban hydrology program, such as the User 
File and the BC File, are created using SAS. SAS includes a very 
comprehensive statistical package. It also has very flexible data 
file manipulation capabilities. Therefore, SAS is not only used 
to create the files in this system, but also as a data-base manager 
in manipulating the data.

A few of the advantages of SAS are:

(1) Available documentation;
(2) Simple and easy to use;
(3) Cost-effective;
(4) It contains a comprehensive statistical package; and
(5) SAS is currently used as an application program with 

WATSTORE.

The data management system created for the USGS/USEPA Urban Hydrology 
Studies Program has many interactive users. Adopting a standardized 
package like SAS made it easier not only to develop the system, but 
also to use it.

Since SAS is used as the Data Manager for the urban hydrology 
program, it is imperative that some information about SAS be given 
the user. Only a few rudiments of the system will be presented and 
readers are encouraged to consult Appendix A and the references at 
the end of this report.

First of all, what is SAS? The words stand for Statistical 
Analysis System, but SAS is much more than that. In broad terms 
it is a computer system for managing data, analyzing it statistically, 
and writing reports. A computer system is a group of computer programs 
that work together in data analyses. Because SAS is a system, you 
don't have to prepare one computer job to plot data values, another 
job to perform a regression, or another job to print a special 
report. SAS does it all within one job. Most common statistical 
procedures are available within SAS. Moreover, SAS is one of the 
most advanced proprietary packages in the area of linear statistical 
models (Showen, 1978). SAS can provide data management functions 
such as sorting, merging, copying, modifying, and condensing sets 
of data. SAS also functions as a report writer, allowing users to 
print their results in custom-made reports.

Data that comes from punched cards, disk, or tape are analyzed 
by SAS. SAS checks for errors, provides excellent error diagnostics 
and syntax checking, performs statistical tests, and prints results. 
Users can learn SAS in a tutorial approach, by first attempting 
simple SAS jobs and then following instructions issued by the SAS 
programs, should errors occur. Basic terminology pertaining to 
data that are analyzed by SAS are as follows:



Data Values single measurements, such as rainfall amounts; 
Observations a set of data values for the same event, like

rainfall amount, discharge, and total evaporation.

SAS is used to establish the necessary data files for this 
system and for manipulating data between files. An examination of 
necessary steps in designing a system will help in understanding 
the reasons behind the selection of SAS. These steps include 
the following.

(1) Design the files for the data base. Decide whether file 
organization will be sequential, indexed sequential, 
direct access, etc., and then compute the size of the 
records and blocksizes that contain the records.

(2) Write computer programs to create the data files. All 
the necessary file information would be included in the 
computer programs.

(3) Create the necessary Job Control Language (JCL) to establish 
the files.

(4) Create computer programs and associated JCL to update files.
(5) Create all the data analysis programs necessary to manage 

and monitor the system.
(6) Create a backup system to safeguard the data files.

With SAS, steps 1 and 2 are available for creating any file that 
is needed. Most, if not all, of steps 4-6 are available, too. SAS 
uses English-like commands which can be entered in any position on 
an input card or cards.

The most important feature, however, is the ability that SAS 
has to modifv files. In what would be referred to as a "static 
system," one created by other computer programs, a major effort is 
required to change or reorganize data files and analysis programs. 
SAS addresses data values within observations by names and all 
positioning within the records to locate the data values is done by 
SAS. The relative ease with which one can create and manage data 
sets with SAS resulted in its selection as the data management 
system for the Urban Hydrology Program.



CHAPTER 2. RETRIEVING FROM WATSTORE

Operation F in figure 1.1 shows a data transfer from the USGS 
WATSTORE data files to the User File listed under operation G. The 
three WATSTORE files that data are to be retrieved from are:

(1) The Daily-Values File;
(2) The Unit-Values File; and
(3) The Water-Quality File.

The transfer procedure involves using standard USGS data retrieval 
programs and JCL cataloged procedures to retrieve from the three 
WATSTORE files. (See WATSTORE User's Guide, Hutchison, 1975). 
These data are then transformed into SAS data sets and with SAS 
commands are merged into similar file components in the User File.

2.1 Daily-Values Data

The standard WATSTORE retrieval cataloged procedure DVRETR 
is used to retrieve daily data such as rainfall and evaporation. 
Retrieval options, input data formats, and other operations are 
explained in the WATSTORE User's Guide and can be consulted for 
usage. A "MACRO" which is a collection of SAS commands takes the 
DVRETR output and transforms it into a SAS data set called DV2. 
The six variables generated as a part of DV2 are:

(1) STATION station identification number.
(2) PARMCODE 5-digit WATSTORE parameter code.
(3) VALUE daily value of parameter.
(4) DATE date of collection or measurement for sample value.
(5) STATCODE a statistical code for the respective parameter.
(6) DATETIME single value of date and time in seconds 

	computed from January 1, 1960.

The data set DV2 is then merged into the daily-values data set that 
is a part of the User File. JCL and SAS commands necessary to 
accomplish the entire process are documented in chapter 3 of this 
report.

2.2 Unit-Values Data

The standard WATSTORE retrieval cataloged procedure UNRETR is 
used to retrieve unit data from the WATSTORE unit-values file. 
These data including unit rainfall, unit discharge, and other data 
are transformed into a SAS data set called UV. A SAS "MACRO" 
creates 7 output parameters in the data set.

(1) STATION station identification number.
(2) PARMCODE 5-digit WATSTORE parameter code.
(3) VALUE unit value of parameter.
(4) DATE date of collection or measurement for sample value.
(5) DATETIME single value of date and time in seconds computed 

from January 1, 1960.
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(6) STATCODE a statistical code for the respective parameter
(7) TIME unit time expressed in 24-hour military format.

The data set UV is then merged into the User File unit-values data 
set. Chapter 3 of this report contains instructions for this 
operation.

2.3 Water-Quality Data

The standard WATSTORE retrieval cataloged procedure QWRETR is 
used for retrieving WATSTORE water-quality data. Output from QWRETR 
is passed into a PL/I program that has been loaded as a SAS PROC. 
This procedure called QWSAS transforms the retrieved data into a 
SAS data set named DATA1.

The standard default parameters that make up DATA1 are STATION, 
the station identification number/ and one variable for each parameter 
code listed on the QWRETR output parameter list cards. The parameter 
values are stored in variables named Pnnnnn, where nnnnn is the 
parameter code on the output list. Section R of Chapter IV, Volume 3, 
WATSTORE User's Guide fully describes the computational process 
and corresponding SAS data set output.

In addition to the default variables/ the user may request 
that certain other variables be included in the SAS data set. 
These optional variables described in Section R of Chapter IV/ 
Volume 3/ WATSTORE User's Guide may include data for time/ date/ 
state code/ and district code. Chapter 3 in this report explains 
JCL and SAS commands for this procedure.



CHAPTER 3. USER DATA FILE

Operation G in figure 1.1 pertains to the User File. Chapters 
and 2 discussed the structure of the User File and how it is 
related to the WATSTORE data files. In section 1.2 of this report 
the general requirements of a user file system were described. 
Chapter 3 discusses specifics associated with actually working with 
the User File.

3.1 Organization of File

The User File has three major components:

(1) A daily-values file component;
(2) A unit-values file component; and
(3) A water-quality file component.

These three components parallel those in WATSTORE and are created 
and updated by retrieving new or updated data from WATSTORE and 
passing the data into the User File.

3.2 Daily-Values File Component

The daily-values file component of the User File has the 
capacity to store as many as ten long-term daily time series per 
site. An example is that one long-term daily time series is for 5 
years of daily rainfall data and another is for 5 years of daily 
evaporation data. An observation at a particular site includes 
these six variables:

(1) STATION station identification number.
(2) PARMCODE 5-digit WATSTORE parameter code.
(3) VALUE daily value of parameter.
(4) DATE date of collection or measurement for sample value.
(5) STATCODE a statistical code for the respective parameter.
(6) DATETIME single value of date and time in seconds computed 

	from January 1, 1960 (computed by SAS system).

The capacity of the file is such that as many as 10 long-term daily 
time series (10 different PARMCODE's) for as many sites or STATION'S 
necessary can be stored.

10



3.21 Naming Data Sets

The Operating System data set name (DSN) for User File daily- 
values data sets is AG4yyyz.STATEXX.URBAN.DAILY.VALUES. The first 
part of the DSN is AG4yyyz which is a TSO/ONLINE identification 
Userid that is assigned to the user by the Computer Center Division 
(CCD). Chapter 5, section 2, of the CCD User's Manual explains how 
to obtain a Userid. The Userid as the first part of the DSN is 
necessary and required by CCD for cataloging on-line data sets. 
The AG4 characters will apply to most WRD terminal users (districts). 
A user registration code is represented by yyy and the last character 
z is a code assigned by CCD. XX in STATEXX is a two-digit state 
identification code as listed in the WATSTORE User's Guide, 
Appendix B. As many as 40 SAS data sets can be a part of any one 
operating system (OS) daily-values file component. Therefore, the 
SAS data-set member name is simply DVMASTER. This allows the user 
an area that might be used to store as many as 39 related or unrelated 
SAS data sets.

The JCL statement

//DVFILE DD DSN=AG4yyyz.STATEXX.URBAN.DAILY.VALUES,...

references the OS data set AG4yyyz.STATEXX.URBAN.DAILY.VALUES. The 
SAS data set reference

DVFILiS. DVMASTER

refers to the SAS data set that is a member of the OS data set 
identified by the DDNAME DVFILE. The link between the SAS data set 
reference and the JCL OS data set reference is the word DVFILE that 
appears in both references.

3.22 Creating Data Sets

There are two sets of commands necessary for establishing a 
new Daily-Values File (DV File) for a state. The first set are JCL 
commands that define the data set name to the Operating System. 
The second set are SAS instructions that are used to define the 
oraanization of the DV File.

11



3.221 JCL Commands

The necessary JCL cards are as follows:

COL.1 COL.12

Card 1..// JOB
2..//PROCLIB DD DSN=WRD.PROCLIB,DISP=SHR
3..// EXEC DVRETR,AGENCY=USGS
4..//HDR.SYSIN DD *

Retrieval cards for DVRETR

5../*
6..// EXEC WRDSAS,DSN='&&BKREC',MACRO=DV2,DSN1=NULLFILE,DSN2=NULLFILE
7..//DVFILE DD DSN=AG4yyyz.STATEXX.URBAN.DAILY.VALUES,
8..// DISP=(NEW,CATLG),DCB=DSORG=DA,
9..// SPACE=(TRK,(N1,N2),RLSE),UNIT=33 30-1,VOL=SER=CCD810
10..//SYSIN DD *
11.. DVINPUT

Other SAS commands

12../*
13..//

The JCL cards above do the following:

Card 1..Job control card.
2..Invokes the WRD cataloged procedure library. 
3..Invokes the procedure DVRETR with AGENCY=USGS being 

the agency code.
4..Establishes that incoming data cards for DVRETR follow,
5..Delimiter or JCL step separator card.
6..Invokes the procedure WRDSAS to call the WRD

loaded version of SAS. 
7-9..Defines data set to be created for

state XX to be placed on WRD disk CCD810, 
an on-line disk of which 3000 tracks are 
dedicated to the data-management system of 
the USGS/USEPA Urban Hydrology Studies 
Program. Space to be reserved for data 
set = N1 + 15(N2) tracks (explained in 
Appendix A of this report).

10..Establishes that incoming SAS data cards follow.
11..Causes DVINPUT macro to be expanded and executed.
12..Delimiter.
13..End of job card.

12



3.222 SAS Commands

Between cards 10 and 12 in section 3.221 reference was made 
to two sets of SAS instructions. The macro consists of the 
following statements.

MACRO DVINPUT 
DATA DV;

INFILE USERFILE;
ARRAY MODA( MONTH) MODA1-MODA1 2 ;

RETAIN MODA1 31 MODA3 31 MODA4 30 MODA5 31 MODA6 30 MODA7 31 MODA8 31 
MODA9 30 MODA10 31 MODA11 30 MODA12 31 STATION MONTH DAY

PARMCODE STATCODE NOVALUE LASTMO DATETIME; 
KEEP STATION PARMCODE STATCODE DATE DATETIME VALUE; 
INPUT @10 STATION $CHAR15. 

933 PARMCODE IB4 . 
@37 YEAR IB2. 
@39 STATCODE IB2 . 

«41 NOVALUE RB4. <a@ ; 
YEAR=YEAR-1 ; 
FIRSTMO=10; 
LASTMO=12; 
LINK MONTHLY; 
YEAR=YEAR+1; 

IF MOD (YEAR, 4) = 0
THEN IF MOD( YEAR, 100) = 0 

THEN MODA2 = 28; 
ELSE MODA2 = 29; 

ELSE MODA2 = 28; 
FIRSTMO=1 ; 

LASTMO=9 ; 
LINK MONTHLY; 
INPUT ^37 YEAR IR2 . ; 
RETURN ; 

MONTHLY :
DO MONTH = FIRSTMO TO LASTMO; 
DO DAY = 1 TO MODA;
P = 45 + ( MONTH-1 )* 124 + (DAY-1)*4; 
INPUT Pp VALUE RB4. @® ; 
IF VALUE = NOVALUE 

THEN; 
ELSE DO;

DATE = MDY( MONTH, DAY, YEAR) ; 
DATETIME = DHMS ( DATE, 0 , 0 , 0 ); 
OUTPUT 

END; 
END; 

END; 
RETURN ;

FORMAT DATE YYMMDD8 . DATETIME DATETIME13.; 
LENGTH PARMCODE 4 STATCODE 4 VALUE 4;

13



The name of the above macro procedure is DVINPUT. It is not 
necessary to input the macro instruction cards because they are 
automatically brought in as part of the program whenever the 
macro name DVINPUT is used.

The following SAS instructions would follow card 11.

Card 1..PROC SORT OUT=DVFILE.DVMASTER;
2.. BY STATION PARMCODE DATETIME;
3.. FORMAT DATE YYMMDD8.;
4..PROC PRINT;

DVINPUT establishes a SAS data set; then the above SAS 
instruction cards 1-4 will cause the following to happen:

(1) A sort of the data set created by DVINPUT is performed. 
The data is sorted by STATION (the major sort key) and 
PARMCODE (the minor sort key). The results are placed 
in DVFILE.DVMASTER which is the Daily-Values data set 
for state XX.

(2) Instruction 3 specifies the format to be used when 
DATE is output by PROC PRINT.

(3) The newly established SAS data set is printed by the 
instruction given on card 4

PROC PRINT;

The following pages present JCL commands, SAS instructions/ 
and sample output resulting from creating a Daily-Values File for 
urban data collected at a multifamily residential site near Miami, 
Fla. The order of the output corresponds to the sequential 
processing of JCL and SAS commands as referenced on the preceding 
pages.
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3.23 Updating Data Sets

After the original creation of a state's User File DV component, 
all further operations are actually updates (corrections and 
additions) to the file. Therefore, JCL and SAS commands change 
to reflect an update operation.

3.231 JCL Commands

In section 3.221 cards 7, 8, and 9* are replaced by these 
two cards:

Card 7..//DVFILE DD DSN=AG4yyyz.STATEXX.URBAN.DAILY.VALUES, 
8..// DISP=OLD

*Note: There is no card 9 for this operation.

This change reflects the status of OS data set DVFILE as already 
existing.

3.232 SAS Commands

The "MACRO" Procedure SAS instruction cards remain the same as 
in section 3.222. The other SAS instruction cards that follow do 
change and are as follows:

DVINPUT SAS "MACRO" Procedure - (another retrieval from WATSTORE
daily values file)

Card 1..PROC SORT OUT=TEMP;
2.. BY STATION PARMCODE DATETIME;
3.. FORMAT DATE YYMMDD8. ;
4..DATA DVFILE.DVMASTER;
5..UPDATE DVFILE.DVMASTER TEMP;
6.. BY STATION PARMCODE DATETIME;
7..PROC PRINT DATA=DVFILE.DVMASTER;

The above procedure, cards 1-7, is for merging additional data 
into the DVMASTER file. If data to be entered is an update of 
previously entered data then new values will replace the old. 
Also, if the DVMASTER file is large, then card 7 above should 
probably be omitted or possibly placed after card 3 with only the 
command PROC PRINT to print out a listing of the new data that 
are being entered into the DVMASTER file.

An example of updating the Daily-Values File for the Miami, 
Fla., multifamily residential site is presented on the 
following pages. The JCL commands, SAS instructions and sample 
output are all illustrated.
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3.3 Unit-Values File Component

The unit-values file component of the User File has the 
capacity to store data collected at uniform time intervals for as 
many as 2,880 observations per day per parameter (30 second data), 
such as rainfall and runoff collected during a storm event. An 
observation at a particular site will include these seven variables.

(1) STATION station identification number.
(2) PARMCODE 5-digit WATSTORE parameter code.
(3) VALUE unit value of parameter.
(4) DATE date of collection or measurement for sample value.
(5) DATETIME single value of date and time in seconds

computed from January 1, 1960 (computed by the 
SAS system).

(6) STATCODE a statistical code for the respective parameter.
(7) TIME unit time expressed in 24-hour military format.

As many as eight unit-values time series (30 seconds to hourly time 
interval) per site can be stored in the Unit-Values File. Also, 
storage for as many as 100 events for each unit-value time series 
for all sites in a state program is available.

3.31 Naming Data Sets

The Operating System DSN for User File unit-values data sets is 
AG4yyyz.STATEXX.URBAN.UNIT.VALUES. Section 3.21 describes the naming 
nomenclature for DSN and should be referenced here. The SAS data 
set member name is UVMASTER. This provides the user an additional 
39 SAS data set member names for related or unrelated unit-values 
data. A suggestion for a related data set is that the user put all 
of one station's unit-values data in one data set. This, however, 
creates the necessity of a SAS transfer program from the SAS data 
set UVMASTER to the newly created data set. Instructions for 
manipulating data sets in this manner will not be elaborated on 
in this report. If the need for this procedure develops, the user 
can probably obtain the necessary SAS commands from this report. 
If not, the SAS reference manuals will provide any needed information, 
The JCL statement

//UVFILE DD DSN=AG4yyyz.STATEXX.URBAN.UNIT.VALUES,..etc.

references the OS data set AG4yvvz.STATEXX.URBAN.UNIT.VALUES. The 
corresponding SAS data set reference is WFILE.UVMASTER which refers 
to the SAS data set that is a member of the OS data set.

3.32 Creating Data Sets

There are two sets of commands necessary for establishing a 
new Unit-Value File (UV File) for a state. The first set are JCL 
commands that define the data set name to the Operating System. The 
second set are SAS instructions that are used to define the 
organization of the UV File.
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3.321 JCL Commands

The necessary JCL cards are as follows

COL.1 COL.12

Card 1..// JOB
2..//PROCLIB DD DSN=WRD.PROCLIB,DISP=SHR
3..// EXEC UNRETR,AGENCY=USGS
4..//HDR.SYSIN DD *

Retrieval cards for UNRETR

5../*
6..// EXEC WRDSAS,DSN3='&&UNREC I ,MACRO=UV,DSN1=NULLFILE,DSN2=NULLFILE
7..//UVFILE DD DSN=AG4yyyz.STATEXX.URBAN.UNIT.VALUES,
8..// DISP=(NEW,CATLG),DCB=DSORG=DA,
9..// SPACE=(TRK,(N1,N2),RLSE),UNIT=3330-1,VOL=SER=CCD810
10..//SYSIN DD *
11.. UVINPUT

Other SAS commands

12../*
13..//

The above JCL cards do the following:

Card 1..Job control card.
2..Invokes the WRD cataloged procedure library. 
3..Invokes the cataloged procedure UNRETR.
4..Establishes that incoming data cards for UNRETR follow.
5..Delimiter or JCL step separator card.
6..Invokes the procedure WRDSAS to call the WRD loaded

version of SAS. 
7-9..Defines data set to be created for state XX to be

placed on WRD disk CCD810. Space to be reserved for
data set = N1 + 15(N2) tracks (explained in Appendix A
of this report).

10..Establishes that incoming SAS data cards follow.
11..Causes the UVINPUT macro to be expanded and executed.
12..Delimiter.
13..End of Job card.
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3.322 SAS Commands

Between cards 10 and 12 given in section 3.321/ reference 
was made to two sets of SAS instructions. The first set is a 
nacro called UVINPUT and these statements are listed below.

MACRO UVINPUT
*****************

* THE UVINPUT MACRO CREATES A SAS DATA SET FROM UNIT VALUES DATA

* VARIABLES CREATED ARE: STATION PARMCODE STATCODE
* DATE DATETIME VALUE THE

DATA UV;
INFILE USERFIL2;
RETAIN STATION PARMCODE STATCODE DATE NOVALUE SREAD INTERVAL READINGS;
KEEP STATION PARMCODE STATCODE DATE DATETIME VALUE TIME;
INPUT

333

037 
<a 39

043
0 45

047
049
077

$CHAR15.
IB4.
IB2.
IB2.
IB?.
IB2.
IB2.
IB2.
IB2.
RB4. flO-

STATION
PARMCODE
YEAR
MONTH
DAY
STATCODE
INT
SREAD
READINGS
NOVALUE 

COUNT=0;
DATE=MDY(MONTH,DAY,YEAR); 
INTERVALS 6 4 00/I NT; 

LINK UNIT;
INPUT 037 YEAR IB2.; 

RETURN; 
UNIT:

COUNT+1;
IF COUNT > READINGS THEN RETURN; 
P=77+COUNT*4; 
INPUT O.P VALUE RB4. 0@. 
IF VALUE=NOVALUE THEN GO TO UNIT; 
TIME=(SREAD+COUNT-1)*INTERVAL; 
DATETIME=DATE*86400+TIME; 
OUTPUT; 
GO TO UNIT;

FORMAT DATE YYMMDD8. DATETIME DATETIME16. PARMCODE Z5. TIME TIME8.; 
LABEL TIME = TIME OF DAY(HH: MM:SS); 
LENGTH PARMCODE 4 VALUE 4 STATCODE 3 DATE 4 TIME 4;

The above procedure is brought in automatically by the calling 
program when card 11 is included and MACRO=UV is soecified on card 
The UVINPUT macro establishes a SAS data set from the unit values 
data.
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The following SAS instructions would follow the "MACRO" Procedure 
(card 11).

Card 1..PROC SORT OUT=UVFILE.UVMASTER;
2.. BY STATION PARMCODE DATETIME;
3.. FORMAT DATE YYMMDD8.;
4..PROG PRINT;

The above SAS instruction cards 1-4 will cause the following to happen:

(1) A sort by station and parameter code is performed on the 
data set created by UVINPUT. The new SAS data set is 
called UVMASTER which is the Unit-Values data set for state XX

(2) Instruction 3 specifies the format to be used when DATE is 
output by PROC PRINT.

(3) The newly established SAS data set is printed by the 
instruction given on card 4

PROC PRINT;

The following pages present JCL commands, SAS instructions and 
sample output resulting from creating a Unit-Values File for urban 
data collected at a multifamily residential site near Miami, Fla. 
The order of the output corresponds to the sequential processing of 
JCL and SAS commands as referenced on the preceding pages.
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3.33 Updating Data Sets

After the original creation of a state's User File UV component, 
all further operations are actually updates (corrections and 
additions) to the file. Therefore, JCL and SAS commands change to 
reflect an update operation.

3.331 JCL Commands

In section 3.321/ cards 7, 8, and 9* are replaced by these two 
cards:

Card 7..//UVFILE DD DSN=AG4yyyz.STATEXX.URBAN.UNIT.VALUES/ 
8..// DISP=OLD

*Note: There is no card 9 for this operation.

This change reflects the status of OS data set UVFILE as already 
existing.

