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Load estimates for water-quality monitoring sites that 
are not collocated with the associated streamflow monitor-
ing sites are less certain due to uncertainty in the estimates of 
daily streamflow because the streamflow record for these sites 
had to be estimated based on an area-weighted adjustment of 
streamflow record from the nearby gage. Load estimates for 
water-quality sites for which the corresponding streamflow 
gage record is relatively short also are less certain due to 
uncertainty in estimating long-term mean streamflow. Loads 
estimated based on streamflow records shorter than 5 years 
may be biased due to short-term variation in streamflow, for 
example below-normal streamflow for 3 consecutive years. 
Estimates based on streamflow record of 5 years or less were 
screened for this bias by comparing the value of mean annual 
streamflow computed from the streamflow record with the 
value of runoff computed from the Unit Runoff Method 
(Bondelid and others, 1999); the sites for which these values 
differed by more than 40 percent were excluded from further 
analysis. These sites (17) are listed in the file SAGT_monitored-
load.xls (700 KB) along with information about station location 
and record; load estimates are not shown for these sites.

Characteristics of Monitored Mean Annual 
Nitrogen and Phosphorus Load and Streamflow

Estimates of observed mean annual nitrogen and phos-
phorus load and mean annual streamflow, normalized to the 
base year 2002, are summarized in table 3. To facilitate spatial 
comparisons of instream loads at sites draining watersheds of 
differing size and streamflow characteristics, the load esti-
mates at each site were scaled in two ways. First, the load esti-
mate was divided by the total upstream area for the monitoring 
site, producing an estimate of yield in kilograms per hectare 
per year. Estimates of yield are useful for comparisons among 
sites of mass output, and comparison with inputs in a mass 
balance analysis. Second, the load estimate was divided by the 
mean annual streamflow at the monitoring site, producing the 
equivalent of the flow-weighted mean of the model-estimated 
daily concentrations in milligrams per liter. Estimates of flow-
weighted mean concentration are useful for evaluating average 
water-quality conditions at the site and for comparisons with 
national datasets. For the purpose of spatial comparisons of 
mean annual streamflow among sites, the streamflow estimate 
at each site was scaled by dividing by the total upstream area, 
producing an estimate of runoff rate over the upstream area in 
inches per year. 

Nitrogen
The mean value of the nitrogen yield estimates, normal-

ized to 2002, for the 637 stations in the SAGT area for which 
nitrogen load could be estimated is 4.7 kilograms per hectare 
(kg/ha), median value is 3.8 kg/ha, and 10- and 90-percentile 
values are 1.9 and 7.7 kg/ha, respectively (table 3). This dis-
tribution is placed in context with the national distribution of 

stream nitrogen yield, by comparing with estimates of mean 
annual nitrogen yield for 477 sites monitored by the NAWQA 
Program during 1992–2001 (Mueller and Spahr, 2005). The 
median value of nitrogen yield estimates for the SAGT area 
(3.8 kg/ha) is similar to the median value for the national set 
(4.1 kg/ha); however the 90-percentile value for the national 
distribution is much larger (22 kg/ha compared to 7.7 kg/ha), 
as is the mean value for the national distribution (8.1 kg/ha 
compared to 4.7 kg/ha) (table 3).

The spatial pattern of mean annual nitrogen yield for 
2002 is shown in figure 6, along with the boundaries of the 
hydrologic subregions. The highest 10 percent of observations 
of nitrogen yield (>7.9 kg/ha) occur at sites throughout the 
SAGT area; however, clusters of high-yield observations occur 
in the Peace-Tampa Bay subregion (0310), near metropolitan 
areas in central Georgia, Alabama, and North Carolina, and 
in the northeastern part of the Mobile-Tombigbee subregion 
(0316). The lowest 10 percent of observations of nitrogen 
yield (<1.9 kg/ha) occur throughout the eastern half of the 
SAGT area, and especially in the Chowan-Roanoke (0301) and 
Peace-Tampa Bay (0310) subregions.