3.332 SAS Commands

The UVINPUT "MACRO" Procedure SAS instruction cards remain the 
same as in section 3.322. The other SAS instruction cards that 
follow do change and are listed below.

UVINPUT SAS "MACRO" Procedure - (another retrieval from WATSTORE
unit-values file)

Card 1..PROC SORT OUT=TEMP;
2.. BY STATION PARMCODE DATETIME;
3.. FORMAT DATE YYMMDD8. ;
4..DATA UVFILE.UVMASTER;
5..UPDATE UVFILE.UVMASTER TEMP;
6.. BY STATION PARMCODE DATETIME;
7..PROC PRINT;

The above procedure/ cards 1-7, is for merging additional data 
into the UVMASTER file. If the data to be entered is an update of 
previously entered data/ then the new data will replace the old. 
If the UVMASTER file is large/ then probably card 7 should be removed 
or placed behind card 3 to print out a listing of the new data that are 
being entered into the UVMASTER file.

An example of updating the Unit-Values File for the Miami/ Fla./ 
multifamily residential site is presented on the following pages. 
The JCL commands/ SAS instructions and sample output are all 
illustrated.
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3.4 Water-Quality File Component

The water-quality file component of the User File has the 
capacity to store as many water-quality parameters per water sample 
as necessary and as prudent use of storage facilities allows. A 
variable number of samples per storm and parameters per sample can 
be stored so the approximate total capacity of this file is:

M   N   0   P

where
M = number of sites;
N = number of storms;
0 = number of samples; and
P = number of parameters for a given sample.

Data that are put into the file are generated from the standard 
WATSTORE retrieval program QWRETR. QWRETR takes data from the 
Water-Quality File in WATSTORE and passes it to a PL/I program 
called QWSAS that has been loaded as a SAS PROC. QWSAS transforms 
the data into a SAS data set named DATA1. The standard default 
parameters that make up DATA1 are STATION, the station identification 
number, and one variable for each parameter code listed on the QWRETR 
output parameter list cards. The parameter values are stored in 
variables named Pnnnnn, where nnnnn is the parameter code on the 
output list. Section R of Chapter IV, Volume 3, WATSTORE User's 
Guide fully describes the computational process and corresponding 
SAS data set output.

3.41 Naming Data Sets

The Operating System DSN for User File water-quality data sets 
is AG4yyyz.STATEXX.URBAN.QW.VALUES. XX and yyyz are determined as 
defined in Section 3.21. The SAS data set member name is QWMASTER. 
Again as stated in other sections of this report, the 39 possible 
SAS data sets that could be a part of the OS data set are for 
creating user work data sets and so forth. The JCL statement

//QWFILE DD DSN=AG4yyyz.STATEXX.URBAN.QW.VALUES,... 

references the OS data set. The corresponding SAS data set reference is

QWFILE.QWMASTER 

which refers to the SAS data set that is a member of the OS data set.

3.42 Creating Data Sets

There are two sets of commands necessary for establishing a 
new QW File for a State. JCL commands that define the data set name 
to the operating system is the first set. The second set are SAS 
instructions that are used to define organization of the QW File.
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3.421 JCL Commands

The necessary JCL cards are as follows:

COL.1 COL.12 
o  

Card 1..// JOB
2..//PROCLIB DD DSN=WRD.PROCLIB , DISP=SHR
3..// EXEC QWRETR,AGENCY=USGS
4..//HDR.SYSIN DD *

Retrieval cards for QWRETR

5..XQWSAS
6../*
7..// EXEC WRDSAS
8..//QWFILE DD DSN=AG4yyyz.STATEXX.URBAN.QW.VALUES,
9..// DISP=(NEW,CATLG) , DCB=DSORG=DA,

10..// SPACE=(TRK,(N1,N2),RLSE),UNIT=3330-1,VOL=SER=CCD810
11..//SYSIN DD *
12..PROC QWSAS DATE TIME REMARKS;

Other SAS commands

13../*
14..//

The above JCL cards do the following:

Card 1..Job control card.
2..Invokes the WRD cataloged procedure library.
3..Invokes the cataloged procedure QWRETR.
4..Establishes that incoming data cards for QWRETR follow,
5..Signals to QWRETR that a QWSAS execution will follow.
6..Delimiter or JCL step separator card.
7..Invokes the procedure WRDSAS to call the WRD loaded

version of SAS. 
8-10..Defines data set to be created for state XX to be

placed on WRD disk CCD810. Space to be reserved
for data set = N1 + 15(N2) tracks (explained in
Appendix A of this report) 

11..Establishes that incoming SAS data cards follow.
12..Activates SAS PROC QWSAS.
13..Delimiter.
14..End of job card.
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3.422 SAS Commands

Between cards 11 and 13 given in section 3.421, reference 
was made to an instruction card PROC QWSAS and other SAS commands. 
The PROC QWSAS command will generate a SAS data set with a variable 
named STATION and one variable for each parameter code listed on 
the QWRETR output parameter list cards. Additionally, users will 
probably want other variables included. To do this, card 12 in 
section 3.421 is coded as illustrated to include the other variables.

Card 12..PROC QWSAS DATE TIME REMARKS; 

The other SAS commands are listed below.

Card 1..PROC SORT OUT=QWFILE.QWMASTER;
2.. BY STATION DATE TIME;
3.. FORMAT DATE YYMMDD8.;
4..PROC PRINT;

The above SAS commands will perform the following functions on 
the SAS data set DATA1 that was created by PROC QWSAS.

(1) QWFILE.QWMASTER is sorted by STATION and PARMCODE.
(2) The newly established data set QWFILE.QWMASTER is

printed by the instruction card 4. The variable DATE 
is printed using the format specified on card 3.

In sections 3.222 and 3.322 the SAS commands made reference to two 
macro procedures, DVINPUT and UVINPUT. Similarly, the macro for 
the water-quality file component is QWINPUT. The statements listed 
on the next page make up the macro QWINPUT.
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MACRO QWINPUT

********THIS MACRO CREATES A SAS DATASET FROM RETRIEVED WATER QUALITY DATA
VARIABLES CREATED ARE STATION, PARMCODE, DATETIME, VALUE, REMARK ***** 

DATA QW; RETAIN STATION N DATETIME; 
INFILE BKFILE; 
INPUT @2 STATION $15. @19 DATE YYMMDD6. @33 HH 2.

035 MM 2. (?133 N IB4. @@; 
IF MM=. THEN MM=0 ; IF HH=. THEN HH=0.;

DATETIME=DHMS(DATE,HH,MM,O); 
PUTOUT:

N=N-1

P=137 + 12*N;
IF N=0 THEN GO TO LAST;
INPUT @P PARMCODE IB4. VALUE RB4. REMARK $1. @@;
OUTPUT;
GO TO PUTOUT; 

LAST:
INPUT @P PARMCODE IB4. VALUE RB4. REMARK $1.;
OUTPUT;

DROP N P DATE HH MM; 
FORMAT DATETIME DATETIME18.; 
LENGTH PARMCODE 4 VALUE 4;

The variables that would be generated as a result of the 
macro QWINPUT would be:

(1) STATION Station identification number.
(2) PARMCODE 5-digit WATSTORE parameter code.
(3) VALUE Unit value of parameter.
(4) DATE Date of collection or measurement of sample value.
(5) REMARK Remark code corresponding to retrieval parameter.

If the user wants to use QWINPUT, then necessary JCL information for 
card 8 in section 3.421 would have to be supplied. It is recommended 
that the PROC QWSAS be used and retain instructions for QWINPUT 
as a reference.

The following pages illustrate JCL commands, SAS instructions, 
and sample output resulting from creating a Water-Quality File for 
urban data collected at a multifamily residential site near Miami, 
Fla. The order of the output corresponds to the sequential processing 
of JCL and SAS commands as referenced on the preceding pages.
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3.43 Updating Data Sets

After the original creation of a state's User File QW component, 
all further operations are actually updates (additions or corrections) 
to the file. The JCL and SAS commands change to reflect an update 
operation.

3.431 JCL Commands

In section 3.421 cards 8, 9, and 10* are replaced by these 
two cards:

Card 8..//QWFILE DD DSN=AG4yyyz.STATEXX.URBAN.QW.VALUES, 
9..// DISP=OLD

*Note: There is no card 10 for this operation.

The above statement references the OS data set as alreadv existing.

3.432 SAS Commands

When updating, the PROC QWSAS is still activated but the other 
SAS instruction cards change and are listed below.

Card 1..PROC QWSAS DATE TIME REMARKS;
2..PROC SORT OUT=TEMP;
3.. BY STATION DATE TIME;
4.. FORMAT DATE YYMMDD8.;
5..DATA QWFILE.QWMASTER;
6..UPDATE QWFILE.QWMASTER TEMP;
7.. BY STATION DATE TIME;
8..PROC PRINT:

The above procedure, cards 1-8, is for merging data into the 
QWMASTER file that has not been previously entered. Card 8 should 
probably be placed behind card 4 if the data set is very large. 
This will list the new data that is being entered into the QWMASTER 
file.

An example of updating the Water-Quality File for the Miami, 
Fla., multifamily residential site is presented on the following 
pages. The JCL commands, SAS instructions and sample output are 
all illustrated.
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3.5 Backup of User File

If the user is making many retrievals or just wishes to 
maintain a backup for security, the SAS Procedure COPY may be 
used. This procedure will back up entire OS data sets which contain 
SAS data sets or selected SAS data sets. To back up a data set 
containing daily values the following JCL and SAS instructions 
would be used.

COL.1 COL.12
   

Card 1..// JOB
2../*SETUP xxxxxx/HR
3..//PROCLIB DD DSN=WRD.PROCLIB,DISP=SHR
4..// EXEC SAS
5..//DVFILE DD DSN=AG4yyyz.STATEXX.URBAN.DAILY.VALUES,
6..// DISP=OLD
7..//BACKUP DD DSN=YOUR.BACKUP.TAPE,
8..// UNIT=TAPE62,VOL=SER=xxxxxx,DCB=DEN=4,
9..// DISP=(NEW,CATLG)
10..//SYSIN DD *
11.. PROC COPY IN=DVFILE OUT=BACKUP;
12../*
13..//

This program will copy the data set AG4yyyz.STATEXX.URBAN.DAILY.VALUES 
onto the user specified backup tape xxxxxx. The data may be retrieved 
at any time and copied back to the disk with PROC COPY.

If the master files are used by more than one user, care should 
be taken when restoring data. The backup should only be used in 
the case of destruction of a data set and should only be applied 
after consulting the urban 'studies data base coordinator. The above 
procedure can be applied to backup any user file and is highly 
recommended.
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CHAPTER 4. BASIN CHARACTERISTICS FILE

Previous studies by the USGS in Portland, Oreg., and Miami, 
Fla., have indicated that storm loading of selected water-quality 
constituents can be related statistically to characteristics of 
storms and to watershed characteristics describing the generalized 
physiography and land use using multiple regression techniques. 
For the purpose of regional and national transferability, a 
consistent set of basin characteristics will be compiled for each 
basin included in the USGS/USEPA Urban Hydrology Studies Program. 
The physiographic and land-use characteristics that can be used in 
statistical analyses are listed in table 4.1. Changes in characteristics 
during the study period must be documented. Other basin characteristics 
that are expected to explain or relate to water quantity or quality in 
each study area should be compiled and tested for statistical significance 
and should be included along with table 4.1 characteristics if found 
to be significant. These other types of characteristics are explained 
later.

Distributed runoff/water-quality models require specific 
physical characteristics and model parameters for subcatchments of 
each watershed. Selection of characteristics and the degree of 
subdivision is dependent on the model selected and the level of 
detail intended for each model application. Table 4.1 information is 
not intended to support detailed watershed model development.

The methods used to compile data for table 4.1 should be 
consistent, to the degree possible, for all studies. However, 
source materials vary significantly and the size of the watershed 
may dictate the method and source used. It is suggested that the 
best available topographic and soils map be used for the physiographic 
characteristics. The drainage areas or subareas of a watershed 
should be determined with an accuracy of five percent or better. 
Planimetering is preferred, however, the grid-point method is an 
efficient means of determining drainage areas. This method entails 
overlaying a grid of equi-soaced points over the source map and 
counting points falling in each area. Areas are determined from 
the known grid scale relative to the map scale. Generally, a 
scale allowing 100 or more points over an entire watershed will 
provide the needed accuracy.

The size of the watershed should be considered when selecting 
methods. For example, impervious area and street density should be 
measured directly from a map or areal photo in conjunction with 
field verification for small watersheds. For large areas, however, 
estimates may be made from average values using zoning maps. Also, 
population density may be estimated by counting houses in a small 
watershed, whereas a zoning map can be used for larger areas.
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Table 4.1 Physiographic, land use, and water-quality characteristics 
in the Basin Characteristics File.

Variable 
Name

Variable Identification
Numeric Values

SITE 1. Site identification number which is an 8 or 15 digit
station ID.

TCAREA 2. Total drainage area, in square miles (exclude non- 
contributing areas).

IAREA 3. Impervious area in percentage of drainage area. 
EAREA 4. Effective impervious area in percentage of drainage

area. Include only impervious surfaces connected
directly to a sewer pipe or principal conveyance. 

BSLOPE 5. Average basin slope, in feet per mile, determined from
an average of terrain slopes at 50 or more equispaced
points using best available topographic map. 

CSLOPE 6. Main conveyance slope, in feet per mile, measured at
points 10 and 85 percent of the distance from the
gaging station to the divide. 

PAHOR 7. Permeability of the A horizon of the soil profile,
in inches per hour. 

AWAABC 8. Available water capacity as an average of the A, B, and
C soil horizons, in inches of water per inch of soil. 

SWPHA 9. Soil-water pH of the "A" horizon (in H2O). 
HYSGR 10. Hydrologic soil group (A, B, C, or D) according to SCS

methodology. Use numeric codes, A=1, B=2, C=3, D=4. 
POPDEN 11. Population density in persons per square mile. 
STDEN 12. Street density, in lane miles per square mile

(approximately 12 ft. lanes). 
13. Land use of the basins as a percentage of drainage

area including:
LURUPA a. Rural and pasture. 
LUAGRI b. Agricultural.
LULOWD c. Low density residential (1/2 to 2 acres/dwelling). 
LUMEDD d. Medium density residential (3 to 8 dwellings/acre). 
LUHIGD e. High density residential (9 or more dwellings/acre). 
LUCOMM f. Commercial. 
LUINDU g. Industrial.
LUCONB h. Under construction (bare surface). 
LUIDLE i. Idle or vacant land. 
LUWETL j. Wetland. 
LUPARK k. Parkland.
DETSTO 14. Detention storage in acre-feet of storage. 
PERWUD 15. Percent of watershed upstream from detention storage. 
PERSEW 16. Percent of area drained by a storm-sewer system. 
PERCAG 17. Percent of streets with curb and gutter drainage. 
PERDAS 18. Percent of streets with ditch and swale drainage. 
MANRNT 19. Mean annual rainfall in inches. (long term) 
TENYRR 20. Ten year 1-hour rainfall intensity in inches per hour.

(long term) 
MRLxxxxx 21. Mean annual loads of water-quality constituents in runoff,

in pounds/acre. xxxxx is the 5-digit WATSTORE parameter code, 
MWLxxxxx 22. Mean annual loads of constituents in wetfall, in

pounds/acre. xxxxx is as defined in item 21. 
MDLxxxxx 23. Mean annual loads of constituents in dryfall, in pounds/acre.
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The soil characteristics (items 7-10) should be weighted areally 
for each watershed based on SCS soil-series maps and the generalized 
characteristics for each soil series. Land use should be 
based on a land-use map if available or a set of areal photographs. 
Generally/ USGS topographic maps are not adequate for determining 
land use. City planning agencies often have land-use source maps 
available.

Some cross checking is necessary for quality control. For 
example, land uses should add up to 100 percent. Also, items 17 
and 18 should add up to 100 percent. Some field checking may 
be required for quality control.

The annual rainfall characteristics (items 19 and 20) should 
be determined from National Weather Service maps or from nearby 
weather records provided the data are transferable to the watershed. 
In an area of high rainfall variability, a weather service map is 
the preferable source.

The annual loads of constituents in runoff, wetfall, and dryfall 
(items 21, 22, and 23) are to be computed from data collected for 
the study. The constituents to be included should correspond to 
chemical parameters required by the program. Definition of individual 
parameters will be stored as a part of the variable name with xxxxx 
being the 5-digit WATSTORE parameter codes. Only parameters that, 
have adequate sample definition are computed by summing the computed 
storm loads and estimates for unsampled storm events and. base-flow 
loads.

4.1 Organization of the File

The Basin Characteristics File (Operation H, figure 1.1), 
referred to as the BC File, contains specific-site information such 
as the data listed in table 4.1. These data are all numeric entries.

Urban study areas may have environmental practices which impact 
water quantity and quality. These practices should be identified 
and documented to support both modeling and statistical techniques 
of analysis to establish cause and effect relationships between 
management techniques and water-quality processes. Therefore, 
environmental practices data are included in the BC File. A list 
of environmental-practice data for each urban studv is listed in 
table 4.2. These data are also stored in the BC File in the same 
data set as table 4.1 data. The first group of six characteristics 
must be defined numerically. Because these data are difficult to 
collect, some means of estimating must be devised depending on 
available information sources. Street sweeping, sewer flushing, 
and catch basin cleaning frequencies (items 1, 4, and 5) may be 
obtained from city records. Because each record may not be adequate, 
it may be wise to arrange for more adequate recordkeeping for 
specific areas during the study period. Annual fertilizer applications
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Table 4.2 Environmental practices inventory characteristics in the
Basin Characteristics File.

Variable 
Name

AVFRSS 
EAFENI

EAFEPR

AVSEFF 
AVBCFR 

EADVTR

Variable Identification

MEFQSC 
GAOINE 
RECOLP 
SWASDP 
FLREFE 
LEAFDP 
SEDSOU 
STPTCO 
DEICCH

1.
2.

3.

4.
5.
6.

1.
2.
3.
4.
5.
6.
7.
8.
9.

Numeric Values

Average frequency of street sweeping, in days. 
Estimated annual fertilizer applied to watershed, 
in pounds per acre of nitrogen.
Estimated annual fertilizer applied to watershed, 
in pounds per acre of phosphorous. 
Average sewer flushing frequency, in days. 
Average catch basin cleaning frequency, in days. 
Estimated average daily vehicle traffic, in 
vehicle miles per day.

Descriptive, as many as 80 characters per variable

Method or type of street sweeping equipment.
Grading and agricultural ordinances in effect.
Refuse collection practice.
Solid-waste-disposal areas in watershed.
Flood retarding features such as gravel filter strips
Leaf disposal practice in watershed.
Identify major sediment source(s).
Street pavement and condition.
Deicing chemicals.
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(items 2 and 3) can be estimated from generalized zoning or land- 
use maps and estimates of application rates from county extension 
agents. A more accurate method may be to poll a representative 
portion of homes in a residential area. Average daily traffic can 
be estimated from available traffic count records and from generalized 
estimates for each specific street category (i.e., residential, 
commercial, etc.). Vehicle traffic, in miles per day (item 6), can 
be computed by multiplying the traffic counts by the lengths of 
street in each category and summing the results for each basin. 
Local traffic engineers can be very helpful in making these estimates.

The second group of practices (items 1-9) are intended to 
provide background information to the data user. Each descriptor 
will be stored in the data management system as 80 alphanumeric 
characters.

Climatological or hydrologic factors which affect stormwater 
runoff quality include rainfall depth, rainfall intensity, runoff, 
and antecedent conditions. Constituent accumulations and washoff 
processes can be explained by combinations of these hydrologic 
variables, ohysiographic characteristics, existing drainage 
patterns, and environmental practices. Table 4.3 contains a 
list of storm characteristics, many of which have been found to be 
significant in previous statistical analyses or model applications. 
These data are stored in a separate SAS data set just for storm 
characteristic data in the BC File. Other storm characteristics 
that are expected to explain or relate to water-quantity or quality 
processes should also be compiled and tested for statistical 
significance.

The characteristics related to storm events (table 4.3) are 
compiled from data collected for each watershed. Most of these are 
self explanatory and can be extracted directly from rainfall or 
flow records. The remaining part of Chapter 4 explains one mode of 
entering the data and that is by direct input. Chapter 5 also 
documents user programs (section 5.4) that can be used to retrieve 
storm data and compute some of the data in table 4.3.

For the purpose of consistency, the duration of a storm event 
will be defined by the interval beginning when the flow reaches a 
point 25 percent above base flow and ending when the flow recedes 
to this same level. For storm sewers or channels that were previously 
dry, the duration of runoff begins when runoff begins and ends when 
the flow recedes to 10 percent of the peak flow. The duration of 
the rainfall event (item 18) begins at the start of rainfall and 
ends when the last rainfall is followed by f> or more hours without 
rainfall. It should be recognized that use of this definition may 
mean that on large basins, more than one storm event may contribute 
to a single runoff event. The runoff, dryfall, and wetfall loads 
are computed for those constituents which have adequate data to 
define the load over the hydrograph. Space for as many load 
computation results as needed is reserved for items 21, 22, and 
23. There is no limit to the number of different constituent 
loads that can be included as a part of the observation record.
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Table 4.3 -Characteristics related to storm events in the national
urban studies program.

Variable 
Name

SITE 

BDATE 

BTIME 

EDATE

ETIME
TRAINA
MAXR5
MAXR15
MAX1H
NDRDO2

DERNPD 

DERNP3 

DERNP7

TOTRUN 
PEAKQ 
BFLOW 
DURSTO

DURRNF 
TIMBPK

TILASC 
RLxxxxx

WLxxxxx

DLxxxxx

Variable Identification
Numeric Values

1. Site identification number which is an 8 or 15 
digit station ID.

2. Storm begin date; year, month, day, - for example, 
800601.

3. Storm begin time expressed in military format, 
0001-2400.

4. Storm end date; year, month, day, - for example, 
800602.

5. Storm end time expressed in military format, 0001-2400.
6. Total rainfall, average for the basin in inches.
7. Maximum 5-minute rainfall rate in inches per hour.
8. Maximum 15-minute rainfall rate in inches per hour.
9. Maximum 1-hour rainfall rate in inches per hour.

10. Number of dry hours nrior to storm, counting backwards 
to storm event with rainfall greater than 0.2 inches.

11. Depth of rainfall accumulated during previous 24 hours, 
in inches.

12. Depth of rainfall accumulated during previous 72 hours, 
in inches.

13. Depth of rainfall accumulated during previous 168 hours, 
in inches.

14. Total runoff, in inches, over the basin.
15. Peak discharge, in cubic feet per second.
16. Base flow prior to storm, in cubic feet per second.
17. Duration of storm runoff used to calculate load, 

in minutes.
18. Duration of rainfall, in minutes.
19. Time from beginning of rainfall to hydrograph peak, 

in minutes.
20. Time since last street cleaning, in days.
21. Storm-runoff loads of individual constituents, in

pounds per acre. WATSTORE parameter codes are to be 
used in place of xxxxx, for example, RL01051 is the 
variable name for storm-runoff load for total lead.

22. Wetfall loads of individual constituents since
previous storm sampled, in pounds per acre. xxxxx is 
as defined in no. 21.

23. Dryfall loads of individual constituents since
previous storm in pounds per acre (interpolated from 
monthly dryfall rate, based on number of dry hours, 
i.e., no. 10 above).
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4.2 Naming Data Sets

The OS data set name (DSN) for BC File basin and storm 
characteristics data sets is AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA 
where the first two parts AG4yyyz and STATEXX are as defined in 
section 3.21 of chapter 3. There will be at least two SAS data 
set members in each OS data set. One, designated as BCMASTER, 
will contain all the site descriptive data for a state urban study 
(information in tables 4.1 and 4.2). Information in BCMASTER is 
not limited only to tables 4.1 and 4.2 data. New data variables 
only need to be defined and the corresponding data values entered. 
The other SAS data set member is SCMASTER and contains individual 
storm characteristics data for each site (table 4.3).

The JCL statement

//BCFILE DD DSN=AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA,...

references the OS data set AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA. 
The SAS reference statements BCFILE.BCMASTER and BCFILE.SCMASTER 
refer to the two SAS data sets described above that are members of 
the OS data set AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA. The link 
between the two SAS data sets and the OS data set is the BCFILE 
reference that appears in each statement.

4.3 Creating and Updating Basin Characteristics Data Sets

The following pages illustrate JCL commands, SAS instructions 
and sample output that result when a Basin Characteristics file 
(BCMASTER) is created and updated.

4.31 Creating Basin Characteristics Data Sets

The Basin Characteristics file (BCMASTER) creation macros are 
stored as SAS code in the partitioned data set AG4254J.URBAN.SOURCE as 
member name BCFILE. Figure 4.31.1 is a listing of the job to create 
the BCMASTER file. Two macros are referenced in this job. The 
macro XINPUT reads the complete data deck describing the basin. 
The input formats may be read directly from the XINPUT macro listing 
included in the job listing at the end of this section. They define 
all the data names of the various data values that are a part of 
BCMASTER. Also, the respective card positions for each data variable 
are documented. For example, SITE is on the first card in columns 
1-15. If a $ sign appears before the column numbers, this defines 
the incoming data as alphanumeric. A new data card is designated 
by a slash (/) symbol that appears before the first variable on the 
card.

A second macro, XLIST, is called which creates an output 
listing of the data for verification and future reference. Several 
computations are made on the incoming data by XLIST. The percentage 
of total land use and total street drainage are accumulated for 
cross checking the data.
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COL.1 COL.12

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

.// JOB

.// EXEC SAS,TIME=(/5)

.//BCFILE DD DSN=AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA,

.// DISP=OLD

.//SYSIN DD DSN=AG4254J.URBAN.SOURCE(BCFILE),DISP=SHR

.// DD *
DATA BCFILE.BCMASTER ; 
XINPUT

12345678 20 .60 
.001 .002
.75 .5 7.2 

1000 20
.10 .10 .10 .10 .04 .10 .10 .10 

200 .30 .70

.40

.06 .10
.35

.10 
.75

.00095

.00310

.00340

.00500

.00600

.00665

.00690

.01051

.01092

.MEFGSC 

.GADINE 

.RECOLP 

.SWASDP 

.FLREFE 

.LEAFDP 

.SEDSOU 

.STPTCO 

.DEICCH

65 7.2
40.2654

27.0574
36.4165
0.4760
0.0326
11.8254

30 100 100
30 60 1000 

METHOD OR TYPE OF STREET SWEEPING EQUIPMENT 
GRADING -AND AGRICULTURAL ORDINANCES IN EFFECT 
REFUSE COLLECTION PRACTICE 
SOLID WASTE DISPOSAL AREAS IN WATERSHED
FLOOD RETARDING FEATURES SUCH AS GRAVEL FILTER STRIPS 
LEAF DISPOSAL PRACTICE IN WATERSHED 
IDENTIFY MAJOR SEDIMENT SOURCES 
STREET PAVEMENT AND CONDITION 
DEICING CHEMICALS

XLIST

Figure 4.31.1. SAS and JCL commands for executing a Basin Characteristics 
file creation.
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The run deck consists of job control language (JCL), SAS statements 
and input data cards. The following is a card by card description 
of the sample run deck listed in figure 4.31.1. For further 
discussion of the JCL see the CCD User's Manual.

The JCL must be entered in certain card columns as shown 
(figure 4.31.1). The SAS statements may be entered in any columns.

Card 1..Job card.
2..Execute a SAS program using a maximum of 5 seconds. 

3-4..JCL specifying the name of the OS data set which
contains the SAS data set BCMASTER.

5-6..Input to SAS will come from the partitioned data set 
AG4254J.URBAN.SOURCE. Member BCFILE is specified. 
The cards following the '*' are to be concatenated 
to the source statements from BCFILE and executed.

7..A SAS statement describing BCMASTER as the output data 
set.

8..Calls the macro XINPUT which reads the following data
cards.

9-35..Input data cards describing the basin. 
36..SAS end of data indicator. 
37..Calls the macro XLIST to create a listing of all input

data. 
38-39..End of step and job.

The following pages illustrate a complete sample run. The listing 
includes JCL commands, SAS instructions, and corresponding output.
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4.32 Updating Basin Characteristics Data Sets

This section covers updating information which is already in 
BCMASTER and adding data for additional basins to the data set. 
The macros XINPUT and XLIST are also used in an update run. In 
addition the macro XUPDATE which suoplies the SAS update code is 
used. These macros are located in member BCFILE of the partitioned 
data set AG4254J.URBAN.SOURCE. Figure 4.32.1 is a listing of the 
job deck to update or add to the BCMASTER file. The only cards 
which differ (assuming the OS data set exists in the creation run) 
are card 7 which allows SAS to create an intermediate temporary data 
set containing all the new inputs and card 38 which calls the update 
macro. All data cards for a site should be entered when making 
updates so that a complete new listing can be generated and filed. 
Several computations are made on the incoming data as seen on the 
output listing. The percentage of total land use and total street 
drainage are accumulated for cross checking the data.

The pages following figure 4.32.1 illustrate JCL commands, 
SAS instructions, and sample output that result when a BCMASTER 
data set in the BC File is updated. The output order corresponds 
to the sequential processing of JCL and SAS commands in an update 
operation.
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Card 1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

,// JOB
,// EXEC SAS,TIME=(,5)
,//BCFILE DD DSN=AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA,

,// DISP=OLD
.//SYSIN DD DSN=AG4254J.URBAN.SOURCE(BCFILE),DISP=SHR
.// DD *

DATA NEWBASIN ; 
XINPUT

12345601 20 .60 .40 
.001 .002
.75 .5 7.2 1 

1000 20
.10 .10 .10 .10 .04 .10 .10 .10 .06 

200 .30 .70 .35
65 7.2 

,00095 24.3040 
,00310
,00340 15.8987 
00500 24.4288 
,00600 0.4614 
,00665 0.0160 
,00690 8.4905 
01051 0.0430 
,01092 0.0291

30 100 100 
30 60 1000

MEFGSC - METHOD OR TYPE OF STREET SWEEPING EQUIPMENT 
,GADINE - GRADING AND AGRICULTURAL ORDINANCES IN EFFECT 
RECOLP - REFUSE COLLECTION PRACTICE 
.SWASDP - SOLID WASTE DISPOSAL AREAS IN WATERSHED 

FLREFE - FLOOD RETARDING FEATURES SUCH AS GRAVEL FILTER STRIPS 
.LEAFDP - LEAF DISPOSAL PRACTICE IN WATERSHED 
,SEDSOTJ - IDENTIFY MAJOR SEDIMENT SOURCES 
STPTCO - STREET PAVEMENT AND CONDITION 
DEICCH - DEICING CHEMICALS

XLIST 
XUPDATE

.10 .10 
.75

Figure 4.32.1. SAS and JCL commands for executing a Basin Characteristics 
file update.
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d 4 Creating and Updating Storm Characteristics Data Sets

The following pages illustrate JCL commands, SAS instructions 
and sample output that result when a Storm Characteristics file 
(SCMASTER) is created and updated.

4.41 Creating Storm Characteristics Data Sets

The Storm Characteristics file (SCMASTER) creation macros are 
stored as SAS instructions in the partitioned data set AG4254J.URBAN.SOURCE 
with a member name of SCFILE. Figure 4.41.1 is a listing of the 
job to create the SCMASTER file. Two macros are referenced in 
this job. The macro XINPUT reads the complete data deck describing 
the storm. All the data names of the various data values that are 
a part of SCMASTER are defined in table 4.3. The input formats 
may be read directly from the XINPUT macro listing included in the 
job listing at the end of this section. The respective card positions 
for each data variable are documented. For example, SITE is on 
the first card in columns 1-15. If a $ sign appears before the 
column numbers, this defines the incoming data as alphanumeric. A 
new data card is designated by a slash (/) symbol that appears 
before the first variable on the card.

A second macro, XLIST, is called which creates an output 
listing of the data for verification and future reference.

The run deck consists of job control language (JCL), SAS 
statements and input data cards. The following is a card by card 
description of the sample run deck listed in figure 4.41.1. For 
further discussion of the JCL see the CCD User's Manual.

The JCL must be entered in certain card columns as shown 
(figure 4.41.1). The SAS statements may be entered in any columns.

Card 1..Job card.
2..Execute a SAS program using a maximum of 5 seconds. 

3-4..JCL specifying the name of the OS data set which contains
the SAS data set SCMASTER. 

5-6..Input to SAS will come from the partitioned data set
AG4254J.URBAN.SOURCE. Member SCFILE is specified. The 
cards following the '*' are to be concatenated to the source. 

7-9..SAS comment statements.
10..SAS statement describing SCMASTER as the output data set. 
11..Calls the macro XINPUT which reads the following data cards. 

12-23..Input cards describing the storm. 
24..SAS end of data indicator.
25..Calls macro XLIST to create a listing of all input data. 

26-27..End of step and job.

The pages following figure 4.41.1 illustrate a complete sample 
run. The listing includes JCL commands, SAS instructions, and 
corresponding output.
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COL.1 COL. 12

Card 1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

  //
.// EXEC
.//BCFILE

JOB
SAS,TIME=( / 5)
DD DSN=AG4yyyz . STATEXX .URBAN . BASIN . STORM. DATA,

.// DISP=OLD

.//SYSIN
 //
.*

DD DSN=AG4254J. URBAN. SOURCE (SCFILE) ,DISP=SHR
DD *

.*   PROGRAM TO CREATE NEW STORM CHARACTERISTICS FILE

.;

.

.
DATA BCFILE. SCMASTER ;
X INPUT

.FL.HWY.STE S001 750415 1417 750415 1630

.0.07

.0.01

.00095

.00310

.00340

.00500

.00600

.00665

.00690

.01051

.01092

.

.

./*

  //

0.53 0.18 0.05 50 0.00
0.47 0.00 130 131 17
40.2654

27.0574
36.4165
0.4760
0.0326
11.8254

;
XLIST

0.09 0.09

Figure 4.41.1. SAS and JCL commands for executing a Storm 
Characteristics file creation.
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4.42 Updating Storm Characteristics Data Sets

This section covers updating information which is already in 
SCMASTER and adding data for additional storms to the data set. 
The macros XINPUT and XLIST are also used in an update run. In 
addition, the macro XUPDATE which supplies the SAS update code is 
used. These macros are located in member SCFILE of the partitioned 
data set AG4254J.URBAN.SOURCE. Figure 4.42.1 is a listing of the 
job deck to update or add to the SCMASTER file. The only cards 
which differ (assuming the OS data set exists in the creation run) 
are card 10 which allows SAS to create an intermediate temporary 
data set containing all the new inputs and card 26 which calls the 
update macro. All data cards for a site should be entered when 
making updates so that a complete new listing can be generated and 
filed.

The pages following figure 4.42.1 illustrate JCL commands, 
SAS instructions, and sample output that result when a SCMASTER 
data set in the SC File is updated. The output order corresponds 
to the sequential processing of JCL and SAS commands in an update 
operation.

4.5 Backup of Basin Characteristics File

Section 3.5 can be referenced for JCL commands that activate a 
SAS Procedure COPY that can be used to backup entire OS data sets 
or selected SAS data sets.
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Card 1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

// JOB
// EXEC SAS,TIME=(,5)
//BCFILE DD DSN=AG4yyyz.STATEXX.URBAN.BASIN.STORM.DATA,
// DISP=OLD
//SYSIN DD DSN=AG4254J.URBAN.SOURCE(SCFILE),DISP=SHR
// DD *
*

* PROGRAM TO ADD NEW OR UPDATED STORM CHARACTERISTICS

FL.HWY
0.23
0.01
00095
00310
00340
00500
00600
00665
00690
01051
01092

/* 

//

DATA NEWSTORM ; 
XINPUT

,STE S002 750505 
1.34 0 .69 
0.32 0.00 
24.3040

15.8987
24.4288
0.4614
0.0160
8.4905
0.0430
0.0291 

i
XLIST 
XUPDATE

1930
0.23
26

750505
70
42

2300
0.00
7

0.00 0.00

Figure 4.42.1. SAS and JCL commands for executing a Storm Characteristics 
file update.
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CHAPTER 5. USER PROGRAMS FILE

In any data management system, routinely used computer programs 
need to be stored. These programs process the data from the data 
base for use in storm-water models, statistical, and other types of 
analyses. In essence, the file contains all programs that the 
user might need. This is the concept of the User Programs File.

5.1 Organization of File

The User Programs File (Operation I, figure 1.1), hereafter 
referred to as the UP File, contains user programs, urban stormwater 
models, utility programs to perform chemical load calculations, 
report listings, and other data operations. The programs are 
loaded as executable load modules either in the WRD program library 
or individual user libraries. Some of the utility programs are 
written as SAS instructions that perform the required data functions.

Users are encouraged to inform the data base coordinator about 
any programs they have developed or ones that they may have in 
their program libraries which are not available to other users. 
Updates of chapter 5 can be used to relay information about individual 
programs to other users. The data coordinator will specify what 
program documentation is needed.

5.2 Data Set Information

There are two categories of programs or data sets in the UP File; 
one loaded for use by all users, and the other being loaded for 
individual users. Programs in the latter category can be documented 
and included in this chapter if they can be used by others. The 
rest of Chapter 5 documents general-use programs. A brief description 
of program ourpose, required input formats, listing (if not available 
in some other publication), and program outputs are included. 
Information about program JCL is also documented.

5.3 Urban Stormwater Models

This section includes necessary information about the urban 
stormwater models and transformation programs that can be used to 
retrieve data from the data base for input to the models. This 
report is not intended to document the models, but to provide 
general information as related to the models and for interfacing 
with the data base.
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5.31 Urban Rainfall-Runoff Model DR3M

A computer program for routing urban flood discharges through a 
branched system of pipes or natural channels using rainfall as 
input is documented in Alley and Smith (1982a). The model combines 
soil-moisture-accounting and rainfall-excess components developed 
by Dawdy and others (1972); and surface runoff is routed using 
kinematic-wave theory.

Data from the daily-values and unit-values file components of 
the User File (Operation G) are required model input data. Dailv 
rainfall and evaporation totals are required as are also unit 
rainfall data. Unit discharge data can also be input to the model. 
The four types of data in the User File

(1) Unit-rainfall data;
(2) Unit-discharge data;
(3) Daily-rainfall data; and
(4) Daily-evaporation data

are preceded and followed by required model data that will not 
come from the User File.

Section 5.321 describes the SAS instructions that can be used to 
retrieve User File data and transform the data for model input. A 
second step or program (section 5.322) will combine these data with 
required model data that precede and follow the User File data. The 
next step in program execution order would be to activate the model/ 
program DR3M, with the output from the second step.

5.32 Rainfall-Runoff Model DR3M Interface Program

The DR3M Rainfall-Runoff model interface consists of two programs, 
The set of SAS macros called RRCARD will retrieve data from the data 
sets UVMASTER and DVMASTER and create card groups 8, 9, 10, and 11 in 
the prooer format to be used as input in the Rainfall-Runoff DR3M model, 
The FORTRAN program RRCOMB will combine the user-created input cards 
and RRCARD-created cards to form the run ready deck for DR3M. RRCOMB 
also uses dates from the unit-rainfall cards (card group 8) to mark 
storm days on the daily-rainfall cards (card group 10). The following 
is a brief description of RRCARD and RRCOMB and sample run decks.

5.321 RRCARD

RRCARD is a set of SAS macros which will create input data cards 
for the model from data stored in DVMASTER and UVMASTER. Specifically/ 
the program will create unit-rainfall data cards (card group 8)/ unit- 
discharge data cards (card group 9)/ daily-rainfall data cards (card 
group 10), and daily-evaporation data cards (card group 11).
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The RRCARD macro source code is stored in the partitioned data set 
AG4254J.URBAN.SOURCE which resides on the urban hydrology studies program 
disk (VOL=SER=CCD810) as the member RRCARD.

During the run the macros XDTIME and RID are executed to select data 
from UVMASTER and DVMASTER data sets. A description of these macros can 
be found in the RRLIST program description (section 5.41). In addition, 
there are two main macros which create the card images/ one which creates 
the unit values data cards called Macro CGROUP12 and Macro CGROUP34 which 
creates the daily values cards. These macros take the data selected by 
the storm interval cards and create the appropriately formatted input 
cards for the model. All the card images created by RRCARD are stored 
consecutively in the data set specified by the data definition card named 
CARDX (figure 5.321.1, card 7). In the example card deck given here 
(figure 5.321.1), all four card groups are requested. Any combination of 
card groups can be requested, except if the daily rainfall cards are 
requested, unit rainfall is also requested so that the storm days on the 
daily cards may be marked.

After running RRCARD, the program RRCOMB is run to create the final 
Rainfall-Runoff input data set.

The run deck consists of job control language (JCL), SAS statements 
and input data cards. The following is a card by card description of a 
sample run deck (figure 5.321.1). For further discussion of the JCL see 
the CCD User's Guide.

The JCL must be entered in certain card columns as shown in figure 
5.321.1. The SAS statements may be entered in any columns on the cards 
with spaces separating the values except where noted. For a more 
complete description of the Storm Interval Cards see the discussion 
on XDTIME Macro and figure 5.41.2.

Card 1.. Job card
2.. Execute a SAS program for a maximum of three

minutes 
3-4.. Data definition card specifying dai-ly values

data set for state XX. Specify disposition SHR
since this data set will not be written on. 

5-6.. Data definition card specifying unit values data
set for state XX. Specify disposition SHR. 

7-R.. Data definition card for data set where card
images will be stored. Specify disposition old.

9.. Data definition card specifying macro source data 
set and member RRCARD

10.. Indicates rest of SAS input follows in card deck 
11-13.. Optional SAS comment cards to separate the deck
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COL.l COL.12 
  9

1..// JOB
2..// EXEC SAS,TIME=3
3..//DVFILE DD DSN=AG4yyyz.STATEXX.URBAN.DAILY.VALUES,
4..// DISP=SHR
5..//UVFILE DD DSN=AG4yyyz.STATEXX.URBAN.UNIT.VALUES,
6..// DISP=SHR
7..//CARDX DD DSN=AG4yyyz.STATEXX.DATA,
8..// DISP=OLD
9..//SYSIN DD DSN=AG4254J.URBAN.SOURCE(RRCARD),DISP=SHR
10..// DD *
11..* ;
12..* ;
13..* ;
14..
15..

MACRO PC 00045 % 
XDTIME

254031080191103 780518 11 30 780518 15 21 STORM 48
254031080191103 780612 15 33 780612 16 41 STORM 52 
* .

DATA RAINFALL ;
SET TEMP UVFILE.UVMASTER ;
BY STATION PARMCODE DATETIME ;

16..254031080191103 770808 17 45 770808 23 01 STORM 17
17
18
19
20
21
22
23..* ;
24.. DATA TEMPI (RENAME=(TAG1=TAG)) ;
25.. SET RAINFALL ;
26.. RID
27.. MACRO INTERVAL 1 %
28.. MACRO DATATYPE 1 %
29.. MACRO OPT 0 %
30.. MACRO XPUTFILE CARDX OLD %
31.. CGROUP12
32.. MACRO PC 00060 %
33.. XDTIME
34..254031080191100 770808 17 45 770808 23 01
35..254031080191100 780518
36..254031080191100 780612
37..* ;

11 30 780518 15 21
15 33 780612 16 41

STORM 17 
STORM 48 
STORM 52

Figure 5.321.1. SAS and JCL commands for executing RRCARD,
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38.. DATA DISCH ;
39.. SET TEMP UVFILE.UVMASTER ;
40.. BY STATION PARMCODE DATETIME ;
41..* ;

42.. DATA TEMPI (RENAME=(TAG1=TAG)) ;
43.. SET DISCH ;
44.. RID
45.. MACRO OPT 1 %
46.. MACRO INTERVAL 1 %
47.. MACRO DATATYPE 2 %
48.. MACRO XPUTFILE CARDX MOD %
49.. CGROUP12
50.. MACRO DATATYPE 3%
51.. MACRO PC 00045 %
52.. XDTIME
53..254031080191103 770601 00 00 780617 00 00 RAINFALL
54.. DATA RAINFALL j
55.. SET TEMP DVFILE.DVMASTER ;
56.. RY STATION PARMCODE DATETIME ;
57.. DATA TEMPI (RENAME=(TAG1=TAG)) ;
58.. SET RAINFALL ;
59.. RID
60.. PROC SORT DATA=TEMP1 ;
61.. BY DATETIME ;
62.. MACRO DEBUG 0 %
63.. CGROUP34
64.. MACRO DATATYPE 4%
65.. MACRO PC 00050 %
66.. XDTIME
67..254031080191103 770601 00 00 780617 00 00 EVAPORATION
68.. DATA EVAP ;
69.. SET TEMP DVFILE.DVMASTER ;
70.. BY STATION PARMCODE DATETIME ;

71.. DATA TEMPI (RENAME=(TAG1=TAG)) ;
72.. SET EVAP ;

73.. RID
74.. PROC SORT DATA=TEMP1 ;
75.. BY DATETIME ;
76.. CGROUP34
77..DATA _NULL_ ; 
78..INFILE CARDX ; 
79..INPUT LINE $80. ;
80..PUT _INFILE_ ;
81../*

Figure 5.321.1. SAS and JCL commands for executing RRCARD Continued
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Card 14-31.. Pertain to unit rainfall
14.. Defines the macro PC, the parameter code of the

data to be selected; in this example, rainfall data
15.. Calls the macro XDTIME which reads the Storm 

input cards
16-18.. Storm input cards define the data sequences to 

be selected from UVMASTER, (see Section 5.41 
and figure 5.41.2). For additional rain gage 
data, add on by ascending station number

19.. SAS comment card, indicates end of data
20-23.. Merges the TEMP data set created by XDTIME with 

UVMASTER to create data set RAINFALL
24-26.. Calls the macro RID which deletes all the unit 

value observations except those selected. The 
data set TEMPI contains the selected observations.

27.. Defines the macro INTERVAL, the data interval
28.. Defines the macro DATATYPE, the data type code 

put in column 80 of the card images created by 
CGROUP12; in this case, 1 for card group 8

29.. Defines the macro OPT; if OPT=1 then a card with a
9 in column 80 is punched after this group of cards. 
If OPT=0, CGROUP12 does not punch a nine card.

30.. Defines the macro XPUTFILE, which specifies the
DD name of the JCL card which describes the output 
data set and specifies a disposition of OLD so 
that this output will write over any previous 
RRCARD output

31.. Calls the macro CGROUP12, which takes the unit
rainfall data selected by cards 14-26 and creates 
card group 8 cards (a 1 in column 80)

32-49.. These cards parallel cards 14-31; these cards
request unit discharge data (parameter code 60 
specified on card 32) and request that card group 9 
cards (a 2 in column 80) be created. Note that 
DATATYPE 2 is specified on card 47. Also macro 
OPT is 1 in order that a nine card is punched 
after card group 9.