The spatial pattern in monitored nitrogen yield was evalu-
ated with respect to the hydrologic subregion boundaries using 
Tukey’s multiple comparison test. Although nitrogen yield 
distribution overlapped among many subregions, distribu-
tions between some subregions were sufficiently different 
(at alpha = 0.05) to enable the division of the subregions into 
three groups: (1) the Lower Tennessee subregion (0603 and 
0604) with consistently high observations of yield (mean value 
12 kg/ha); (2) a grouping of 8 subregions with consistently 
low observations of yield (mean value <3.9 kg/ha), including 
the Chowan-Roanoke subregion (0301), the drainages to the 
Atlantic in South Carolina and Georgia, and three drainages 
to the Gulf (Suwanee, Ochlockonee, and Choctawhatchee-
Escambia subregions; 0311, 0312, and 0314, respectively); 
and (3) a grouping of 11 subregions with yield observations 
ranging too widely within each subregion to permit character-
ization as consistently high or low. The hydrologic subregion 
framework is clearly not appropriate for delineating regions 
of relatively homogeneous nitrogen yield in the SAGT area; 
however, the subregion boundaries are useful for describing 
certain local-scale patterns. 

The mean value of nitrogen flow-weighted mean con-
centration for the SAGT station set is 1.2 mg/L, median value 
is 0.95 mg/L, and 10- and 90-percentile values are 0.47 and 
2.0 mg/L, respectively (table 3). As with estimates of yield, 
values of flow-weighted mean concentration for the SAGT 
area for mean and 90-percentile values are substantially lower 
than the national set. The spatial pattern of mean annual 
nitrogen flow-weighted concentration for 2002 is shown in 
figure 6B. Nitrogen yield and nitrogen flow-weighted mean 
concentration for monitoring sites in the SAGT are strongly 
correlated (r2 = 0.68), suggesting that, in general, concentration 
variability explains variability of yield (fig. 7). In many cases, 
however, sites with the highest observations of nitrogen flow-
weighted concentration do not have the highest observations 
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Figure 6B.  Mean annual nitrogen flow-weighted mean concentration estimated from stream monitoring data from 637 sites in the 
SAGT river basins, normalized to 2002.
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of nitrogen yield. For many of the sites in the St. Johns and 
Peace-Tampa Bay subregions with flow-weighted mean con-
centration among the highest (>2.0 mg/L) in the SAGT area, 
observations of nitrogen yield are among the lowest in the 
SAGT area (<1.0 kg/ha) (figs. 6 and 7). Conversely, many sites 
with relatively high yield values have relatively low values 
of flow-weighted concentration, such as sites in the Coosa-
Tallapoosa subregion (0315) (fig. 6).

The noted divergence from a directly proportional rela-
tion is due to the fact that flow-weighted mean concentration 
varies as a function not only of mass yield, but also of stream-
flow yield, or runoff. The discrepancies between the spatial 
distribution of high and low values for nitrogen yield com-
pared with the spatial distribution of nitrogen flow-weighted 
mean concentration (figures 6A and 6B) are, therefore, a 
function of differences in streamflow yield. Streamflow yield 
is relatively low for many sites in the St. Johns (0308) and 
Peace-Tampa Bay (0310) subregions, and relatively high 
for many sites in the Coosa-Tallapoosa (0315) and Upper 

Tennessee (0601 and 0602) subregions (figure 8A). The 
general pattern of variation in streamflow yield for the SAGT 
area is evident from the contoured surface prepared by Gebert 
and others (1987) and shown in figure 8B: streamflow yield is 
generally higher (>20 inches) in drainages to the Gulf extend-
ing eastward to the Ochlockonee subregion (0312) and in the 
Tennessee River basin, and generally lower (<20 inches) in 
drainages to the Atlantic and in the Peace-Tampa Bay (0310) 
and Suwanee (0311) subregions. 