50-63.. Pertain to daily rainfall
50.. Defines macro DATATYPE, specifies data type 3 

to be put in column 80 of the card
51.. Defines macro PC, which requests data with 

parameter code 45 or rainfall data
52.. Calls the macro XDTIME to read the following 

storm interval cards
53.. Storm interval input card. In this particular

case, daily data is to be requested so the hour 
and minute inputs are entered as zero. The 
end date is incremented by one day from (780616 
to 780617) so that all data will be retrieved 
from the DVMASTER data set including 780616.

54-59.. Merges the date observations into the DVMASTER
data set and then calls the macro RID to select 
only the requested data for the input cards to 
be created.
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Card 60-61.. Sorts the data by time so that CGROUP34 receives
the data in proper order

62.. Defines the macro DEBUG. If DEBUG=1 then output 
useful in debugging the macro CGROUP34 will be 
printed. If DEBUG=0 it will not.

63.. Calls the macro CGROUP34 to create the daily
rainfall cards (card group 10) 

64-76.. These cards parallel cards 50-63 except daily
evaporation cards (card group 11) are created 

77-80.. A complete listing of the cards created by this
run are listed on the output 

81-82.. End of step and job

The following pages illustrate an example execution of RRCARD.
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5.322 RRCOMB

The FORTRAN program RRCOMB combines the user-created DR3M input 
cards with the input cards created by RRCARD. RRCOMB requires the 
following data sets:

FT15F001 User-created input cards or data set
containing card groups 1-7 and 12-23

FT16F001 Final data set created by RRCOMB
FT17F001 Data set created by RRCARD containing card

groups 8, 9, 10, and 11
FT06F001 Output to printer

Data set 15 must first contain card groups 1-7. Before the group 7 cards, 
include a 'GAGE' card which specifies the number of rainfall gages which 
will be included in this run. There must be one group 7 card included for 
each gage. A separator card which has four '+' characters in columns 1-4 
(fig. 5.322.1, card 13) follows card groups 1-7 and finally, card groups 
12-23 as they are to appear as input to the model are included. RRCOMB 
simply inserts the 8-11 cards between the 1-7 cards and marks the storm 
days on the daily rainfall cards from information it saves from the unit 
rainfall cards.

RRCOMB is a load module stored in the partitioned data set 
AG4254J.URBAN.SOURCE as member RRCOMB. The following is a card 
by card description of the example run deck in figure 5.322.1.

Card 1.. Job card
2.. Job library card specifying where the program 

RRCOMB is to be found
3.. Execute program RRCOMB
4.. Output to the printer
5.. Unit 15 is user-created cards (or data set)

for card groups 1-7 and 12-23 
6-12.. Card goups 1-7. Card 11 indicates that input for one

gage will be processed. 
13.. Separator card must be four '+' characters in

columns 1-4 
14-88.. Card groups 12-23
89.. JCL delimiter card
90.. Unit 16 specifies the JCL for the output data set
91.. Unit 17 specifies the data set created by RRCARD

in a previous job 
92-93.. End of step and job

The pages following figure 5.322.1 illustrate an example 
execution of RRCOMB.
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COL . 1 COL . 1 2 
0  

1..// JOB 
2..//JOBLIB DD DSN=AG4254J. URBAN. LMOD / DISP=SHR 
3..// EXEC PGM=RRCOMB 
4. .//FT06F001 DD SYSOUT=A 
5. .//FT15F001 DD * 
6.. 1000 
7.. 25403 108 MULTI-FAMILY RESIDENTIAL SITE   MIAMI, FLORIDA 
8.. 25403 108 MULTI-FAMILY RESIDENTIAL SITE DAILY RAINFALL 
9.. 25403108 MULTI-FAMILY RESIDENTIAL SITE DAILY EVAPORATION 
10.. 77 06 01 78 06 16 
11..GAGE1 
12.. 25403108 MULTI-FAMILY RESIDENTIAL SITE UNIT RAINFALL 
13.. ++++ 
14.. 700 0.0 
1 5 . . 1 . 0 .5 3.0 
16. .1.2 0.05 1.25 
17. .10.0 5.0 20.0 
18. .5.0 2.0 6.0 
19. ..7 .5 1.0 
20. ..95 .7 .97 
21 ..1 .0 .85 1.15 
22..
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

57 1.0 1.92
.L1
,L2
.L3
.L4
.L5
.L6
.L7
,L8
.L9
.L10
.L11
.L12
.L13
.L14
.L15
.L16
.L17
.L18
.L19
.L20
.L21
.L22
.L23
.L24
L25
.L26
.L27
.L28
.L29
.L30

1 0.02 1
51010
510 5
51010
510 4
51010
510 6
510 6
5 J 0 1 0
510 8
51010
51010
51010
51010
51010
51010
510 6
51010
510 5
51010
510 R
51010
510 5
51010
510 7
51010
51010
51010
51010
51010
510 7

200.
60.

300.
50.

450.
75.
75.

450.
50.

200.
300.
612.
200.
300.
80.
35.

150.
55.

150.
60.

190.
30.

100.
50.

340.
260.
270.
270.
100.
50.

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.20

.025

.20

.025

.20

.025

.025

.20

.025

.025

.2

.2

.025

.2

.025

.025

.2

.025

.025

.025

.025

.025

.2

.025

.2

.025

.025

.2

.2

.025

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

1

1

1
1

1
1

1

1
1

1

1
1

1

1
1

1

.023 

1.0

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1 .0
1.0
1.0

Figure 5.322.1. JCL for executing RRCOMB,
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54. .P1
55.. P2 P1
56.. P4
57 . . P5 P4
58.. P7
59 . . P8 P7
60.. P9
61..P11
62..P13
63..P15
64..P19
65..P20 P19
66..P22
67..P25
68. .P10 P11
69..P14 P15
70..P21 P22
71..P24 P25
72.. J2 P8 P9
73..P12 P13 P14
74..P23 P24
75..P18 P20 P21
76..P17 P18
77..P16 P17
78.. P6 J2 P16
79 . . P3 P5 P6
80.. J1 P2 P3
81 .. 3 1 1 1
82. .10661391
83.. 697 920
84.. 9341000
85.. 1 1 1
86.. 0 0 0
87.. 1 1 1
88.. 0 0 0
89.. /*
90..//FT16F001
91..//FT17F001
92.. /*

L1

L3

L5

L6 L7
L8
L14 L15 L16
L12
L29

L23
L26 L27

L13

L25 L28
P10

L24 L30
P23 L19 L20 L21 L22

L9 L10 L11
L17 L18
L4

P12 L2

210 1 162. .005 .012 4.00
210 1 90. .005 .012 4.00
210 1 65. .0016 .012 3.00
210 1 58. .0016 .012 3.00
210 3 82. .0024 .028 1.75
210 2 82. .0024 .028 1.75
21010 450. .0024 .028 2.50
210 3 65. .0024 .028 2.50
21010 200. .0004 .028 1.50
210 5 75. .0008 .028 1.50
210 2 135. .0038 .028 2.00
210 1 52. .0038 .028 2.00
210 2 91 ..0038 .028 2.00
210 3 100. .0015 .028 2.00
210 1 81. .0024 .028 2.50
210 4 60. .0008 .028 1.50
210 1 53. .0038 .028 2.00
210 3 100. .0015 .028 2.00
705 .0024 .028 2.00
210 1 32. .030 .028 1.50
210 1 100. .0038 .028 2.00
2 0 1 150. .0238 .028 2.25
210 1 100. .0072 .028 2.50
210 1 100. .029 .028 3.00
210 3 300. .0016 .012 3.00
210 1 200. .005 .012 4.00
7 1 5 .005 .028 2.00

STORM 17 8/ 8/77
STORM 48 5/18/78
STORM 52 6/12/78

DD DSN=AG4yyyz . STATEXX .FINAL. DATA, DISP=SHR
DD DSN= AG4yyyz . STATEXX . DATA, DISP=SHR

Figure 5.322.1. JCL for executing RRCOM8 Continued-
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5.33 Urban Runoff-Quality Model DIVjM-QUAL

An urban water-quality transport model DR3M-QUAL that uses runoff 
generated by DR3M as the transport mechanism for the water-quality 
constituents has been developed. This model is completely documented 
in Alley and Smith (1982b) f

Daily rainfall and water-quality data from the User Pile are 
required model input data. The model has the capability of generating 
lumped runoff loads at the outlet and if this option is selected then 
unit discharge data is used as the transport mechanism. Lumped as 
used in this context means a distribution with respect to time but 
not spatially.

In section 5.31 reference was made to a several-step run 
whereby in step 1, data was retrieved and transformed into required 
model format, in step 2, the data were combined with other required 
input model data/ and in step 3, DR3M is executed. The same procedure 
occurs with the water-quality model with the exception being that in 
step 3 DR3M-QUAL is executed. Section 5.34 describes the programs 
(QWCARD and QWCOMB) used in steps 1 and 2 when preparing data for 
a DR3M-QUAL run.
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5.34 Runoff-Quality Model DR3M-QUAL Interface Program

The DR3M-QUAL Interface program is two programs which retrieve 
data from the data management system and create the formatted 
cards for DR3M-QUAL. The set of SAS macros, QWCARD, retrieves 
data from UVMASTER, DVMASTER, and QWMASTER to create card groups 
11-17. The FORTRAN program, QWCOMB, combines the QWCARD created 
cards with the user supplied card groups 1-10 and 18-29 to create 
a run ready deck for DR3M-QUAL. The following is a brief description 
of QWCARD and QWCOMB and sample run decks.

5.341 QWCARD

The program QWCARD is a set of SAS macros which retrieves data 
from UVMASTER, DVMASTER, and QWMASTER and creates the unit-discharge 
cards (card group 11) and daily-rainfall cards (card group 12). 
QWCARD uses the macros CGROUP12 and CGROUP34 which are also used 
by RRCARD and are briefly discussed in that section. In addition 
QWCARD creates the following cards:

Card Group Description

13 Storm sequencing card
14 Storm-identification
15 Constituent identification
16 Constituent data
17 Sampling times

The user supplies the information to QWCARD for creating card groups
13-17 by including two cards per storm as input to the macro KSKEIN
(figure 5.341.1, cards 53-58). A description of the free field
format cards is given in figure 5.341.2. Since the cards are free
field format, a wetfall value and alphanumeric identification must
be supplied for each of the four constituents even if less than
four are to be examined. The wetfalls can be zero and the identifications
'xxxxxx 1 on the card. Also, since blanks are the field delimiters,
do not use blanks in the alphanumeric constituent labels. Instead
use an underscore. For example, for total nitrogen one could use
T_NIT. The card images created by QWCARD are stored in the data
set specified by the data definition card named CARDX (figure 5.341.1,
card 9). Also macros PCODE1-PCODE4 must be defined with the parameter
codes (figure 5.341.1, cards 61-64).

After running QWCARD, the program QWCOMB is run to create the final 
DR3M-QUAL data set.
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COL.1 COL.12
   

Card 1..// JOB
2..// EXEC SAS,TIME=3
3..//QWFILE DD DSN=AG4yyyz.STATEXX.URBAN.QW.VALUES,
4..// DISP=SHR
5..//DVFILE DD DSN=AG4yyyz.STATEXX.URBAN.DAILY.VALUES,
6..// DISP=SHR
7..//UVFILE DD DSN=AG4yyyz.STATEXX.URBAN.UNIT.VALUES,
8..// DISP=SHR
9..//CARDX DD DSN=AG4yyyz.QUAL.MDATA,
10..// DISP=OLD
11..//QUALX DD DSN=AG4yyyz.STORM.DATES,
12..// DISP=OLD
13..//SYSIN DD DSN=AG4254J.URBAN.SOURCE(QWCARD),DISP=SHR
14..// DD *
15..* ;
16..* ;
17..* ;
18.. MACRO PTIME 1 %
19.. MACRO XPUTFILE CARDX OLD %
20.. MACRO PC 00060 %
21.. MACRO OPT 1 %
22.. XDTIME
23..254031080191100 770808 17 45 770808 23 01 STORM 17 
24..254031080191100 780518 11 30 780518 15 21 STORM 48 
25..254031080191100 780612 15 33 780612 16 41 STORM 52
26..* ;
27.. DATA DISCH ;
2R.. SET TEMP UVFILE.UVMASTER ;
29.. BY STATION PARMCODE DATETIME ;
30..* ;
31.. DATA TEMPI (RENAME=(TAG1=TAG)) ;
32.. SET DISCH ;
33.. RID
34.. MACRO INTERVAL 1 %
35.. MACRO DATATYPE 2 %
36.. CGROUP12
37.. MACRO XPUTFILE CARDX MOD %
38.. MACRO DATATYPE 3%
39.. MACRO PC 00045 %
40.. XDTIME
41..254031080191103 770601 00 00 780617 00 00 RAINFALL
42.. DATA RAINFALL ;
43.. SET TEMP DVFILE.DVMASTER ;
44.. BY STATION PARMCODE DATETIME ;
45.. DATA TEMPI (RENAME=(TAG1=TAG)) ;
46.. SET RAINFALL ;
47.. RID

Figure 5.341.1 SAS and JCL commands for executing QWCARD,
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48.. PROC SORT DATA=TEMP1 ;
49.. BY DATETIME ;
50.. MACRO DEBUG 0 %
51.. CGROUP34
52.. KSKEIN
53..254031080191100 77 08 08 1066 1391 03 0 0 0 0
54..S_SLDS NIT LEAD XX

55..254031080191100 78 05 18 0697 0920 03 0 0 0 0
56..S_SLDS NIT LEAD XX
57..254031080191100 78 06 12 0934 1000 03 0 0 0 0
58..S_SLDS NIT LEAD XX
59..* ;
60.. QUALRID
61.. MACRO PCODE1 P70299 %
62.. MACRO PCODE2 P00600 %
63.. MACRO PCODE3 P01051 %
64.. MACRO PCODE4 POOOOO %
65.. XQWCARD
66..DATA _NULL_ ; 
67..INFILE CARDX ; 
68..INPUT LINE $80. ;
69..PUT _INFILE_ ;

70../*
71..//

Figure 5.341.1. SAS and JCL commands for executing QWCARD Continued
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Card Field Format Description

1 1 $15. Station identification
2 2. Storm start year
3 2. Storm start month
4 2. Storm start day
5 4. Starting time increment for

storm - KS
6 4. Ending time increment for

storm - KE
7 2. Number of constituents 

8-11 5.2 Wetfall values for each
constituent

2 1-4 $6. Alphanumeric identification
for each constituent

Figure 5.341.2. Macro KSKEIN input data card description,
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The run deck consists of job control language (JCL), SAS 
statements and input data cards. The following is a card by card 
description of a sample run deck (figure 5.341.1). For further 
discussion of the JCL see the CCD User's Guide.

Card 1.. Job card
2.. Execute a SAS program for a maximum of three

minutes 
3-4.. Data definition card specifying water-quality

data set for state XX
5-6.. Specifies the daily values data set for state XX 
7-8.. Specifies the unit values data set for state XX 
9-10.. Data definition card for the data set where the

card images will be stored 
11-12.. Data definition card for the data set created by

QWCARD which contains storm dates
13.. Data definition card specifying macro source 

data set and member QWCARD
14.. Indicates rest of SAS input follows in card deck 
15-17.. Optional SAS comment cards to divide the deck
18.. Time interval for unit data (in minutes)
19.. Defines macro XPUTFILE, which is the dd name of 

the data set where the card images are to be 
stored. Specify OLD so that cards from previous 
runs are not saved.

20.. Defines the macro PC, which is the parameter
code of the data you want selected; in this case, 
60 for discharge data

21.. Defines the macro OPT; when OPT=1, the program 
(CGROUP12) writes a card with a nine in column 
80 after the unit discharge cards. When OPT=0 
it does not.

22.. Calls the macro XDTIME to read the storm interval 
cards

23-25.. Storm interval cards (see section 5.41 and 
figure 5.41.2)

26.. SAS statement
27-36.. SAS statements to retrieve the requested data 

and produce the formatted card group 11 cards
37.. Defines the macro XPUTFILE, which is the dd

name of the data set the group 12 cards will be 
stored in. Disposition is MOD so that these 
cards are added to the 11 cards.

38-51.. These cards cause the daily rainfall data to be 
selected and card group 12 cards created (see 
RRCARD Run Deck Description in section 5.321, 
cards 50-63 for a description of these cards)

52.. Calls the macro KSKEIN which reads the following 
input cards describing the requested water- 
quality data

53-58.. KSKEIN input data cards described in QWCARD 
program description and figure 5.341.2
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Card 59.. SAS statement specifies end of data
60.. The QUALRID macro adds a storm start and end 

time to each observation created by QWCARD. 
It also writes all storm dates to data set 
specified by dd name QUALX in JCL. The QUALX 
data set is used by the QWCOMB program to mark 
storm days on daily rainfall cards. QUALRID 
also lists the QUALX data set. It converts the 
character TIME value in the water-quality data 
set (QWMASTER) produced by QWSAS to numeric. 
QUALRID also merges the storm dates and times 
into the modified QWMASTER data set and selects 
only the requested data.

61-64.. Define the macros PCODE1 to PCODE4; these are the
parameter codes of the constituents to be examined 
by DR3M-QUAL. Four cards must be supplied. In this 
example, three constituents are to be examined; 
therefore, PCODE4 is specified as POOOOO.

65.. Calls macro XQWCARD to create card groups 11-17 
from the requested data

66-69.. Optional SAS statements to request a listing of 
the cards just created by XQWCARD

70-71.. End of step and job

The following pages present an example execution of QWCARD.
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5.342 QWCOMB

The FORTRAN program QWCOMB combines the QWCARD created cards 
with the user supplied cards for card groups 1-10 and 18-29. 
QWCARD uses the following data sets:

Unit Description

FT15F001 User supplied data cards 
FT16F001 Final DR3M-QUAL data set 
FT17F001 QWCARD created data set with

card groups 11-17 
FT18F001 QWCARD created data set

containing storm dates

The first card in the user supplied data cards must be 'O.UAL 1 in 
columns 1-4 of the card (figure 5.342.1, card 6). This signals 
to QWCOMB that this data deck will be for DR3M-QUAL. Also, a 
card must be included to separate the 1-10 cards and 18-29 cards 
in the user supplied cards. This card is four '+' characters in 
columns 1-4 (figure 5.342.1, card 14).

QWCOMB first copies card groups 1-10 and the unit-discharge 
cards. Next, the program marks the storm days on the daily-rainfall 
cards using the information in unit 18 and copies these cards into 
the final data set. Lastly, the card groups 18-29 are copied.

The run deck consists of job control language (JCL) and input 
data cards. The program QWCOMB is stored as a load module in the 
partitioned data set AG4254J.URBAN.SOURCE. The following is a card 
by card description of the example run deck in figure 5.342.1.

Card 1.. Job card
2.. Job library card specifying where QWCOMB is

to be found 
3 . . Execute program QWCOMB
4.. Output to the printer
5.. Unit 15 is user-created cards (or data set) 

for card groups 1-10 and 18-29
6.. Card specifies this will be a DR3 M-QUAL data

set. 'QUAL 1 in columns 1-4. 
7-13.. Card groups 1-10 
14.. Separator card. Four '+' characters in columns

1-4.

15-51.. Card groups 18-29 
52.. End of data card 
53-54.. Specifies JCL for final data set created by

QWCOMB 
55-56.. Input data set created by QWCARD with card

groups 11-17
57.. Input data set created by QWCARD with storm dates
58.. End of job.

The pages following figure 5.342.1 illustrate an example 
execution of program QWCOMB.
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COL.1 COL. 12

Card 1..// JOB 
2..//JOBLIB DD DSN=AG4254J. URBAN. LMOD, DISP=SHR
3..// EXEC PGM=QWCOMB
4. .//FT06F001 DD SYSOUT=A
5..//FT15F001 DD *
6. .QUAL
7.. 3 3 1500
8..SJSLDSNIT LEAD
9.. T 1 2
10.. 111 11 144 MULTI-FAMILY RESIDENTIAL SITE, DADE COUNTY, FL.
11.. 44444444
12.. 77
13.. 1.0 1
14. .++++
15.. 0 1
16..
17.. 0
18.. 6.5 0.0
19.. 1M. FAMILY
20.. 28
21.. CATA
22.. GATE
23..CATC
24..CATD
25. .GATE
26..CATF
27..CATG
28 . . CATH
29..CATI
30..CATJ
31 . .CATK
32..CATL
33. .CATM
34..P13A CATM
35..P12AP13A CATL
36..P11AP12A CATK
37..P011P11A
38..P010 CATACATB
39..P009P010 CATC
40..P008P009
41..P007P008 CATD
42..P06A GATE
43..P006P06AP007
44..P005P006P011 CATJ
45..P004 CATF
46.. POO 3 CATGCATH
47..P002P003pn04
48..P001P005P002 CATI
49.. M. FAMILYS_SLDS 130.
50.. M. FAMILYLEAD 1.000
51.. M. FAMILYNIT .500
52.. /*
53..//FT16F001 DD DSN=AG4yyyz
54.. // DISP=OLD
55..//FT17F001 DD DSN=AG4yyyz
56.. // DISP=OLD
57..//FT18F001 DD DSN=AG4yyyz
58.. //

41 78 6 15

2 369 1.0 .455
2 369. 1.0 .455
2 266. 1.0 .510
2 583. 1.0 .486
2 191. 1.0 .319
2 513. 1.0 .371
2 146. 1.0 .310
2 586. 1.0 .402
2 229. 1.0 .359
2 153. 1.0 .471
2 508. 1.0 .357
2 253. 1.0 .595
2 313. 1.0 .411
1 1501.50 1.0
1 250 1.621.0
1 90 1.741.0
1 1651.74 1.0
1 210. 1.501.0
1 165229 1.0
1 406.03 1.0
1 903.68 1.0
1 901.24 1.0
1 401.96 1.0
1 2404.58 1.0
1 1051.24 1.0
1 1051.24 1.0
1 1 324.79 1.0
1 2208.78 1.0

.2000 4.200 1.0 .002

.1000 2.400 1.0 .002

.2301 2.20 1.0 .002

. QUAL. DATA. FINAL,

.QUAL.MDATA,

. STORM. DATES , DISP=OLD

.023

M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY
M. FAMILY

Figure 5.342.1. SAS and JCL commands for executing QWCOMB,
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5.4 Other User Programs

This section describes several user programs that have been developed 
to assist users in retrieving and analyzing data from the USGS/USEPA 
Urban Hydrology Studies Program data base. Program updates and additional 
new programs will be included in subsequent updates of the manual.

5.41 Rainfall-Runoff Summary Utility Listing Program

The Rainfall-Runoff Summary Utility listing program (RRLIST) is a 
set of SAS macros which produces a listing of selected unit rainfall 
and discharge data from the UVMASTER data set. Data are from certain 
time periods (i.e., storms) and is listed in any length intervals 
(1 min, 5 min, etc.) selected by the user. RRLIST assumes that the 
requested data are already in UVMASTER.

The RRLIST macro source code is stored in the partitioned data 
set AG4254J.URBAN.SOURCE which resides on the urban disk (VOL=SER=CCD810). 
The input to SAS is specified by the SYSIN data definition card illustrated 
in the program JCL listed on the following page (figure 5.41.1). First, 
the macro source library is specified (cards 5-6). This causes the 
RRLIST macro definitions from the library to be included in this program 
run. Next, card 7 indicates that SAS input cards follow in the deck. 
Once a macro has been defined, anytime that macro name occurs in the 
following SAS code that macro code is inserted and executed. For example, 
Card 12 causes the code for the macro XDTIME to be included at this 
point during the execution of the deck. Macros may also be defined 
anytime during a SAS run. Several macros are defined in the run deck 
(cards 8-11, 18) which allows flexibility of the code. In the specific 
case of card 8

MACRO NUMDA 14.7 %

the macro NUMDA is being defined. Anything that appears after the 
macro name, NUMDA, and before the '%' is the macro. Wherever the name 
NUMDA is found in the program code, the number 14.7 will be substituted. 
In this manner the drainage area is a variable value and can be modified 
for different runs of RRLIST. One needs only to include this card with 
the appropriate drainage area in the run deck. A description of the 
various macros follows.

Macro XDTIME

This macro reads input data cards describing time intervals from 
which data are to be included in the run. The input card format is free 
format. Each field is separated from another by at least one blank and 
does not have to start in any specific column except that STATION begins 
in column 1. A complete description of the card is listed in figure 5.41.2,
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COL.1 COL. 12

Card 1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20. 
21 .
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

.// JOB

.// EXEC SAS,TIME=3

.//UVFILE DD DSN=AG4yyyz. STATEXX. URBAN. UNIT. VALUES,

.// DISP=SHR

.//SYSIN DD DSN= AG4254J. URBAN. SOURCE ( RRLIST ),

.// DISP=SHR

.// DD *
MACRO NUMDA 14.7 %
MACRO INTERVAL 5 %
MACRO DINTERV 1 %
MACRO PC 00045 %
XDTIME

.254031080191103 770511 04 40 770511 06 59 RAINFALL 

.254031080191103 770715 06 30 770715 09 41 RAINFALL

.* ;
XRAINF 
RID
MACRO PC 00060 % 
XDTIME 

.254031080191100 770511 04 40 770511

.254031080191100 770715 06 30 770715
06
09

59
41

DISCHARGE 
DISCHARGE

XDISCH
RID
DATA TEMP3 ;
MERGE RAINFALL (RENAME=(VALUE-RAIN1 STATION=STATION1))
DISCH (RENAME=(VALUE=DISCHARG STATION=STATIOND)) ;
BY TAG DATETIME ;
MACRO WEIGHT1 1.0%
MACRO WEIGHT2 0.0%
MACRO WEIGHT3 0.0%
XRRLIST

./

Figure 5.41.1. SAS and JCL commands for executing RRLIST.

200



Variable name Description Data type Format

STATION Station ID under Char. $CHAR15.
which data is
stored in UVMASTER 

SDATE ' Start date of the Num. YYMMDD6
interval - where YY
is year/ MM is month,
DD is day 

SHOUR Start hour of Num. 2.
interval - 24-hour
time 

SMIN Start minute of Num. 2.
the interval 

EDATE End date of Num. YYMMDD6,
interval - where
YY is year, MM is
month, DD is day 

EHOUR End hour of Num. 2.
interval in 24-hour
time 

EMIN End minute of Num. 2.
interval + 1 

.......................Rest of card can contain comments

Figure 5.41.2. Storm interval card format for input to XDTIME.
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For each input card, macro XDTIME creates two observations in 
a data set called TEMP. Each observation has the following variables:

NAME DESCRIPTION

STATION Station identification
TAG Temporary storm number
PARMCODE Parameter code
DATETIME Beginning or end datetime
EDATIME Ending datetime

In the first observation, the variable DATETIME is equal to the start 
date and time of the interval; in the second observation, DATETIME is 
the end date and time of the interval. Both observations are 
assigned the same STATION, TAG, and PARMCODE values.

In this particular example, cards 13-14 (fig. 5.41.1), data 
with station ID 254031080191103 are being requested from May 11, 1977, 
4:40 to May 11, 1977, 6:58; and from July 15, 1977 at 6:30 to 
July 15, 1977 at 9:40. An extra minute must be added to the end time 
to ensure that the last observation requested in the interval is 
included in the final data. A similar request is made in data cards 20-21, 
In this example rainfall and discharge data are stored under two different 
station identifications. When using an eight digit station ID be sure to 
code the ID in columns 8-15.

Macro XRAINF

Macro XRAINF interleaves the observations from data set TEMP 
created by XDTIME and the data set UVMASTER. The new data set is 
called RAINFALL. The observations are merged in order of STATION, 
DATETIME, and PARMCODE. As a result we have observations from TEMP 
bracketing certain sequences of observations from UVMASTER as shown in 
figure 5.41.3. In addition to interleaving the data sets, XRAINF adds 
the variables START and ENDTIME to each observation from UVMASTER so 
that the start and endtime of the interval (STORM) in which data belongs 
is available for later use. Each observation in the RAINFALL data set 
has the following variables:

STATION Station identification
TAG Storm tag
PARMCODE Parameter code
START Start time
ENDTIME End time
VALUE Parameter value

and others since SAS will store all variable values used unless they 
are specifically dropped.
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To be 
kept

To be 
kept

OBS1
2
3
4
5
6
7
8
9
10
11
12
13

OBS from UVMASTER 
STARTTIME from TEMP 
Obs. from UVMASTER 
Obs. from UVMASTER 
ENDTIME from TEMP 
Obs. from UVMASTER 
Obs. from UVMASTER 
STARTTIME from TEMP 
Obs. from UVMASTER 
Obs. from UVMASTER 
ENDTIME from TEMP 
Obs. from UVMASTER 
Obs. from UVMASTER

To be deleted

To be deleted

To be deleted

Figure 5.41.3. Data set created from macro XRAINF.
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Macro XDISCH

Macro XDISCH performs the same function as macro XRAINF except 
for the discharge data. The resultant data set is called DISCH, and 
has the same variables as RAINFALL.

Macro RID

Macro RID takes the data sets produced by XRAINF and XDISCH and 
deletes the data which is not in the requested intervals. The resulting 
RAINFALL and DISCH data sets contain only the rainfall and discharge 
data necessary for the Rainfall-Runoff listing.

Macro XRRLIST

Macro XRRLIST produces the Rainfall-Runoff output listing. The 
table heading information includes the station identification for the 
discharge data and each rain gage, the time span over which data was 
requested, the basic data interval, and the print interval. XRRLIST 
lists the following information for each observation in the body of the 
listing:

1) The time of the observation
2) Discharge value
3) Accumulated runoff
4) Rainfall for each gage
5) Accumulated rainfall for each gage.

At the end of the listing XRRLIST prints the total runoff for that 
storm and the percent runoff for each rain gage. The user can request 
a listing interval which differs from the data interval by modifying 
card 9 (fig. 5.41.1) which is a macro definition specifying INTERVAL, 
the print interval in minutes. In this case the listed discharge is 
the instantaneous discharge at the listed time; the value for rainfall 
is the accumulated rainfall over that interval.

In addition, RRLIST lists the maximum rainfall rate for up to three 
intervals. For 1 and 5 minute data RRLIST lists the 5-minute, 15-minute, 
and hourly maximums. For intervals of 10 minutes or longer the maximum 
rainfall for that interval is listed, and 1 hourly maximum is listed if 
60 minutes is evenly divisible by the interval. The maximum rates are 
determined using a weighted rainfall value.

W_RAIN = WEIGHT1*RAIN1 + 
WEIGHT2*RAIN2 + 
WEIGHT3*RAIN3 ;

where WEIGHT1, WEIGHT2 and WEIGHTS are weighting values entered via 
macros (fig. 5.41.1, cards 29-31). The weights will default to 1, 0, 
and 0 for WEIGHT1, WEIGHT2, and WEIGHT3, respectively, if the default 
macros are not overridden.
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Up to three rain gages may be handled on one listing. If fewer 
than three gages are requested, the rainfall values for the unused 
gages will appear as missing values in the table.

The run deck consists of job control language (JCL), SAS 
statements and input data cards. The following is a card by card 
description of a sample run deck (fig. 5.41.1). For further 
discussion of the JCL see the CCD User's Guide.

The JCL must be entered in certain card columns as shown in 
figure 5.41.1. The SAS statements may be entered in any columns 
on the cards with spaces separating the values except where noted. 
For a more complete description of the storm data cards see the 
discussion on XOTIME MACRO and figure 5.41.2.

Card 1.. Job card.
2.. Execute a SAS program using a maximum of 3 minutes time.
3-4.. JCL specifying the name of the OS data set which contains 

the SAS data set UVMASTER for STATE XX.
5-7.. Input to SAS will come from the partitioned data set

URBAN.SOURCE. Member RRLIST is to be included in the 
source. The cards following the '*' are to be 
concatenated to the statements from member RRLIST 
and executed.

8.. Defines the macro NUMDA, the numerical value of the 
drainage area in acres to be used in calculations.

9.. Defines the macro INTERVAL/ the time interval to 
be used in the listing.

10.. Defines the macro DINTERV, the data interval.
11.. Defines the macro PC, the parmcode of the rainfall data.
12.. Calls the macro XDTIME which reads the following

input storm data cards which will be used to select 
rainfall data.

13-14.. Input storm cards; see fig. 5.41.2 for complete 
description.

15.. SAS comment statement needed to indicate end of data.
16.. Calls the macro XRAINF which interleaves the storm 

datetime information into the UVMASTER data set.
17.. Calls the RID macro which deletes all observations

which do not fall into the time periods specified on 
the storm cards.

18.. Defines the macro PC/ the parmcode of the discharge data.
19.. Calls the macro XDTIME which reads the input storm 

cards which will be used to select discharge data.
20-21.. Input storm cards; see fig. 5.41.2 for complete 

description.
22.. SAS comment statement needed to indicate end of data.
23.. Calls macro XDISCH which interleaves the storm datetime 

information into the UVMASTER data set.
24.. Calls the RID macro which deletes all observations 

which do not fall into the selected time periods.
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Card 25-28.. Merges the selected discharge and rainfall data into
one data set. 

29-31.. Macros which assign weights to the 3 gages.
Weights should add up to 1.0. 

32.. Calls the macro XRRLIST which will produce the
Rainfall-Runoff listing. 

33-34.. End of step and job

Figure 5.41.4 documents variables used in the RRLIST program, 
The following pages illustrate a complete example run. Also, 
Appendix B contains a description of some common errors which may 
be encountered when running RRLIST and some possible solutions.
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Variable Definition

DA Drainage area
RAIN1-RAIN3 Rainfall value
DISCHARG Discharge value
ACCRAIN1-ACCRAIN3 Accumulated rainfall for entire
RINTACC1-RINTACC3 Accumulated rainfall for the print

	interval
ACCDIS Accumulated discharge
DATAINT Data time interval in minutes
INTER Print interval in minutes
ACHRUN Accumulated runoff
RUNPER1-RUNPER3 Percent runoff

Figure 5.41.4. Variable list for program RRLIST,

207



/
/
A
G
4
2
b
4
J
8
 
J
O
B
 
(
$
$
$
$
$
*
$
$
$
,
 J
0
0
1
 t
$»
9)
 ,

 »
L
O
R
E
N
S
'
 »

 C
L
A
5
S
=
B
 t
M
S
G
L
E
V
E
L
=
 <
2,

 0
)

//
 
E
X
E
C
 
S
A
S
f
T
I
M
E
=
l

/
/
U
V
F
I
L
E
 
D
O
 
D
S
N
=
A
G
4
2
5
4
J
.
S
T
A
T
E
1
2
.
 U
R
B
A
N
.
 U
N
I
T
.
 V
A
L
U
E
S
*

J
1
4
0
7

00
 
D
S
N
=
A
G
4
2
5
4
J
.
 U
R
B
A
N
.
 S
O
U
R
C
E
 (
RR
LI
 S
T)

C
O
D
E
 
0
0
0
0
 

8
1
1
7
3
.
0
9
0
2
 

3
1
1
7
3
.
0
9
0
4
 
C
P
J

OD
 S

EQ
; 

56
3:
o

DO
 

DO
 

DO

K) 0
 

00

//
 

Dl
S»

 
// I
E
F
1
4
2
I

I
E
F
3
7
3
I

I
E
F
3
7
4
1

C
C
D
0
0
6
I

C
C
D
O
O
M

C
C
D
0
0
6
1

C
C
D
0
0
6
I

CC
DO
Of
cl

C
C
D
0
0
6
I

C
C
D
O
O
l
l

I
E
F
3
7
5
1

I
E
F
3
7
6
I

C
C
D
0
0
7
A

C
C
D
0
0
2
I

C
C
0
0
0
3
I

J
 v
 ̂
?
 L
J
^
 

^
 ̂
 ̂
 T
O

00
 
»

- 
S
T
E
P
 
*
A
S
 
E
X
E
C
U
T
E
D
 
-

S
T
E
P

S
T
E
P

S
T
E
P

S
T
E
P

S
T
E
P

S
T
E
P

S
T
E
P

S
T
E
P

S
T
E
P

J
O
B

J
O
B

J
O
B

J
O
B

J
O
B

/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
S
A
S
 

/
/
A
G
4
2
5
4
J
8
/

/
A
G
4
2
5
4
J
8
/

/
A
G
4
2
5
4
J
8
/

/
A
G
4
2
5
4
J
8
/

/
A
G
4
2
5
4
J
B
/

S
T
A
R
T

S
T
O
P

I
/
O
 
IN

I
/
O
 
IN

I
/
O
 
IN

I
/
O
 
IN

I
/
O
 
IN

I
/
O
 
IN

M
E
M
O
R
Y

S
T
A
R
T

S
T
O
P
 

1
B
A
S
I
C
 

1

T
O
T
A
L
 

:
US

 
GE
Ol

SE
Q;

 
SE

Q;
 

SE
Q;
 

SE
Q;

OD

3
1
4
 

4
A
O
 

5
6
3
 

1
5
5
 

7
4
4

0 14 0 0 1
5
4

4 
11

 
4
8
1
 

5
6
3
 

4
A
1
 

3
1
4
 

5
6
3
 

7
4
4

 
1
4
S
E
C
 

0 0 8 0 0 9
R
E
S
E
R
V
E
D
 

8
1
1
7
3
.
0
9
0
2
 

8
1
1
7
3
.
0
9
0
4

2
4

0
K

I 
A

C
C

E
S

S
E

S
: 

D
IS

K
 

C
P

U
 

C
H

IN
 

1
1

.1
4

S
E

C

2
4
0
K
 

3
1
4
:
0
 

1
5
5
:
7
8
7
 

4
3
0
:
0
 

4
A
2
:
0
 

5
6
3
:
0
 

5
E
O
:
2 9
7
4
/

L
C
S

T
A
P
E

F
I
X
E
D
 

C
P
U
 

1
.
2
4
 

8
.
4
7
 

C
H
A
R
G
E
 
R
E
C
O
R
D
E
D
 
= 

AL
 
S
U
R
V
E
Y
 
RE
1

D
S
K
-
I
O
 

T
P
E
-
I
O
 
K
B
Y
T
E
-
H
R
 

T
O
T
A
L
 

2
.
9
6
 

1
.
8
6
 

1
4
.
5
3
 

S
1
4
.
5
3
 

OS
 
R
E
L
 
2
1
8
 
T
l
M
t
 
= 

0
9
.
0
4
.
2
4
 
D
A
T
E
 
= 

06
/2

2/
tt

l

C
O
N
S
E
R
V
A
T
I
O
N
 
D
I
S
K
 
C
C
D
9
?
6
 
D
E
S
T
R
O
Y
E
D
.

R
E
S
T
O
R
E
D
 
F
R
O
M
 
3
A
C
*
U
P
 
O
^
^
.
'
S
B
O
M
,
 
J
U
N
E
 
6t

 
19
81
.

Q
U
E
S
T
I
O
N
S
 
S
H
O
U
L
D
 
8E
 
D
I
R
E
C
T
E
D
 
TO

 
D
O
U
G
 
S
I
M
M
O
N
S
*
 
F
T
S
-
9
2
8
-
7
5
8
4
.



1 
S
T
A
T
I
S
T
I
C
A
L
 
A
N
A
L
Y
S
I
S
 
S
Y
S
T
E
M
 

M
O
T
E
:
 
T
H
E
 
J
O
B
 
A
G
4
2
5
4
J
U
 
H
A
S
 
B
E
E
*
 
*
U
N
 
J
N
D
E
*
 
R
E
L
E
A
S
E
'
 
7
9
.
3
9
 
O
F
 
S
A
S
 
A
T
 
U
.
S
.
 
G
E
O
L
O
G
I
C
A
L
 
S
U
R
V
E
Y
.

9
:
0
2
 
M
O
N
D
A
Y
t
 
J
U
N
E
 
2
2
t
 
1
9
8
1

NJ
 

O

1 2 3 4 5 6 r 8 9 10 11 12 13 14 1
5
1
6

17 18 1
9

2
0

21 2
2

2
3
2
4
2
5
2
6

2
7
2
8

2
9

3
0

31 3
2
3
3

3
4
3
5
3
6

37 3
8
 

3
V

40 41 4
2
4
3

4
4
4
5
4
6

47 4
8 4
9

50 51 5
2 5
3

5
4
5
5

T
H
I
S
 
P
R
O
G
R
A
i
 
U
P
D
A
T
E
D
 
J
U
N
E
 
2,

 
1
9
8
1

M
A
C
A
O
 
X
D
T
I
M
E

 M
E

A
D

 
IN

 
S

T
O

R
M

 
S

T
A

R
T

 
A

N
O

 
S

T
O

P
 

T
IM

E
S

! 
D

A
T

A
 

T
E

M
P

 
I

K
E

E
P

 
S

T
A

T
IO

N
 

T
A

G
 

D
A

T
E

T
IM

E
 

P
A

R
M

C
O

U
E

 
E

D
A

T
IM

E
 

I 
IN

P
U

T
 

S
T

A
T

IO
N

 
S

C
H

A
R

1
5

. 
S

D
A

T
E

 
: 

Y
Y

M
M

J
0
6
. 

S
H

O
U

H
 

: 
2
. 

S
H

IN
 

: 
2
.

E
D

A
T

E
 

: 
Y

Y
4
M

D
0
6
. 

E
H

O
J
R

 
: 

2
. 

E
M

IN
 

: 
2
. 

I 
T

A
G

»
1
 

| 
P

A
R

M
C

O
O

E
=

P
C

 
|

D
A

T
E

T
IM

£
=

D
H

M
S

«
S

O
A

T
E

tS
-i

O
jR

»
S

M
I 
V

*0
) 

I 
E

D
A

T
lM

E
»
l>

M
M

S
<

E
l>

A
T

£
.E

H
D

U
R

.£
M

lN
.O

) 
I 

O
U

T
P

U
T

 
I

O
A

T
E

T
IM

E
* 

D
-t

M
S

(E
D

A
T

E
»
E

H
O

J
R

»
E

M
IN

*0
>

 
I 

O
U

T
P

U
T

 
1 

C
A

H
D

S
 

I

  
I   
t

M
A
C
R
O
 
R
I
D
 

T
O
 
S
E
L
E
C
T
 
T
H
E
 
O
U
S
E
4
V
A
T
I
O
V
S
 
F
O
R
 
T
H
E
 
A
P
P
R
O
P
R
I
A
T
E
 
T
I
M
E
 
I
N
T
E
R
V
A
L
S

RI
D 

TH
E 

DA
TA
SE
T 

OF
 
EX
TR
AN
EO
US
 O

BS
ER

VA
TI

ON
S 

i
D
R
O
P
 
T
A
G
 
I
N
J
 

I 
R
E
T
A
I
N
 
T
A
G
1
 
0 

I 
N
O
 
0 

I 
IF
 
T
A
G
 
N
E
 

. 
A
X
U

T
A
G
 
N
E
 
T
A
G
l
 
A
N
O
 

I
N
O
*
0
 
T
H
E
N
 
U
O
t

T
A
S
l
'
T
A
G
 

f 
I
N
3
=
1
 

; 
D
E
.
E
T
t
 

;
EN
D 

;
IF

 
I
N
O
 
=
0
 
T-
«E
* 

D
t
L
E
T
E
 

J 
IF

 
T
A
G
 
E
Q
 
T
A
G
l
 
A
N
O
 

i
N
Q
s
l
 
T
H
E
N
 
1)

0 
f 

I
N
}
=
 
0 

( 
D
E
L
E
T
E
 

! 
E
N
D
 

;
E
L
S
E
 
O
U
T
P
U
T
 

I 
N
O
W
 
T
H
E
 
D
A
T
A
 
S
E
T
 
C
O
N
T
A
I
N
S
 
O
N
L
Y
 
T
H
E
 
R
E
Q
U
I
R
E
D
 
O
B
S
E
R
V
A
T
I
O
N
S
 

I
% 

f t I
MA

CR
O 

XR
AI

NF
DA
TA
 
RA
IN
FA
LL
 

'
SE
T 

TE
MP
 U

VF
IL

E.
UV

MA
ST
ER

 
I

BY
 
ST

AT
IO

N 
OA

NM
CO

OE
 
DA
TE
TI
ME
 

»
DR

OP
 F

DA
TI
ME
 

;
RE

TA
IN

 
ST
AR
T



S
T
A
T
I
S
T
I
C
A
L
 
A
N
A
L
Y
S
I
S
 

S 
Y 

b 
T 

E
9
:
0
2
 
M
O
N
D
A
Y
*
 
J
U
N
E
 
2
2
t
 
1
9
6
1

to

5
6

5
7
5
8

5
9

6
0

61 6
2
6
3
 

6
*

6
5 6
6

6
7
 

6
«

6
9
7
0 71 7
2
7
3
 

7
*
7
5

7
6
7
7
7
8
7
9

8
0

81 8
2

8
3 84 8
5

8
6

8
7
8
8
8
9

9
0

91 9
2

9
3
9
4
9
5

9
6

9
7
 

9
«

9
9 1
0
0

1
0
1

1
0
2

10
3 

10
*

1
0
5

1
0
6

1
0
7

lo
a

1
0
9

1
1
0

11
1

1
1
2

1
1
3

S
E
T
»

IF
 

;> 
A
T
E
 T
I
M
E
 
M
E
 
E
U
A
T
I
M
E
 
A
N
D
 
E
D
A
T
I
M
E
 
ME
 

. 
T
H
E
N
 
D
O
 

I 
S
T
A
R
T
O
A
T
E
T
H
E
 

; 
E
N
D
T
I
M
E
s
t
O
A
T
I
N
E
 

I 
E
N
D
 

I
DA

TA
 

R
AI

N
FA

LL
 

<R
tN

A
M

E
=<

TA
S

1=
TA

3)
)I 

SE
T 

R
AI

N
FA

LL
 

5

MA
CR

O 
XO
IS
CH
 

DA
TA

 O
IS
CM
 

;
S
E
T
 
T
E
M
P
 
U
V
f
I
t
E
.
U
V
M
A
S
T
E
R
 

I 
B
Y
 
S
T
A
T
I
O
N
 
P
A
4
M
C
O
O
E
 
O
A
T
E
T
I
M
E
 

i 
D
A
T
A
 
D
I
S
C
H
 

<
R
E
N
A
*
E
*
<
T
A
G
1
*
T
A
3
»
 I

 
S
E
T
 
D
I
S
C
H
 

;

M
A
C
R
O
 
W
E
I
G
H
T
 1
 
1
.
0
 
* 

M
A
C
4
0
 
W
E
I
G
H
T
2
 
0
.
0
 
*
 

M
A
C
R
O
 
K
E
I
G
H
T
3
 
0
.
0
 
4 

M
A
C
R
O
 
X
R
R
L
I
S
T
 

D
A
T
A
 
_
N
U
L
L
_
 

»

8
Y
 
T
A
G
 

t
RE

TA
IN

 D
A 

NJ
MD
A 

{
RE

TA
IN

 N
 

I
RE

TA
IN

 R
IN

TA
CC

1 
HI
NT
AC
C2
 
-U
NT
AC
C3
 
0 

I
RE
TA
IN
 O

AT
AI

NT
 
Dl
NT
EH
V 

IN
TE
R 

IN
TE

RV
AL

 
«

RE
TA

IN
 M

AX
S1

 
MA

XI
MT

1
RE

TA
IN

 M
UL

T 
M*

 
MU

LT
_I

MT
R
E
T
A
I
N
 
0
0
5
 
J
o
l
N
T
 
3
0
H
R
 

I
R
E
T
A
I
N
 
S
5
1
M
l
-
S
b
l
H
5
 

t
R
E
T
A
I
N
 
S
I
1
M
1
-
S
I
1
M
*
5
 

;
R
E
T
A
I
N
 
S
H
1
M
1
-
S
H
1
M
4
0
 

;
R
E
T
A
I
N
 
W
T
1
 
rt

El
GH

Tl
 
X
T
?
 