The influence of streamflow yield on the relation between 
yield and concentration is illustrated in figure 7 by the three 
lines showing the expected value of yield for a specified value 
of flow-weighted mean concentration assuming a specific 
streamflow yield of 11, 16, or 26 inches, which corresponds 
with the 10, 50, and 90 percentile of the distribution of 
streamflow yield for the load estimation sites in the SAGT 
area. For sites with low values of streamflow yield (plotting 
position to the left of the 11-inch line), nitrogen yield may be 
relatively low (<3 kg/ha) and flow-weighted concentration 

relatively high (>2 mg/L). 
Conversely, for some sites 
with high values of stream-
flow yield (plotting position to 
the right of the 26-inch line), 
nitrogen yield is relatively high 
(>20 kg/ha) and flow-weighted 
mean concentration relatively 
low (1.4 mg/L). Many of the 
sites with streamflow yield 
<11 inches or greater than 
26 inches are located in drain-
age basins influenced by large 
springs (Miller, 1990) or los-
ing reaches (Rumenik, 1988).

Variation of streamflow 
yield in the SAGT area is 
caused by variation in the 
volume of water from pre-
cipitation that is available for 
direct runoff, termed excess 
precipitation (fig. 8B). Calcu-
lated as the difference between 
precipitation and potential 
evaporation, estimates of 
excess precipitation (Wolock 
and others, 2003) correspond 
closely to contoured values 
of streamflow yield for most 
of the SAGT area. In many 
areas in Florida, however, 
contoured streamflow yield 
does not compare closely with 
estimates of excess precipita-
tion because streamflow yield 
is affected by factors other 
than direct runoff from the 
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Figure 7.  Relation of nitrogen flow-weighted mean concentration to nitrogen yield and 
runoff rate for the SAGT river basins. 
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Data Files
Geospatial datasets are available to download as Arc Info 

shapefiles (zipped using Winzip). Data files of attributes are 
available to download in Excel (version 2003) format and in 
tab-delimited text format. Each Excel workbook contains a 
data sheet and a sheet (named README) with variable name 
definitions and notes. 

Description
Downloadable datafile and 

metadata

Section of  
report  

describing data
SAGT ERF1_2 

digital segmented 
network (geospa-
tial dataset)

erf1_spar.zip (5.1 MB), 
erf1_spar.html

Hydrologic 
network of 
reaches and 
associated 
catchments

SAGT ERF1_2 
segmented catch-
ments (geospatial 
dataset)

shed_cov.zip (13 MB), 
shed_cov.html

Hydrologic 
network of 
reaches and 
associated 
catchments

Catchment-level 
estimates of water-
shed and reach at-
tributes evaluated 
for incremental 
catchments and 
reaches

Excel version: SAGT_
ERF1_input.xls.
zip (2.1 MB) (meta-
data included in the 
README sheet)

Textfile version:
SAGT_ERF1_input.txt 

(2.1 MB), README_
SAGT_ERF1_input.txt

Watershed at-
tributes, reach 
attributes

Estimates of water-
shed attributes 
accumulated for 
the total upstream 
watershed contrib-
uting to the reach 
segment

Excel version: SAGT_ac-
cumulatedfortotalwa-
tershed.xls.zip (2.1 MB) 
(metadata included in the 
README sheet)

Textfile version:
SAGT_accumulated-

fortotalwatershed.txt 
(2.3 MB), README_
SAGT_ERF1_input.txt

Accumulation 
of catchment-
level estimates 
of watershed 
attributes to es-
timates for the 
total upstream 
watershed

Monitoring sites, 
station character-
istics, and nutrient 
load estimates

Excel version:
SAGT_monitoredload.xls 

(700 KB) (metadata in-
cluded in the README 
sheet)

Textfile version:
SAGT_monitoredload.txt 

(28 KB), README_
SAGT_monitoredload.txt

Mean annual 
nitrogen and 
phosphorus 
load at stream 
monitoring 
sites

Routines used to modify nutrient-constituent concentra-
tion data for load estimation are available to download in SAS 
(version 9) format and in text format. 