H
E
I
G
H
T
?
 
X
T
3
 
X
E
I
G
H
T
3
 

t
A
R
R
A
Y
 
S
5
1
M
 
(I
) 

S
b
l
M
l
-
5
5
1
1
5
 

t
A

R
H

A
Y

 
S

U
M

 
(J

) 
S

I1
M

1
-S

I1
X

4
5

 
t

A
R
R
A
Y
 
S
H
I
M
 
(K

) 
S
H
1
M
1
-
S
H
1
1
6
0
 

I
F
I
L
E
 
P
R
I
N
T
 
L
I
*
E
S
L
E
^
T
=
L
 
N
O
T
I
T
L
i
S
 

;
IF
 
F
I
R
S
T
.
T
A
3
 
T
H
E
N
 
O
O
 

I
L
I
N
K
 
T
A
B
L
E
T
O
P
 

t
L
I
N
K
 
C
3
L
O
M
N
 

I
N
*
0
 

I
E
N
D
 

;

IF
 
L
<
*
 
T
H
E
N
 
L
I
N
K
 

  
A
C
C
U
M
U
L
A
T
E
 
T
O
T
A
L
S
 
3
E
F
O
R
E
 

A
C
C
«
A
I
N
1
»
«
A
I
N
1
 

; 
A
C
C
R
A
1
N
2
*
R
A
I
M
2
 

<

IF
 
*
A
I
N
1
 
M
E
 

. 
T
H
E
M
 
H
I
M
T
A
C
C
1
»
R
A
l
N
l
 

I
E
L
S
E
 
R
I
N
T
A
C
C
1
=
.
 

(
IF

 
«

A
IN

2
 

N
E

 
. 

T
H

E
N

 
R

lM
T

A
C

C
2

*R
A

lN
2

 
«

E
L
S
E
 
R
I
N
T
A
C
C
2
S
. 

<
IF

 
3
A
I
N
3
 
N
E
 

. 
T
H
t
N
 
M
I
M
T
A
C
C
3
»
H
A
l
N
3
 

»
E
L
i
E
 
R
1
N
T
A
C
C
3
S
. 

I

S
F

D
s
A

C
C

O
IS

*3
A

T
A

lN
T

/U
*0

. 
I

A
C
C
R
U
N
=
S
F
D
/
(
(
D
A
/
b
*
0
.
)
*
2
6
.
9
)
 

J 
IF

 
1
0
0
(
N
*
O
A
T
A
i
N
T
,
I
N
T
E
R
V
A
L
)
=
0
 

D
: 

IF
 
4
A
I
N
1
 

= 
. 

T
H
E
N
 
R
A
I
M
1
 

= 
0.

 
;

L
A
S
T
.
T
A
G
 
T
H
E
N
 
L
I
N
K
 
P
R
I
N
T
 

I



S
T
A
T
I
S
T
I
C
A
L
 
A
N
A
L
Y
S
I
S
 
S
Y
S
T
E
M

9
:
0
2
 
M
O
N
D
A
Y
*
 
J
U
N
E
 
2
2
*
 
1
9
8
1

U
*

1
1
5

1
1
6

1
1
7

1
1
6

1
1
9

1
2
0

1
2
1

1
2
2

1
2
3

1
2
4

1
2
5

1
2
5

1
2
7

1
2
6

1
2
9

1
3
6

1
3
1

1
3
2

1
3
3
 

1
3
*
 

1
3
5
 

1
3
*
 

1
3
7
 

1
3
6
 

1
3
9
 

1
4
6

1
4
1

1
4
2
 

1
*
3

1
4
4

1
4
5
 

1
*
5
 

1
4
7
 

1
4
6
 

1
4
9
 

1
5
6

1
5
1

1
5
2

1
5
3

1
5
4

1
5
5

1
5
6

1
5
7

1
5
6

1
5
9

1
6
0

1
6
1

1
6
2

1
6
3

1
6
4

1
6
5

1
6
6

1
6
7

1
6
8

1
6
9

1
7
0

17
1

IF
 
4
A
I
N
2
 
* 

. 
T
H
E
N
 
R
A
I
*
2
 
* 

0.
 

I
IF
 
R
A
I
N
3
 
» 

. 
T
H
E
N
 
«
A
I
*
3
 
» 

0.
 

;
«
_
M
A
I
N
 
»
*
E
I
3
H
T
1
»
W
A
I
N
1
 

» 
rt

£I
6H

T
IF
 
F
I
R
S
T
.
T
A
5
 
T
H
E
N
 
0
0
 

t
IF
 
O
A
T
A
I
N
T
 
E
Q
 

1 
0
9
 
D
A
T
A
I
N
T
 
C
O
 
5 

T
H
E
M
 
0
0
 

I
">

05
»1

 
»

O
O
I
N
T
M
 

I
->

OH
R=

1 
t

*
U
L
T
_
I
*
T
=
1
5
/
D
A
T
A
I
N
T
 

I 
M
U
L
T
_
4
R
>
6
0
/
}
A
T
A
I
N
T
 

I 
N
U
L
T
_
S
*
5
/
O
A
T
A
I
N
T
 

*
E
N
D
 

t
IF

 O
AT
AI
NT
 
SE

 
10

 A
NO
 
DA

TA
IN

T 
.IT

 
30
 
TH
EN
 u

o 
; 

oo
s«

o 
t

3
0

IN
T

M
 

I
'W

L
T

.I
M

T
'l
 

»
IF

 
M

O
O

(6
0

»
O

A
T

A
I*

4
T

1
«

0
 

T
H

E
'*

 
9
0
 

t
D

O
H

M
»1

 
t 

M
U

L
T

_
H

R
«
6
0
/)

A
T

A
IN

T
 

I
E

N
D

 
t

E
L

S
E

 
Q

O
H

R
'O

 
I 

E
N

D
 

I
IF

 O
AT
AI
NT
 
3T

 3
0 

TH
EN
 o

o 
*

W
5
*
0
 

t

E
M
O
 

t
1*

1 
t

J
»
l
 

t
K
>
1
 

I

*
E
I
6
H
T
3
*
R
A
I
N
3
 

I

M
A
I
N
 

t ; t
» 

M
A
X
I
N
T
1
3
»
J
*
A
I
*
 

I

E
N
D
 

t 
E
L
S
E
 
9
0
 

I
IF
 
0
0
5
*
2
 
T
H
E
N
 
G
O
 
T
O
 
G
E
T
1
A
X
1
 

I 
IF
 
4
U
L
T
.
5
»
1
 
A
N
O
 
M
A
X
S
1
 

< 
S
5
1
*
 

I
T
H
E
N
 
D
O
 

t

G
O
 
T
O
 
I
S
_
I
T
1
 

;
EN
D 

; 
EL
SE
 D

O 
t 

1*
1 

»

IF
 
I
>
*
M
U
L
T
_
5
 
k*
 0
0
5
-
1
 
T
H
E
*
 
0
0
 

;
0
0
5
»
2
 

I
L
I
N
K
 
S
O
_
M
A
X
5
 

I 
E
N
D
 

; 
E
N
D
 

I

IF
 
D
O
I
N
T
-
Z
 
T
H
E
N
 
G
O
 
T
O
 
G
E
T
*
A
X
I
 

; 
IF
 
*
U
L
T
_
I
N
T
»
1
 
A
N
U
 
H
A
X
I
N
T
K
S
I
1
4

N
A
X
I
N
T
U
S
1
1
M
 

I 
J
=
l
 

t

T^
E 
4 

D
O
 

*



17
2

1
7
3
 

1
7
*

17
5

1
7
6

1
7
7

1
7
8

1
7
9

1
8
0

18
1

1
8
2
 

1
0
3
 

1
8
*

1
8
5

1
8
6

1
8
7
 

1
8
B

1
8
9

1
9
0

1
9
1

1
9
2

1
9
3
 

1
9
*

19
5

1
9
6

1
9
7

1
9
8

to
 

1
9
9
 

I-
1 

2
0
0
 

10
 

2
0
1

2
0
2

2
0
3
 

2
0
*

2
0
5

2
0
6

2
0
7

2
0
8

2
0
9

2
1
0

2
1
1

2
1
2

2
1
3
 

2
1
*

2
1
5

2
1
6

2
1
7

2
1
8

2
1
9

2
2
0

2
2
1

2
2
2

2
2
3
 

2
2
*

2
2
5

2
2
6

2
2
7

2
2
8

2
2
9

G
O
 
TO

 
I
S
.
I
T
2
 

I
EN

D 
$ 

EL
bE
 
90
 

; 
j»
l 

;
S
I
1
M
=
W
_
H
A
I
M
 

I
IF

 
J
>
=
 
M
J
L
T
_
I
N
T
 
A
N
D
 
D
O
I
N
T
=
1
 
T
H
E
N
 
0
3
 

»
O
O
I
N
T
=
?
 

;
L
I
N
K
 
6
3
 
*
A
X
H

E
N
D
 

; 
E
M
U
 

t 
IS

_I
T<

! 
:

IF
 
B
O
H
R
'
2
 
T
H
E
N
 
G
O
 
T
O
 
3
E
T
M
A
X
H
H
 

t
IF
 
«l
UL
T_
Hr
ts
l 

A
N
O
 
l
A
X
H
^
U
S
^
l
M
 

T
H
E
N
 
0
0
 

<
M
A
X
H
H
l
s
S
H
l
M
 

t
K
»
l
 

;
R
E
T
U
R
N
 

t
E
N
D
 

t 
E
L
S
E
 
9
0
 

I
K»
l 

I
S
H
l
*
*
t
f
_
R
A
l
N
 

t 
IF
 
<
>
a
H
U
L
T
_
-
»
«
 
A
N
D
 
l)
OH
^=
l 

T
H
E
N
 
D
O
 

I
O
O
H
W
=
2
 

t
L
I
N
K
 
G
3
_
M
A
X
M
^
 

$
EN
D 

t
E
N
D
 

I
E
N
D
 

I
  
P
R
I
N
T
S
 
T
O
T
A
L
S
 

I 
P
K
N
T
 :

IF
 
L
A
S
T
.
 T
A
G
 
T
*
E
N
 
L
I
N
K
 
T
A
U
L
E
E
N
}
 

I
R
E
T
J
R
M
 

f 
G
O
.
M
A
X
S
:

T
O
T
A
L
s
O
 

«
0
0
 
la

l 
T
O
 
H
J
L
T
_
5
 

I
T
O
T
A
L
»
5
S
1
M
 

I
E
N
D
 

I
IF
 
T
O
T
A
L
 
> 

H
A
X
b
l
 
T
H
E
N
 
M
A
X
5
1
=
 
T
O
T
A
L
 

<
0
0
 
I
=
?
 
T
O
 
M
J
L
T
_
i
 

»
TE

Ht
»=

Si
>

1
=
1
-
1
 

;
S
b
H
=

1*
1 

t 
E
N
D
 

;
I
«
H
J
L
T
_
5
 

I

G
O
.
H
A
X
I
 

: T
O
T
A
L
E
D
 

t
0
0
 
J
=
 

1 
T
O

T
O
T
A
L
»
S
I
1
M
 

I
E
N
D
 

<
IF
 
T
O
T
A
L
 

> 
H
A
X
I
N
T
1
 
T
H
E
N
 
^
A
X
I
N
T
1
 

= 
T
O
T
A
L
 

*
0
0
 
J 

s 
2 

T
O
 
M
U
L
T
.
I
N
T
 

I
T
£
M
P
=
S
I
1
M
 

I
J
"
J
-
1
 

I
S
I
l
H
s

J«
l 

t
E
N
D
 

t
J
»
M
J
L
T
_
I
N
T
 

I
M
E
T
J
R
M
 

t



S
T
A
T
I
S
T
I
C
A
L
 
A
N
A
L
Y
S
I
S

S
Y
S
T
E
M

9
:
0
2
 
M
O
N
D
A
Y
.
 
J
U
N
E
 
2
2
.
 
1
9
8
1

to
 

\-> U)

2
3
0

23
1

2
3
2

2
3
3
 

2
3
%

2
3
5

2
3
6

2
3
7
 

2
3
S
 

2
3
9
 

2
*
0
 

2
*
1
 

2
*
2
 

2
*
3
 

2
*
*
 

2
*
5
 

2
*
6
 

2
*
7
 

2
*
8
 

2
*
9

2
5
0

25
1

2
5
2

2
5
3
 

2
5
*
 

2
5
5
 

2
5
*

2
5
7

2
5
8

2
5
9
 

2
6
*

26
1

2
6
2
 

2
*
3
 

2
6
*
 

2
6
5
 

2
*
6
 

2
6
7
 

2
6
»

2
6
9

2
7
0

27
1

2
7
2

2
7
3
 

2
7
*

2
7
5

2
7
6

2
7
7

2
7
8

2
7
9

28
0

28
1

2
8
2

2
8
3
 

2
8
*

2
8
5

2
8
6

2
8
7

G
O
.
M
A
X
H
R

T
O

T
A

L
'0

 
;

0
0

 
K

M
 

T
O

 
M

J
L

T
_
H

H
 

I
T

O
T

A
L

»
S

H
1

M
 

I
E

N
D

 
t

IF
 

T
O

T
A

L
>

M
A

X
H

4
1

 
T

H
E

N
0

0
 

<
r2

 
T

O
 

M
J

L
T

_
H

H
 

I
T

E
M

P
=

S
M

1
M

 
I

SM
1M

«T
E

M
P 

;

E
N

D
 

» 
K

«
6
0
 

t 
R

E
T

U
R

N
 

»

S
5
H

«
*_

R
A

IN
 

I 
L

IN
K

 
(5

0
.M

A
X

5
 

» 
6

0
 

T
O

 
IS

_
IT

1
 

»

»
T
 3
-T

AL

S
E
T
M
A
X
l
t

G
E
T
M
A
X
H

L
l
N
<
 
S
O
.
M
A
I
I
 

I 
6
0
 
T
O
 
I
S
_
1
T
2
 

* 
6
E
T
N
A
X
H
R
 

: L
IN

<
 

6
0

.M
A

X
4

R
 

»
6

0
 

T
O

 
P

R
N

T
 

t 
T

A
B

L
E

C
N

D
* 

 
 

C
A

L
C

U
L

A
T

E
 

R
U

N
O

F
F

 
P

E
R

C
tN

T
 

I
IF

 
A

C
C

R
A

 I
N

I 
N

t 
. 

T
H

E
N

 
R

u
N

P
E

R
l*

A
C

C
R

U
M

/A
C

C
i*

A
tl

«
l*

1
0

0
«

i 
f

E
L

S
E

 
»
U

N
*»

E
R

1
»
. 

t
IF

 
A

C
C

M
A

IN
2
 

N
c 

. 
T

H
E

N
 

R
U

*P
E

rt
?

>
A

C
C

R
U

N
/A

C
C

i«
A

IN
2
*I

0
0
. 

I
E

L
S

E
 

R
U

N
P

E
R

2
«

. 
t

IF
 

A
C

C
R

A
IN

3
 

N
C

 
. 

T
H

E
N

 
K

U
V

»
E

R
3

>
A

C
C

*U
M

/A
C

C
4

A
lN

3
*1

0
0

. 
*

E
L

S
E

 
R

U
N

P
 »

3
»
. 

t
IF

 
L

<
8

 
T

M
C

H
 P

U
T

 
_
«
»
A

6
E

_
 

t
PU

T 
/r

//
 2

7
 

"I
N

C
H

E
S

 
O

F
 

R
U

N
O

F
F

* 
»
6
 

»m
 

  
A

C
C

R
U

N
 
6
.J

 
/

#
2

7
 

»
R

U
M

O
fF

 
P

E
R

C
E

N
T

* 
3
A

G
E

1
 

* 
  

4
U

N
P

E
4

1
 

b
.J

 
/

>
*3

 
'S

A
G

E
?

 
« 

* 
4

U
N

P
 >

«
2

 
to

.3
 
/

»
*J

 
'S

A
G

E
3

 
> 

' 
4
U

N
P

E
X

3
 

6
.J

 
»

M
A

X
3l

»1
2*

M
A

X
51

 
I

M
A

X
lN

T
l*

M
A

X
lN

T
t»

(6
0

/(
M

U
L

T
.t

N
r»

a
A

T
A

lN
T

))
 

I 
IF

 
L

<
»

 
T

H
E

N
 

P
U

T
 

_
«

»
A

6
E

_
 

I 
P

U
T

 
/ #
2

7
 

*M
E

I6
H

T
St

 
G

A
G

E1
 

: 
  

W
T1

 
5

.2
 
/

#
3

6
 

*6
A

3E
2 

: 
  

M
T2

 
5
.2

 
/

#
3
6
 
'
G
A
3
E
J
 

: 
  
X
T
3
 
5
.
2
 

t 
P
U
T
 
/ 

#
1
5
 
W
E
I
G
H
T
E
D
 
R
A
I
N
F
A
L
L
 

: 
  

/
#
2
7
 

  
5
 
M
I
N
 
M
A
X
I
M
U
M
 
R
A
I
N
F
A
L
L
 
4
A
T
E
 

' 
M
A
X
5
1
 
8
.
2

#
2
7
 
I
N
T
2
 
2
.
 

  
M
I
N
 
M
A
X
I
M
U
M
 
K
A
I
^
F
A
L
L
 
4
A
T
E
 

' 
M
A
X
I
N
T
1
 
8
.
2
 

' 
I
N
/
H
R
*
 

/
#
2
7
 
«
6
0
 
M
I
N
 
M
A
X
I
M
U
M
 
R
A
I
N
F
A
L
L
 
4
A
T
E
 

' 
M
A
X
H
^
l
 
6
.
2
 

  
I
N
/
H
R
*
 

I 
R
E
T
U
R
N
 

»
N
E
M
P
A
6
E
:

P
U
T
 
«

L
I
N
K
 
C
O
L
U
M
N
 

t
R
E
T
U
R
N
 

I 
  

P
R
I
N
T
S
 
C
O
L
U
M
N
 
H
E
A
D
I
N
G
S



S
T
A
T
I
S
T
I
C
A
L
 
A
N
A
L
Y
S
I
S
 
S
Y
S
T
E
M

9
:
0
2
 
M
O
N
D
A
Y
.
 
J
U
N
E
 
2
2
.
 
1
9
8
1

2
8
8

2
8
9

2
9
0

2
9
1

2
9
2

2
9
3
 

2
9
*

2
9
5

2
9
6

2
9
7

2
9
8

2
9
9

3
0
0

3
0
1

3
0
2

3
0
3
 

3
0
*

3
0
5

3
0
6

3
0
7

3
0
8

3
0
9

3
1
0

3
1
1

3
1
2
 

3
1
1
 

3
1
*

3
1
5

3
1
6

3
1
7

32
0

32
1

3
2
2

3
2
3
 

3
2
*

3
2
5

3
2
6

3
2
7

3
2
8

3
2
9

3
3
0

33
1

3
3
2

3
3
3

3
3
*
 

3
3
*

3
3
6

33
7

3
3
8

3
3
9
 

3
*
0
 

3*
1 

3
*
2
 

3
*
3
 

3*
* 

3
*
5

CO
LU

MN
:

PU
T

02
7 

'A
CC
UM
UL
AT
ED
' 

»5
 

'R
AI
NF
AL
L

1 
«!>

 
'A
CC
UM
UL
AT
ED
' 

«5
 

'R
AI
NF
AL
L

1
»
5
 

'
A
C
C
U
M
U
L
A
l
b
O
'

»
S
 

'
A
C
C
U
M
U
L
A
T
E
D
'
 

/ 
0
2
 

»
T
I
M
£
»

 
6
 

'
D
I
S
C
H
A
R
G
E
'
 

«t
t 

  R
U
N
O
F
F
  
 

»
*
 

'
G
A
G
E
 
1'

  
B 

'
R
A
I
N
 
1'

 
«
9
 

*
G
A
G
E
 
2'

  
8 

'
R
A
I
N
 
2'

 
»
V
 

>
G
A
6
E
 
3'

 
8
 

'
R
A
I
N
 
3
'
/
 

I 
H
E
T
J
R
M
 

I 
  

P
R
I
N
T
S
 
D
A
T
A
 

I
PH
IN
T:

T
I
M
E
»
T
I
N
E
P
A
-
«
T
<
O
A
T
E
T
I
M
£
>
 

I 
P
U
T
 
#1
 

T
I
M
-
 

TI
i£
*J
.

0
1
3
 
D
I
S
C
M
A
H
G
 

»?
«*

 
A
C
C
4
U
N
 

0
*
3
 
H
I
N
T
A
C
C
1
 

M
7
 
A
C
C
4
A
I
N
1
 

4
7
2
 
M
I
N
T
A
C
C
2
 

0
»
6
 
A
C
C
4
A
1
N
2

.
2 .3
 

.2
 

.
2
 

.
2  
?
 

.
2

»
1
1
5
 
A
C
C
H
A
I
M
3
 

.2
 

I 
»
I
N
T
A
C
C
I
«
0
 

» 
R
I
N
T
A
C
C
2
*
0
 

t 
H
I
N
T
A
C
C
3
»
0
 

t 
H
E
 T
U
R
N
 

f
 
P
R
I
N
T
S
 
T
A
B
L
E
 
4
C
A
D
1
N
3
S
 

» 
T
A
B
L
E
 T
O
P
 

:
 
 
I
N
I
T
I
A
L
I
Z
E
 
V
A
R
I
A
B
L
E
S
 

»
IF

 
R

A
IN

I 
NC

 
. 

TH
EM

 A
CC

M
AI

M
I*O

 
i

E
L

S
E

 
A

C
C

rt
A

IX
l*

. 
»

IF
 

4
A

IN
2

 
N

C
 

. 
T

4
t*

 
A

C
C

H
A

lM
2

a
O

 
t

E
L

S
E

 
A

C
C

»
A

IX
2

3
» 

»
IF

 
^

A
IN

3
 

N
C

 
. 

T
H

E
V

 
A

C
C

R
A

I>
4

3
=

0
 

<
E

L
S

E
 

A
C

C
K

A
IX

3
*.

 
<

A
C
C
D
I
S
 

*
O
I

H
I>

*T
A

C
C

<?
=0

 
I

H
IM

T
A

C
C

3
*0

 
I

T
I
H
E
=
T
I
M
E
P
A
R
T
<
O
A
T
E
T
I
M
£
)
 

I 
O
A
T
E
=
O
A
T
E
P
A
^
T
«
O
A
T
E
T
I
M
E
)
 

I 
E
D
A
T
E
s
U
A
T
E
P
A
R
T
I
E
N
D
T
I
^
E
)
 

I

P
U
T
 

P
A
G
E
_
 

;
P
U
T
 
/
/
/
/
 
»»

*3
 
'
H
A
I
M
F
A
L
L
 
A
N
D
 
3
U
M
O
F
F
 
D
A
T
A
'
 
//

»>
3*

 
'
U
I
S
C
H
A
r
t
S
E
 
S
T
A
T
I
D
N
 
ID
: 

  
S
T
A
T
I
O
N
S
 
*
1
5
.
 

/ 
»«

3*
 
'
H
A
I
M
F
A
L
L
 
G
A
3
E
 
» 

1 
ID
: 

  
S
T
A
T
I
O
N
1
 
»
1
5
.
 

/ 
«
4
3
 

'
G
A
3
E
 
« 

2 
ID
: 

' 
S
T
A
T
I
O
N
?
 
1
1
5
.
 

/ 
*
4
3
 

'
G
A
3
E
 
* 

3 
ID

: 
  
S
T
A
T
I
O
N
S
 
«
1
5
.
 
/
/



S
T
A
T
I
S
T
I
C
A
L
 
A
N
A
L
Y
S
I
S

S
Y
S
T
E
M

9
:
0
2
 
M
O
N
D
A
Y
,
 
J
U
N
E
 
2
2
t
 
1
9
8
1

K)
 

M
 

Ui

3
4
6
 

3
*
7

3
4
8

3
4
9

3
5
0

3
5
1

3
5
2

3
5
3

3
5
4

3
5
5

3
5
6

3
5
7
 

3
5
i

H
E
T
J
R
N
 

t

*3
4 

'T
IM

E:
 
F*

OM
 

  
OA
fE
 W

OR
DO

AT
E1

8.
 
*1
 
TI

ME
 T

IM
ES
. 

»1
 
'T

0»
 
*J

 
EO

AT
E 

«0
»O

DA
TE

1B
. 

*1
 
EU

NE
 
T1

ME
8.

 
/

* 
20

 
'N

OT
E:

 
  

  
* 

RA
IN
FA
LL
 A

ND
 R

UN
OF

F 
1*4

 
IN
CH
ES
* 

DI
SC
HA
«

 R
Gf
c 

I
N
 
C
U
B
I
C
 
F
E
i
T
 
P
E
R
 
S
E
C
O
N
D
'
/

*3
i 

*T
IM
E 

IN
TE

RV
AL

 o
n 

BA
SI
C 

DA
TA
:*
 
**
 
OA
TA
IN
T 

4.
.i

  
M
I
M
U
T
E
C
S
)
*
/

*
3
1
 
'
H
R
I
N
T
 
I
N
T
E
R
V
A
L
 

: 
E
V
E
R
Y

1 
*1
 

I
N
T
E
H
 

2
.
 

  
M
I
N
U
T
E
S
'
 
/
/
 

J

M
A
C
R
O
 
M
U
M
D
A
 
1
4
.
7
 

ft
 

M
A
C
R
O
 
I
N
T
E
R
V
A
L
 
5 

* 
M
A
C
*
0
 
D
I
N
T
E
4
V
 

1 
*
 

M
A
C
R
O
 
P
C
 
0
0
0
*
5
 
*

N
O

T
E

: 
i>

A
TA

 
S

E
T 

n
O

R
K

.T
E

ft
P

 
H

A
S

 
4 

Q
B

S
E

H
V

A
T

I3
N

S
 

A
N

D
 

5 
V

A
R

U
d

L
E

S
. 

2
5

b
 

O
B

S
/T

R
K

. 
N

O
T

E
t 

TH
E 

D
A

TA
 

S
TA

TE
M

E
N

T 
U

S
E

D
 

0
.3

3
 

S
E

C
O

N
D

S
 

A
^O

 
1

3
0

K
.

3*
2

  
I

N
O
T
E
t
 
U
A
T
A
 
S
E
T
 
 
O
f
t
t
.
K
A
l
N
F
A
L
L
 
H
A
S
 
1
9
7
9
0
 
O
d
S
E
R
V
A
T
I
3
*
*
S
 
A
N
}
 
1
0
 
V
A
R
I
A
B
L
E
S
.
 
1
7
6
 
O
U
S
/
T
R
K
.
 

N
O
T
E
t
 
T
H
E
 
D
A
T
A
 
S
T
A
T
E
M
E
N
T
 
U
S
E
D
 
3
.
8
6
 
S
E
C
O
N
D
S
 
A
W

3*
3 

M
*
 

3*
5

X
f
t
A
i
N
*

K
I
D

M
A
C
R
O
 
P
C
 
0
0
0
6
0
 
 

N
O
T
E
S
 
D
A
T
A
 
S
E
T
 
W
O
R
*
.
 R
A
I
N
F
A
L
L
 
H
A
S
 
3
3
0
 
O
B
S
E
R
V
A
T
I
O
N
S
 
A
N
D
 
1
0
 
V
A
R
I
A
B
L
E
S
.
 
1
7
6
 
0
»
S
/
T
R
<
.
 

N
O
T
E
!
 
T
H
E
 
D
A
T
A
 
S
T
A
T
E
M
t
M
T
 
U
S
E
D
 
I.
 I
S
 
S
E
C
O
N
O
S
 
A
M
D

N
O
T
E
t
 
->

AT
A 

S
E
T
 
 
O
R
K
.
T
f
c
.
M
P
 
H
A
S
 

4^
 
O
t
»
S
E
H
V
A
T
I
 3
N
S
 
A
N
D
 
J
 
V
A
R
I
A
B
L
E
S
.
 
2
5
 b
 
0
0
S
/
T
R
*
.
 

N
O
T
E
t
 
T
H
E
 
D
A
T
A
 
S
T
A
T
E
M
E
N
T
 
U
S
E
O
 
0
.
0
*
 
S
E
C
O
N
D
S
 
A
W
 
l
l
O
K
.

N
O
T
E
t
 
J
A
T
A
 
S
E
T
 
«
O
M
«
.
D
I
S
C
H
 
H
A
S
 
1
9
7
9
0
 
O
B
S
E
R
V
A
T
I
O
N
S
 
A
N
D
 
9
 
V
A
H
I
A
B
L
L
S
.
 
1
9
7
 
O
B
S
/
T
R
K
.
 

N
O
T
E
!
 
T
H
E
 
D
A
T
A
-
 
S
T
A
T
E
M
E
N
T
 
U
S
E
O
 
3
.
3
*
 
S
E
C
O
N
D
S
 
A
N
O
 
1
3
2
«
.

3
7
0

3
7
1
 

3
7
*

xu
is

cx
R
I
D

N
O
T
E
t
 
U
A
T
A
 
S
E
T
 
W
O
R
X
.
i
D
I
S
C
*
 
H
A
S
 
3
3
0
 
O
B
S
E
R
V
A
T
I
O
N
S
 
A
*
0
 
9
 
V
A
R
I
A
B
L
E
S
.
 
1
9
7
 
O
B
S
/
T
R
K
.
 

N
O
T
E
t
 
T
H
E
 
D
A
T
A
 
S
T
A
T
E
M
E
N
T
 
U
S
E
D
 
1
.
1
4
 
S
E
C
O
N
D
S
 
A
N
D
 
1
3
0
K
.

3
7
2

3
7
3

3
7
4

3
7
5

D
A
T
A

M
E
U
S
E
 
R
A
I
N
F
A
L
L
 
(
R
E
N
A
M
E
*
(
V
A
L
U
E
*
4
A
I
N
1
 
S
T
A
T
1
0
N
«
S
T
A
T
I
O
N
1
)
)
 

O
I
S
C
H
 
(
R
E
N
A
«
I
E
'
(
V
A
L
L
»
E
=
3
I
S
C
H
A
R
6
 
S
T
A
T
 I
 9
N
*
S
T
 A
T
I
 O
N
O
»
 

» 
B
Y
 
T
A
3
 
D
A
T
E
T
I
H
E
 

t

N
O
T
E
:
 
J
A
T
A
 
S
E
T
 
M
O
R
K
.
T
E
M
P
3
 
H
A
S
 
3
3
0
 
O
B
S
E
R
V
A
T
I
O
N
S
 
A
*
0
 
1
3
 
V
A
R
I
A
B
L
E
S
.
 
1
2
8
 
O
B
S
/
T
R
K
.
 

N
O
T
E
t
 
T
H
E
 
O
A
T
A
 
S
T
A
T
E
M
E
N
T
 
U
S
E
O
 
0
.
1
7
 
S
E
C
O
N
D
S
 
A
N
D
 
1
3
0
K
.

3
7
6

X
R
H
L
I
S
T

N
O
T
E
:
 
T
H
E
 
V
A
R
I
A
B
L
E
 
S
T
A
T
I
O
N
?
 
I
S
 
U
N
I
N
I
T
I
A
L
I
Z
E
D
.
 

N
O
T
E
t
 
T
H
E
 
V
A
R
I
A
B
L
E
 
S
T
A
T
I
O
N
S
 
I
S
 
U
N
I
N
I
T
I
A
L
I
Z
E
D
.



R
A
I
N
F
A
.
L
 
A
N
D
 
4
U
N
O
F
F
 
D
A
T
A

O
I
S
C
H
A
H
3
E
 
S
T
A
T
I
O
N

R
A
I
N
F
A
L
L
.
 
S
A
3
t
 
* 

1
G
A
3
E
 
* 

2
G
A
3
E
 
» 

3

10
! 

10
!

8
5
*
0
3
1
0
8
0
1
9
1
1
0
0
 

3
5
*
0
3
1
0
8
0
1
9
1
1
0
3

T
I
M
E
:
 
F
4
0
M
 

M
A
Y
 
1
1
*
 
1
9
7
7
 

4
:
4
0
:
0
0
 
T
O
 

H
A
Y
 
l
i
t
 

N
O
T
E
:
 

  
  

  
R
A
I
N
F
A
L
L
 
A
N
D
 
R
U
N
3
F
F
 
I
N
 
I
N
C
H
E
S
*
 
D
I
S
C
H
A
R
G
E
 
I
N
 
C
U
B
I
C
 
F
E
E
T
 

T
I
M
E
 
I
N
T
E
R
V
A
L
 
O
F
 
B
A
S
I
C
 
D
A
T
A
:
 

1
.
0
 
M
I
N
U
T
E
<
S
>
 

»
R
I
N
T
 
I
N
T
E
R
V
A
L
 

: 
E
V
E
R
Y
 

5 
M
I
N
U
T
E
S

1
9
7
7
 

6
:
5
8
:
0
0
 

S
E
C
O
N
D

TI
ME

 

4:
44
:0
0

4
*
4
9
:
0
0

4:
5*

10
0

4
»
5
9
:
0
0
 

5
*
0
4
:
0
0
 

5
*
0
9
s
o
u
 

5
*
1
4
:
0
0
 

5
*
1
9
:
0
0
 

S
*
2
4
»
U
O

5»
34
:u
u

6*
l«

to
o

6
*
1
9
t
O
O

6
*
2
4
:
0
0
 

6
*
2
9
:
0
0
 

6
*
3
4
:
0
0
 

6
*
3
9
:
0
0
 

6
*
4
4
:
0
0
 

6
*
4
9
:
0
0
 

6
*
5
4
:
0
0
 

6
:
5
8
:
0
0

D
I
S
C
H
A
R
G
E

0
.
0
0

1
4
.
3
2

2
9
.
2
2

2
8
.
1
3

2
0
.
1
8

1
2
.
1
6

7
.
9
6

2
.
1
9

0
.
7
1

0
.
2
T

0
.
0
0

0
.
0
0

O
.
Q
O

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

o.
oo

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

o.
oo

0
.
0
0

0
.
0
0

0
.
0
0

A
C
C
U
M
U
L
A
T
E
D

0
.
0
0
0
 

O
.
Q
4
6
 

0
.
1
9
0

0
.
4
B
8
 

0
.
5
7
3
 

0
.
6
2
4
 

0
.
6
3
0
 

0
.
6
9
6
 

0
.
6
3
V
 

0
.
6
D
9

0
.
6
5
V
 

0
.
6
5
V
 

0
.
6
5
V
 

0
.
6
5
9
 

0
.
6
9
9
 

0
.
6
3
9
 

0
.
6
5
9
 

0
.
6
9
V
 

0
.
6
5
9
 

0
.
6
3
9
 

0
.
6
5
9
 

0
.
6
3
9
 

0
.
6
9
9
 

0
.
6
5
9
 

0
.
6
5
9
 

0
.
6
3
9

R
A
I
N
F
A
.
L
 

S
A
G
E
 

1

0
.
2
0
 

0
.
3
2
 

0
.
3
9
 

0
.
2
0
 

0
.
0
4
 

0
.
0
0
 

0
.
0
1
 

0
.
0
0
 

O
.
Q
O
 

O
.
Q
O
 

0
.
0
1
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
1
 

0
.
0
0
 

0
.
0
0
 

0
.
0
0
 

0
.
0
1
 

0
.
0
0
 

0
.
0
0
 

0
.
0
1

A
C
C
U
M
U
L
A
T
E
D
 

R
A
I
M
 

1

0
.
2
0

0
.
5
2

0
.
9
1

1
.
1
1

.
1
5

.
1
5

.
1
6

.
1
6

.
1
6

.
1
6

.
1
7

.
1
7

.
1
7

.
1
7

.
1
7

.
1
7

.
1
7

.
1
7

.
1
7

.
1
7

.
1
8

.
1
9

.
1
9

1
.
1
9

1
.
2
0

1
.
2
0

1
.
2
0

1
.
2
1

R
A
I
N
F
A
L
L
 

G
A
G
E
 
2

AC
CJ
MU
LA
TE
D

R
A
I
N
 
2

R
A
I
N
F
A
L
L
 

G
A
G
E
 
3

A
C
C
U
M
U
L
A
T
E
D
 

R
A
I
N
 
3

I
N
C
H
E
S
 
O
F
 
R
U
N
O
F
F
 

s 
0
.
6
5
9

R
U
N
O
F
F
 
P
E
H
C
E
N
T
*
 
G
A
3
E
1
 

= 
5
4
.
5
6
8

G
A
S
t
?
 
=

G
A
S
E
3
 

=



W
E
I
G
H
T
S
t
 
G
A
G
E
1
 

: 
1
.
0
0

G
A
G
E
?
 

: 
0
*
0
0

G
A
G
E
3
 

: 
0
*
0
0

WE
IG
HT
ED
 R

AI
NF

AL
L,
 :

5 
M
I
N
 
M
A
X
I
M
U
M
 
R
A
H
F
A
L
j
 R
A
T
E
 

5
.
6
4
 
I
N
/
H
R

15
 
M
I
N
 
M
A
X
I
M
U
M
 
R
A
I
N
F
A
L
.
I
 
R
A
T
E
 

3
.
9
2
 
I
N
/
H
R

6
0
 
M
I
N
 
M
A
X
I
M
U
M
 
R
A
I
N
F
A
L
.
I
 
R
A
T
E
 

1
.
1
7
 
I
N
/
H
R



R
A
I
N
F
A
.
L
 
A
N
D
 
H
U
N
O
F
F
 
D
A
T
A

D
I
S
C
H
A
R
G
E
 
S
T
A
T
I
D
N
 
10

: 
2
5
*
0
3
1
0
8
0
1
9
1
1
0
0

G
A
5
E
 
» 

1 
ID

: 
3
5
*
0
3
1
0
8
0
1
9
1
1
0
3

G
A
3
E
 
« 

? 
ID

:
G
A
G
E
 
» 

3 
ID

:

6
:3

4
:0

0
6
:3

9
:0

0
6
:*

4
:0

0
6
:4

9
:0

0
6
:5

4
:0

0
6
:5

9
:0

0
7
:0

4
:0

0
7

:0
9

:0
0

7
:i
4

:0
o

7
U

9
:0

0
7S

24
:O

o
7
:2

9
:0

0
7
:3

4
:0

0
7
:3

9
:0

0
7
:4

4
:0

0
7
:4

9
:0

o
7
:5

*:
0
o

7
1
5
9
:0

0
6

:0
4

:0
0

 S
0
9
:0

o
8

U
4

:O
o

 
 U

9
s
O

U
 1

2
4

:0
0

8
:2

9
:0

0
8
:3

4
:0

0
8
:3

9
:0

0
8
:4

4
:0

0
0
:4

9
:o

o
 :
5
4
:0

u
8
:5

9
:0

0
9
:0

4
:0

0
9
:0

9
:0

o
9
:1

4
:0

0
9
:1

9
:0

0
9
:2

4
:0

0
9
:2

9
:0

0

0
.0

0
2
.2

3
2

.1
3

1
.3

0
1

.0
1

0
.9

4
0

.9
2

0
.0

0
1
.7

2
3
.3

9
9
.6

0
9
.2

9
3
.9

6
ft

.0
3

2
*3

6
0

.0
0

0
.0

0
0

.0
0

0
.0

0
0
.0

0
0
.9

0
0

.4
7

o.
oo

0
.0

0
2
.8

3
7

.2
2

4
.6

1
7
.8

9
1

6
.0

7
1

3
.1

7
9
.9

7
6

.4
1

1
.3

3
0

.0
0

0
.0

0
0
.0

0

TI
ME
: 

F*
OM

» 
» 

  
R
A
I
N
F
A
L
L
 
A
N
D

T
I
M
E
 
I
N
T
E
R
V
A
L

>R
IN

T 
IN
TE
RV
AL

J
U
L
Y

R
U
N
D
F
F
 
I
N
15
t 

1
9
7
7
 

6
:
3
0
:
0
0
 
T
O
 

J
U
L
Y
 
1
5
»
 
1
9
7
7
 

9
:
*
0
:
0
0

i
N
C
H
E
S
t
 
U
I
S
C
H
A
H
G
E
 
I
N
 
C
U
B
I
C
 
F
E
E
T
 
P
E
R
 
S
E
C
O
N
D

OF
 B

AS
IC
 D

AT
A:

 
i.
o 

MI
NU
TE
<S
>

: 
EV
ER
Y

A
C
C
U
M
U
L
A
T
E
D
 

R
A
I
N
F
A
.
L

R
U
N
O
F
F
 

G
A
G
E
 

1

o.
oo

o
0
.
0
0
7

0
.
0
2
0

o.
o^
y

0
.
0
3
5

0
.
0
*
0

0
.
0
*
6

0
.
0
*
9

0
.
0
3
3

0
.
0
6
3

0
.
1
0
5

0
.
1
6
3

0
.
1
4
6

0
.
2
3
3

0
.
2
^
9

0
.
2
6
2

0
.
2
6
2

0
.
2
6
2

0
.
2
6
*

0
.
2
6
2

0
.
2
6
5

0
.
2
7
1

0
.
2
7
1

0
.
2
7
1

0
.
2
7
4

0
.
3
1
5

0
.
3
*
6

0.
37

tt
0
.
*
5
*

0
.
5
3
6

0
.
6
0
0

0
.
6
*
*

0
.
6
6
5

0
.
6
6
5

0
.
6
6
5

0
.
6
6
5

0
.
0
6

0
.
0
1

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
*

0
.
0
7

0
.
1
2

0
.
1
7

0
.
0
6

0
.
1
2

0
.
0
6

0
.
0
1

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

0
.
0
0

o.
ia

0
.
0
3

0
.
0
7

0
.
2
0

0
.
1
6

0
.
0
8

0
.
0
5

0
.
0
0

0
.
0
1

0
.
0
0

0
.
0
0

0
.
0
0

5 
M
I
N
U
T
E
b

A
C
C
U
M
U
L
A
T
E
D
 

W
A
I
N
F
A
L
L
 

A
C
C
U
M
U
L
A
T
E
D
 

*
A

R
A
I
N
 

1 
G
A
G
E
 
2 

3
A
I
*
 
2 

G

0
.
0
6
 

. 
.

0
.
0
7

0
.
0
7

0
.
0
7

0
.
0
7

0
.
0
7

0
.
0
7

0
.
1
1

0
.
1
8

0
.
3
1

0
.
4
8

0
.
5
4

0
.
6
6
 

,
0
.
7
2

0
.
7
4

0
.
7
4

0
.
7
4

0
.
7
4

0
.
7
4

0
.
7
4
 

,
0
.
7
4

0
.
7
4

0
.
7
4

0
.
7
5

0
.
9
3

0
.
9
6

1
.
0
3

1
.
2
4

1
.
4
0

1
.
4
9

1
.
5
4

1
.
5
5

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

> 
i

» 
i

i 
i

i 
i

i 
i

i 
<

> 
<

i 
<

i 
«

i 
i

> 
i

i 
i

> 
<

> 
<

> 
i

> 
<

> 
<

> 
<

> 
i

» 
i

  
<

» 
4

» 
1

1 
1

1 
1

t 
1

1 
1

1 
<

» 
1

» 
<

1 
1

1 
<

1 
<

1 
<

1 
<1 1 1 1 1 » » » > 1 » » » » » 1 1 1 » 1 1 » 1 » » » » » 1 1 1 » ft 1 ft

AC
CU

MU
LA

TE
D

H
A
I
N
 
3



T
I
M
E

9
*
3
*
t
U
O

9
»
3
9
l
O
O
 

9
I
4
0
S
O
U

D
I
S
C
H
A
R
G
E

0
.
2
0

0
.
7
7

0
.
7
3

A
C
C
U
M
U
L
A
T
E
D
 

R
U
M
O
F
F

0
.
6
6
5
 

0
.
6
6
V
 

0
.
6
7
0

R
A
I
N
F
A
.
L
 

G
A
G
E
 

1

0
.
0
0
 

0
.
0
0
 

0
.
0
0

A
C
C
U
M
U
L
A
T
E
D
 

R
A
I
N
 

1

1
.
5
6
 

1
.
5
6
 

1
.
5
6

R
A
I
N
F
A
L
L
 

G
A
G
E
 
2

  . .

A
C
C
J
M
U
L
A
T
E
D
 

*
A
I
N
 
2

    .

R
A
I
N
F
A
L
L
 

G
A
G
E
 
3

  . .

A
C
C
U
M
U
L
A
T
E
D
 

R
A
I
N
 
3

. . .

to
IN

C
H

E
S

 
O

F
 

4U
M

O
r

F
 

s 
0
.6

7
0

R
U

N
O

F
F

 
P

E
M

C
E

M
T

* 
S

4
3

E
1

 
» 

»
2

.9
3

6
S

4
9
C

3
 

«
8
A

8
E

3
 

s

M
E

IG
-t

T
S

t 
6

A
G

E
i 

: 
1

. 
0

0
(»

A
G

E
2 

: 
0
.0

0
G

A
G

E
 3

 
: 

0
.0

0

H
A

IN
F

A
4
.L

 
'

b
 

M
IN

 
M

A
X

IM
U

M
 
R

A
IM

F
A

L
.I

 R
A

T
E

 
Id

 
M

IN
 

M
A

X
IM

U
M

 
tt

A
i^

lF
A

L
J
 

R
A

T
E

 
6

0
 

M
IN

 
M

A
X

IM
U

M
 
R

A
I1

F
A

L
.I

 R
A

T
E

2
«
7
0

1 
.4

*2
 

IN
/H

H
0
.8

1



5.42 Water-Quality Summary Utility Listing Program

The Water-Quality Summary Utility listing program (QWLIST) is a 
set of SAS macros which produces a tabular listing of the core list 
of water-quality constituents. The data are from certain time periods 
(i.e., storms) which are specified by the user.

The QWLIST macro source code is stored in the partitioned data 
set AG4254J.URBAN.SOURCE which resides on the urban disk (VOL=SER=CCD810). 
The input to SAS is specified by the SYSIN data definition card in the 
JCL (figure 5.42.1). First, the macro source library is specified 
(card 5). This causes the QWLIST macro definitions from the library 
to be included in this program run. Next, card 6 indicates that SAS input 
cards follow in the deck. Once a macro has been defined, anytime that 
macro name occurs in the following SAS code that macro code is inserted 
and executed. For example, card 7 causes the code for the macro XDTIME 
to be included at this point during program execution. Macros may 
also be defined anytime during a SAS run which allows flexibility in 
the code.