Description
Downloadable  

program file

Section of  
report  

describing data
Reformats the water-

quality data file from 
modernized STORET 
(tilde-delimited) to 
a SAS datafile in 
the format used by 
Fluxmaster (more 
details provided in 
paragraphs following 
this table)

Reformat_ModSTORET_
WQdata.sas (42 KB)

Text version: Reformat_
ModSTORET_WQ-
data.txt (42 KB)

Review and 
revision of 
nutrient con-
centration 
results

Resolves the differ-
ences among data 
sources in the format 
or convention for re-
cording results (more 
details provided in 
paragraphs following 
this table)

Convert_remarkcoding_
and_otherproblematic.
sas (16 KB) 

Text version: Convert_re-
markcoding_and_
otherproblematic.txt 
(16 KB)

Review and 
revision of 
nutrient con-
centration 
results

Assigns or calculates a 
value for a total nitro-
gen (TN) parameter 
code, P60000, and 
for a total phospho-
rus (TP) parameter 
code, P66500 (more 
details provided in 
paragraphs following 
this table)

Combine_nutrient_
constituents.sas 
(8 KB)

Text version : Combine_
nutrient_constituents.
txt (8 KB)

Review and 
revision of 
nutrient con-
centration 
results

The file “Reformat_ModSTORET_WQdata.sas” refor-
mats the water-quality data file from modernized STORET 
(tilde-delimited) to a tab-delimited file, interpreting informa-
tion from several variables (characteristic name, sample frac-
tion, and media) into an assignment of parameter code (pcode) 
following the convention used in Legacy STORET and in 
NWIS, and populating the associated remark code variable for 
results below detection. The tab-delimited file is then converted 
to a SAS datafile in the format (one line per sample) used by 
the load estimation program Fluxmaster (Schwarz and others, 
2006). Multiple stations may be included in the analysis.

The program “Convert_remarkcoding_and_otherprob-
lematic.sas” resolves the differences among data sources in 
the format or convention for recording results, by revising the 
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data records retrieved from Legacy and Modernized STORET 
to match the NWIS format or convention. (The load estima-
tion program, Fluxmaster, is programmed to work with data 
coded using the NWIS convention.) This routine also corrects 
cases of obviously erroneous concentration results, such as 
extremely large values. 

Summary of changes for legacy STORET data records:

Replace the nonsense numbers (positive and negative) 1.	
with missing values.

Replace the zero and negative values that indicate below 2.	
detection with appropriate detection limit values, and set 
remark code to ‘<’.

Replace all remark codes that mean ‘<’ (K and U) with ‘<’.3.	

Replace remark codes that mean ‘>’ (L) to ‘>’.4.	

Summary of changes for modernized STORET data records:

For less than result for which detection-limit was not 1.	
available in the retrieved data in order to populate the 
value field (P field) during reformatting: set value field 

equal to a reasonable estimate of detection limit (75 per-
centile of all detection limits reported in the SAGT project 
dataset from STORET, which can be obtained from distri-
bution of values in the detection-limit field, or D field). 

Replace all remark codes that mean ‘<’ (U) with ‘<’.2.	

The program “Combine_nutrient_constituents.sas” 
assigns or calculates a value for a total nitrogen (TN) param-
eter code, P60000, and for a total phosphorus (TP) parameter 
code, P66500. The code P60000 is assigned a value equal to 
P00600; or if P00600 is missing, it is calculated by combining 
total Kjeldahl nitrogen results and nitrate results (if available), 
or by combining ammonia nitrogen results, organic nitrogen 
results, and nitrate results. The code P66500 is assigned a 
value equal to P00665, or if P00665 is missing, it is calculated 
by combining dissolved and suspended phosphorus (if avail-
able, although this is rarely the case). The rules for combining 
results include how to handle the case of one or more of the 
constituents having censored values, and how to populate the 
remark code for the calculated parameter.
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