The storm periods are specified on input data cards by the user. 
These cards are read in by the macro XDTIME. (See section 5.41 and 
figure 5.41.2 for a complete description of the input cards.) The 
macro XDTIME creates SAS observations from the datetime information and 
creates the data get TEMP. Macro XQWTIME converts the character TIME 
value in the QWMASTER data set which was created during WATSTORE 
retrieval to a numeric value. (This will not be necessary at a future 
time when a numeric TIME value is available from QWSAS.) Macro XQWTIME 
then interleaves this data set with TEMP and also adds the start and 
end times of the requested period to each observation from QWMASTER 
during the interleaving. The macro RID takes the resultant data set 
QWTEMP and eliminates any observations not needed for the listing.

The macro QWLIST creates the actual listing. Figure 5.42.2 is 
a table of the core list of constituents. If QWMASTER does not 
contain values for certain of these core constituents, the missing 
indicator, '.', will appear on the listing for that value. Also, 
the message

THE VARIABLE Pxxxxx IS UNINITIALIZED.

will appear in the SAS log notes. There will be a note for each missing 
constituent with the appropriate parameter code listed. For example, 
if discharge values were missing for all samples for this storm, then 
the message

THE VARIABLE P00061 IS UNINITIALIZED, 

would appear in the SAS log.
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COL.1 COL.12
   

Card 1..// JOB
2..// EXEC SAS,TIME=3
3..//QWFILE DD DSN=AG4yyyz.STATEXX.URBAN.QW.VALUES,
4..// DISP=*SHR
5..//SYSIN DD DSN=AG4254J.URBAN.SOURCE(QWLIST),DISP=SHR
6..// DD *
7.. XDTIME
8..254031080191100 770504 07 34 770504 13 31 STORM1
9..254031080191100 770511 04 40 770511 06 59 STORM3
10..
11.. XQWTIME
12.. RID
13.. XQWLIST
14../*
15..//

Figure 5.42.1. SAS and JCL commands for executing QWLIST.
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Parameter Code

00061
00095
00340
00400
00608
00623
00625
00631
00665
00666
00681
00689
01051
31625
70300

Constituent

Discharge
Specific Conductance
Chemical Oxygen Demand
PH
Dissolved NH 3 as N
Dissolved Kjeldahl N
Total Kjeldahl N
Dissolved NC>2 + NC>3 as N
Total Phosphorus as P
Dissolved Phosphorus as P
Dissolved Organic Carbon
Suspended Organic Carbon
Total Lead
Fecal Coliform Bacteria
Dissolved Solids

Figure 5.42.2. Core list of water-quality constituents.
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The run deck consists of job control language (JCL), SAS statements 
and input data cards. The following is a card by card description of 
a sample run deck which is listed in figure 5.42.1. For further 
discussion of the JCL see the CCD User's Guide.

The JCL must be entered in certain card columns as shown (figure 
5.42.1). The SAS statements may be entered in any columns on the 
cards with spaces separating the values except where noted. For a 
complete description of the storm data cards (cards 8-9) see the 
discussion on the XDTIME macro in the RRLIST program description and 
figure 5.41.2.

Card 1.. Job card.
2.. Execute a SAS program using a maximum of 3 minutes

time. 
3-4.. JCL specifying the name of the OS data set which

contains the SAS data set QWMASTER for STATE XX. 
5-6.. Input to SAS will come from the partitioned data set

AG4254J.URBAN.SOURCE. Member QWLIST is specified.
The cards following the '*' are to be concatenated
to the source statements from QWLIST and executed. 

7.. Calls the macro XDTIME which reads the following
input storm data cards which will be used to select
rainfall data.

8-9.. Input storm data cards; see figure 5,41.2 for 
complete description.

10.. SAS null statement signifying end of data.
11.. Calls macro XQWTIME which converts character time 

values to numeric and interleaves the storm date- 
time information into the QWMASTER data set.

12.. Calls macro RID which deletes all unnecessary 
observations from the interleaved data set.

13.. Calls macro XQWLIST which produces the core list 
of water-quality constituents from the selected 
observations.

14-15.. End of step and job

The following pages illustrate a complete sample run. The listing 
includes JCL commands, SAS instructions, and corresponding output. Also, 
Appendix B contains a description of some common errors which may be 
encountered when running QWLIST and some possible solutions.
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5.43 Water-Quality Loads and Loadings Utility Listing Program

The Water-Quality Loads and Loadings utility listing program 
(LOADS) is a set of SAS macros which produce: 1) an Individual 
Basin Chemical Constituent Load and Loading listing for any number 
of constituents and storms; 2) plots of the parameter value versus time, 
load versus time and accumulated load versus time for each constituent 
for each storm; and 3) a Total Loads and Loading listing for each 
storm. Both 1 and 2 above are optional.

The LOADS macro source code is stored in the partitioned data 
set AG4254J.URBAN.SOURCE which resides on the urban disk (VOL=SER=CCD810) 
The member name is LOADS. In the run deck the input to SAS is specified 
by the SYSIN data definition card in the JCL (figure 5.43.1). First, 
the macro source library is specified (card 7). This causes the LOADS 
macro definitions to be included in this run. Next, card 8 indicates 
that SAS input cards follow in the deck. Once a macro has been defined, 
anytime that macro name occurs in the following SAS code that macro code 
is inserted and executed. For example, card 13 causes the code for the 
macro XDTIME to be included at this point during the execution of the 
deck.

A description of the various macros follows.

Macro XDTIME and Macro RID

See the description of macros XDTIME and RID which are included 
in the description of RRLIST (Section 5.41).

Macro XQWTIME

The macro XQWTIME takes the data set QWMASTER as input and converts 
the character TIME value to numeric. The TIME value is in character 
format as an output from QWSAS. In the future a numeric value will be 
available and this step will not be necessary. Once the TIME value 
is in numeric form it is used to create a DATETIME value for each 
observation. The DATETIME value can then be used to merge discharge 
values with the water-quality values. In addition, the macro XQWTIME 
interleaves the storm observations from data set TEMP and adds the storm 
start and stop times to each QWMASTER observation to be used on listings 
during a later step. The output data set is QW.
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COL.1 COL.12
   

Card 1..// JOB
2..// EXEC SAS,OPTIONS='MACROGEN',TIME=3
3..//UVFILE DD DSN=AG4yyyz.STATEXX.URBAN.UNIT.VALUES,
4..// DISP=SHR
5..//QWFILE DD DSN=AG4yyyz.STATEXX.URBAN.QW.VALUES,
6..// DISP=OLD
7..//SYSIN DD DSN=AG4254J.URBAN.SOURCE(LOADS),DISP=SHR
8..// DD *
9.. MACRO INTERVAL 1. %
10.. MACRO DA '14.7' %
11.. MACRO NUMDA 14.7 %
12.. MACRO PC . %
13.. XDTIME
14..254031080191100 770511 04 40 770511 06 59
15..254031080191100 770715 06 30 770715 09 41
16..* ;
17.. PROC PRINT ;
18.. VAR STATION TAG DATETIME ;
19.. FORMAT DATETIME DATETIME16. ; 
20 .. XQWTIME
21.. MACRO PC 60 %
22.. XDTIME
23..254031080191100 770511 04 40 770511 06 59
24..254031080191100 770715 06 30 770715 09 41
25..* ;
26.. DATA DISCH ;
27.. SET TEMP UVFILE.UVMASTER ;
28.. BY STATION PARMCODE DATETIME ;
29..* ;
30.. DATA UV1 (RENAME=(TAG1=TAG VALUE=DISCH)) ; 
31 .. SET DISCH ;
32.. RID
33.. DATA QW1 (RENAME=(TAG1=TAG)) ;
34.. SET QW ;
35.. RID
36.. MACRO CHEMNAME 'TOTAL NITROGEN ' %
37.. MACRO VPCODE P00625 %
38.. MACRO PCODE '00625' %
39.. XSLOPE
40.. MACRO XPRINT 1 %
41.. MACRO PINTER 5 %
42.. XLOADTAB
43.. XFIRSTTL
44.. XPLOTS
45.. MACRO CHEMNAME 'TOTAL PHOSPHORUS AS P' %
46.. MACRO VPCODE P00665 %
47.. MACRO PCODE '00665' %
48.. XSLOPE
49.. XLOADTAB
50.. XTOTLOAD
51.. XPLOTS
52.. XTOTLIST
53../*
54..//

Figure 5.43.1. SAS and JCL commands for executing LOADS.
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Macro XSLOPE

The LOADS program uses a linear interpolation to estimate the 
constituent values between the sample points. For points before the 
first sample point the constituent value at the first sample point is 
used and for points after the last sample point the constituent value at 
the last point is used. The XSLOPE macro calculates the slopes (S) and 
intercepts (B) of these lines. Since each sample point is the first 
point of one of the approximation lines, that slope and intercept are 
assigned to it. Any point which comes after this sample point and before 
the next is given an approximated constituent value based on this slope 
and intercept. The output from this step is data set SLOPE. Macro XSLOPE 
prints a listing of SLOPE called Slopes and Intercepts calculated from 
Sample Points. An example of this listing can be seen in the sample 
LOADS run. The output includes the following information:

STATION Station identification for the data. 
TAG Storm number. 
PARAM Constituent value. 
DATETIME Date and time of measurement. 
INDSRUN Indicates the first and last sample 

point for each storm.

The constituent name and parameter code are also listed.

In the next step of the XSLOPE macro the data set SLOPE is merged 
with the data set UV1 which has the selected discharge measurements. The 
output data set of this step is QWUV. This data set has all the information 
for interpolating the constituent values at the times when discharge 
values are available. The XSLOPE macro makes these calculations, and the 
results are stored in the data set FINAL.

Macro XLOADTAB

The macro XLOADTAB creates the Individual Basin Chemical 
Constituent Load and Loadings listing from the information in the data 
set FINAL. For each DATETIME the listing has the following information;

Discharge
Time interval data: constituent value

load 
loading 

Accumulated data: load
loading 
accumulated runoff

The macro assumes that the data exists in certain intervals, INTERVAL 
(min), specified on a macro card in the run deck, and that no data is 
missing. The load is calculated with the following equation

TIMEX = 60. * INTERVAL ;
LOAD = C * DISCH * PARAM * TIMEX
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where C is a conversion constant 6.245 x 10"^; DISCH is the instantaneous 
discharge in cubic feet per second and PARAM is the constituent value 
for that particular time in mg/L and TIMEX is the interval in seconds. 
The accumulated runoff is calculated by the following formula:

ACCRUN = (ACCDIS * INTERVAL/1440.)/ 
((NUMDA/640.) * 26.9)

where
ACCDIS Accumulated discharge 
INTERVAL Interval in minutes 
NUMDA Drainage area in acres

If the Individual Basin Chemical Constituent listing is desired 
set MACRO XPRINT to 1 (figure 5.43.1, card 40), if not, set MACRO XPRINT 
to 0. The size of the listing can be changed by MACRO PINTER. If 
MACRO PINTER is 1, every time will be included in the listing. If MACRO 
PINTER is 5, every fifth time will be listed. In the example (figure 
5.43.1) the data interval is 1 minute and PINTER is 5, therefore, the 
table will list load and loadings for every fifth minute.

Macro XPLOTS

The macro XPLOTS produces three plots for each constituent for 
each storm. The plots are parameter value versus time, load versus time, 
and accumulated load versus time. The macro uses values which are 
stored in the data set PLOTDATA by macro XLOADTAB. If the plots are not 
wanted then do not include the XPLOTS card in the run deck sequence for 
that particular constituent.

Macro XTOTLOAD

The macro XTOTLOAD merges all the total load listing information 
which has been produced for this constituent together into a temporary 
data set called TOTLOAD2. The next step is to merge this information 
into the permanent total loads data set TOTLOAD as a SAS update. Any 
observations with the same STATION, TAG, and PARMCODE values will be 
replaced by the new total loads information calculated here. Any 
observations from TOTLOAD2 which do not have a match in TOTLOAD will be 
added to it.

For the first time only, specify the macro XFIRSTTL which will 
copy TOTLOAD2 into XTOTLOAD for the first constituent. For the 
second and succeeding constituents use macro XTOTLOAD which will 
update XTOTLOAD with the newest load values and add to the data set.

Each observation in the TOTLOAD data set has the information 
listed in figure 5.43.2.
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Variable Description

STATION Station identification
TAG Storm number
START Storm start time
ENDTIME Storm end time
PARMCODE Constituent parameter code
CNAME Constituent name
NUMSAMPT Number of sample points
ACCLOAD Total load
ACCLOADG Total loading
SLOAD Total sample load
SLOADG Total sample loading
ACCRUN Total runoff
ACCSRUN Total sample runoff
PERCENT Percent runoff sampled
TOTNUMPT Total number of points

Figure 5.43.2. Contents of data set TOTLOAD,
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Macro XTOTLIST

The macro XTOTLIST creates the Total Basin Chemical Constituent 
Loads and Loading table from the data set TOTLOAD. The sampled load 
and loading are the load and loading calculated between the first and 
last sample points. The rest of the table is self explanatory. A 
separate listing is made for each storm.

Run Deck Description

The run deck consists of job control language (JCL), SAS statements 
and input data cards. The following is a card by card description of 
a sample run deck (figure 5.43.1). For further discussion of the JCL 
see the CCD User's Guide.

The JCL must be entered in certain card columns as shown (figure 
5.43.1). The SAS statements may be entered in any columns on the cards 
with spaces separating the values except where noted. For a more complete 
description of the storm data cards see the discussion on XDTIME macro 
and figure 5.41.2.

Card 1.. Job card.
2.. Execute a SAS program for a maximum of three minutes.
3-4.. Specifies the OS data set containing the SAS data 

set UVMASTER for state XX. Specify data set 
disposition (DISP) equals SHR since the data set will 
not be written on.

5-6.. Specifies the OS data set containing the SAS data 
set QWMASTER for state XX. Specify data set 
disposition (DISP) equals OLD since the data set 
will be written on.

7.. The macro source for the LOADS program is contained 
in member LOADS of the partitioned data set 
AG4254J.URBAN.SOURCE.

8.. Concatenate the following cards to the SAS input.
9.. Defines the macro INTERVAL, the data interval.
10.. Defines the macro DA, character drainage area for the 

listing; put the value in single quotes.
11.. Defines the macro NUMDA, the drainage area for 

computations (in acres).
12.. Defines the macro PC, the parmcode for selecting the

water-quality data; set to the SAS missing indicator.
13.. Calls the macro XDTIME which reads the following

input storm data cards which will be used to select
water-quality data from QWMASTER. 

14-15.. Input data cards describing the data sequences needed
for the loads computation. See fig. 5.41.2 for a complet
description of the cards.
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Card 16.. SAS comment card indicates end of data.
17-19.. Optional SAS statements to list the data set TEMP

created by XDTIME. This data set contains the storm 
start and end times.

20.. Calls the macro XQWTIME.
21.. Defines the macro PC/ the parameter code for the discharge.
22.. Calls the macro XDTIME which reads the following input

storm data cards which will be used to select the
discharge observations from UVMASTER. 

23-24.. Input data cards describing the data sequences needed
for the loads computation. See fig. 5.41.2 for a complete
description of the cards.

25.. SAS comment card indicates end of data. 
26-28.. SAS statements which interleave the data set TEMP

created by macro XDTIME with the unit values data
set UVMASTER. The resultant data set is called DISCH. 

29.. Optional SAS comment card. 
30-32.. Calls the macro RID which deletes all unnecessary

observations from DISCH. The remaining observations
with discharge data are in data set UV1. 

33-35.. Calls the macro RID which deletes all unnecessary
water-quality observations from the data set QW.
The remaining observations with water-quality data
are in data set QW1.

36.. Defines the macro CHEMNAME, a short description of 
the constituent under consideration.

37.. Defines the macro VPCODE which is the variable name 
constructed from the parameter code, i.e., Pxxxxx, 
where xxxxx is the parameter code.

38.. Defines the macro PCODE which is the parameter code 
in single quotes for listing.

39.. Calls the macro XSLOPE which extrapolates and interpolates 
the constituent values for the selected discharges.

40.. Defines the macro XPRINT. If XPRINT is 1, the Individual 
Basin Chemical Constituent Load and Loadings listing will 
be listed. If XPRINT is 0, it will not. This value will 
hold for the rest of the run deck unless another XPRINT 
card is included.

41.. Defines MACRO PINTER the print interval.
42.. Calls the macro XLOADTAB, which creates the individual 

listing and does the load and sample load calculation. 
Total load information is created and stored in the data 
set TOTLOAD2 and information for plots is saved in the 
data set PLOTDATA.

43.. Calls the macro XFIRSTTL which creates the permanent
data set TOTLOAD with the total load information from 
the data sets TOTLOAD1 and TOTLOAD2. Note card 50 where 
XTOTLOAD is used for the second constituent and all 
others thereafter.

44.. Calls the macro XPLOTS which creates a series of three 
plots for each storm: 1) parameter value versus time; 
2) load versus time; and 3) accumulated load versus time.
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Card 45-51.. Cards for processing the second constituent with the
same purposes as cards 37-44* 

52.. Calls macro XTOTLIST to create total loads listing
for each storm from information in the data set
TOTLOAD. 

53-54.. End of step and job

The following pages illustrate a complete sample run. The listing 
includes JCL commands, SAS instructions, and corresponding output. Also, 
Appendix B contains a description of some common errors which may be 
encountered when running the LOADS program and some possible solutions.
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APPENDIX A

Information About SAS Data Sets

The basic unit that SAS works with is the data value. A data 
value is a single measurement such as rainfall amount. The data values 
associated with a single entity make up an observation. For example, 
an observation might include data values for a storm event like rainfall, 
runoff, or water-quality data. A SAS data set is a collection of 
observations or at the lowest level, a collection of data values.

A major purpose of the DATA step in SAS jobs is to create one or 
more SAS data sets from input data lines. In addition, many SAS procedures 
create SAS data sets containing the results of their calculations.

These data sets may be used later in the SAS job for such file- 
handling operations as subsetting, merging, and updating, or they may 
be used as input to SAS procedures.

SAS data sets have a special structure, and contain not only the 
data values but also documentation for the data values, including the 
variable names and labels, the date and time of their creation, the 
SAS statements that were used to create them, and information about 
their physical location on the storage medium.

When SAS creates a SAS data set, the data set is put into a SAS 
data base, an Operating System (OS) file that can contain many SAS 
data sets. Its structure is much like that of a partitioned data set, 
which can contain many members but it is not the same and does not 
require periodic compression as does a partitioned data set.

The default action of SAS is to store SAS data sets in a temporary 
SAS data base. A user asks SAS to store SAS data sets in a permanent OS 
data set, so that they will be available for later jobs.

Allowable Number of SAS Data Sets

The number of SAS data sets is limited to 40 for any one OS 
data set, or in other words, one OS data set can have as many as 
40 SAS data set members.

Computation of OS Data Set Size

In the previous chapters of this report, reference was made to 
the SPACE parameter specifications on the JCL cards that defined a 
newly created OS data set. A reference is as follows:
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COL.1
 

Card 1..//BCFILE DD DSN=AG4yyyz.ST ATEXX.URBAN.BASIN.STORM.DAT A, 
2 . . // DISP= ( NEW, CATLG ) , DCB=DSORG=DA, 
3. .// SPACE=(TRK, (N1 ,N2) ,RLSE) ,UNIT=3330-1 ,VOL=SER=CCD810

On Card 3 above, the following variables are as follows:

SPACE = Parameter option for space to contain OS data set. 
TRK = Request OS data set allocation to be so many tracks of

disk space* In addition to request for space by tracks,
cylinders (CYL) or blocks (BLK) may be requested instead.
Cylinders are a certain number of tracks, for example,
20 tracks equal one cylinder. Blocks are an allocation
request for a certain number of bytes. 

N1 = Primary number of tracks requested for establishment of
data set. 

N2 = Up to 15 N2 secondary allocations generated to contain OS
data set being established.

The number of tracks needed for a particular OS data set can be 
computed from the following algorithm.

N1 = 2 + (NOBS/(13030/(LEN + 4)))

where
NOBS = Number of observations 
LEN = Length of an observation in bytes which is the number

of data values times the word length. The default word 
length is 8 bytes. If data values contain character data 
or numeric values of length other than 8 bytes, then 
sum the lengths for all the variables.

SAS provides during execution a built-in printed report that informs 
the user of the number of observations per track. Therefore, this 
information can be used instead of the above formula for computing 
the required space.
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APPENDIX B

Common Errors and Possible Solutions

1. Problem: The SAS data set WORK.TEMP created by macro XDTIME 
is unsorted.

To correct: Make sure all storm interval cards (figure 5.41.2) 
are in correct order by station identification 
number and start date. Be certain that no error 
was made keying in the station identifiers and 
dates which would create erroneous values.

2. Problem: The data set created using storm interval cards which 
should contain the selected unit, daily or water- 
quality observations has zero observations or less 
observations than expected.

To correct: Make sure that correct start and end dates and
times are specified on the storm interval cards. 
Also, examine UVMASTER, DVMASTER, or QWMASTER 
where appropriate to verify that the specified 
observations are in the data set. The retrieval 
or update to create the data may have failed.

3. Problem: In the RRLIST program, runoff values are not as expected

To correct: Verify that the macros NUMDA (drainage area) and 
DINTERV (data interval in minutes) are specified 
correctly in the RRLIST job deck.

4. Problem: In the LOADS program, the loads values are not 
as expected.

To correct: Verify that the macros NUMDA (drainage area) and 
INTERVAL (data interval) are specified correctly 
in the LOADS run deck.

5. Problem: In the LOADS Program, several 'missing values created 1 
messages appear on the job output.

To correct: Make sure that correct station identification
numbers and start and end times are specified on 
both water-quality and discharge storm interval 
cards. Also, verify that the requested data 
are in the respective data sets.

One water-quality value does not define an 
interval over which the LOADS program can interpolate 
values.
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6. Problem: In RRCARD or QWCARD programs, only one card group 
remains in the final data set when several were 
expected.

To correct: Verify that a

MACRO XPUTFILE CARDX OLD %

(figure 5.321.1, card 30) is included in your deck 
only before the cards that create the first group 
of output cards and that a

MACRO XPUTFILE CARDX MOD %

is included before the program cards that create 
the second group of output cards. The disposition 
OLD sets the data set position pointer to the top 
of the data set and writes over any records which 
are already there. A data set disposition of MOD 
sets the data set position pointer after any 
records already in the data set and adds records 
to the data set.

7. Problem: Data set QW2 is unsorted in the LOADS program.

To correct: Check that the data set QWMASTER is sorted keeping 
in mind that any missing values are considered less 
than other values. In particular, check for any 
missing dates and times which would result in 
missing datetime values.

Problem: In RRCARD, messages about gaps and duplicate 
observations appear on the program listing.

8.

To correct: Examine the daily value (DVMASTER) data set
being processed. Gaps in the data record are 
legal when soil moisture accounting by the model 
is not required over this gap. Duplicate 
observations should be removed from the data set.
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9. Problem; When doing an update to a SAS data set and storing
the result in the same data set/ a SAS error message 
indicates that the space allocated to the data set 
has been exceeded; but the user calculates that there 
is sufficient space.

To correct: When SAS performs an UPDATE of a data set, SAS 
tries to create the new copy on disk before 
disposing of the old copy. Therefore, the data 
set must be large enough to hold both copies. 
When dealing with large data sets, this can be a 
problem. To avoid this problem (assuming that the 
updated data set really will fit into the allocated 
space) create a temporary SAS data set and then 
copy the updated data set out to the original 
data set. For example:

DATA TEMPUV;
SET UVFILE.UVMASTER;
DATA TEMPUV;
UPDATE TEMPUV UVUPDATE;
DATA UVFILE.UVMASTER;
SET TEMPUV;

Before writing over any old data set, make sure 
the new result is correct.
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