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Hydrologic Network of Reaches and
Associated Catchments

The SPARROW modeling framework is a hydrologic
network of stream- or reservoir-reach segments and associated
catchments. The network is used to determine flow pathways
between the sources of the modeled constituents and the loca-
tions of water-quality monitoring sites; the downstream end of
each reach corresponds to a model computation node.

The hydrologic network used for the SPARROW model
of the SAGT river basins (fig. 2) is based on USEPA’s
1:500,000-scale Reach File 1 (RF1), a national dataset of more
than 60,000 stream segments (about 8,000 within the SAGT
area) that describes surface-water flow paths using from-node
and to-node topology (Dewald and others, 1985; U.S. Envi-
ronmental Protection Agency, 1996). USEPA’s RF1 has been

enhanced (Alexander and others, 1999; Nolan and others,
2002) to support national- and regional-scale water-quality
modeling. Each stream segment (also referred to as a reach)
in the Enhanced River Reach File 2.0 (ERF1_2) includes
additional attributes such as estimates of mean time of travel
in river reaches and reservoirs and catchment drainage area
derived from 1-kilometer elevation data.

The ERF1_2 reach set was further enhanced for the
SAGT nutrient SPARROW model by inserting 433 segment
boundaries, which was accomplished by splitting 433 reaches
into two segments each. The locations of the added boundar-
ies, and thus of the added model computation nodes, corre-
spond with the locations of sites where mean annual nutri-
ent load could be estimated from monitoring data. Methods
similar to those used by Brakebill and others (2001) for the
Chesapeake Bay SPARROW model were used to create the
additional reach segments: (1) load estimation sites were
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Figure 2.

lllustration of the network of stream segments and catchments used as model framework for the SAGT SPARROW model.



identified on the ERF1_2 stream network; (2) for sites located
in the middle of a stream reach, the reach was split at that
location; and (3) a unique node and reach were added to the
upstream portion of the split reach. The values assigned for the
unique reach identifier (variable name wshed) for the segments
added to the ERF1_2 through this procedure were selected
from the unassigned series (65,747 through 79,000) of values
in ERF1_2, to maintain the unique identifier in the data model.

The geospatial dataset defining the SAGT ERF1_2 digital
segmented network is available as a compressed Arcinfo
shapefile (erf1l_spar.zip, 5.1 megabytes, MB); with metadata
descriptions (erf1_spar.html, 213 kilobytes, KB). Reach iden-
tification and connectivity information also are available in the
data file SAGT_ERF1_input.xls.zip (2.1 MB).

The drainage boundary for the catchment associated
with each of the 8,421 reach segments in the SAGT ERF1 2
set was delineated to create an area or zone for summarizing
attribute data that could be associated to individual reaches. In
this report, the terms catchment and incremental area are used
interchangeably to refer to the local area that drains directly
to a reach. The source for the drainage area delineation was
a 100-meter resolution elevation dataset resampled from the
30-meter National Elevation Dataset (NED) (Falcone, 2003).
The elevation data were forced to conform to the ERF1 2
reach segments with the insertion of a raster representation of
the streams into the elevation data. The process, also referred
to as “stream burning” (Saunders, 2000) uses a tool developed
by Hellweger and Maidment (1997) to create an artificially
low stream channel to ensure that the elevation surface would
flow towards the stream segments. Depressions and sinks
were removed from the elevation dataset and the streams were
incorporated, then individual watersheds (catchments) were
created around every uniquely identified stream reach. The
geospatial dataset defining the SAGT ERF1_2 segmented
catchments is available as a compressed Arc Info shapefile
(shed_cov.zip, 13 MB) with metadata descriptions (shed_cov.
html, 122 KB). The drainage area for the catchment associated
with each SAGT ERF1_2 reach is included, as variable name
sgkm, in the file SAGT_ERF1_input.XIs.zip (2.1 MB).

Watershed Attributes

The SPARROW model uses a regression equation to
describe the relation between watershed attributes (predic-
tors) and measured instream load (response). The regression
equation is structured to model two different types of effects
of watershed predictors on instream load: source and transport.
Watershed attributes that are considered to describe input con-
ditions, such as atmospheric deposition of nitrogen, fertilizer
application rates, and land cover, are included as source vari-
ables in the regression equation. Watershed attributes that are
considered to affect rates of transport from land to water, such
as characteristics of soil, landform, and climate, are included
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as land-to-water transport variables in the equation. In this
report, the terms land-to-water transport variable and delivery
variable are used interchangeably to refer to the watershed
attributes that quantify the rate at which nutrient inputs to the
land surface are delivered, by both overland and subsurface
transport, to the adjacent stream reach.

Each watershed-attribute dataset has been georeferenced
and allocated to the SAGT ERF1_2 catchment dataset. Unless
otherwise noted, the ZONALMEAN function from the Arc/Info
GRID module (Environmental Systems Research Institute,
2008) was used to allocate average values of the attributes
to every catchment in the network. The catchment areas are
the zones within which values are averaged. For every zone
(catchment), the cells of the attribute variable that overlap the
zone are summed then divided by the number of cells within
the zone; this provides a zonal mean of the attribute for every
catchment, which can be interpreted as the average value for
the catchment.

Nutrient-Source Attributes

Most sources of nutrients are related to human activities:
therefore, inputs from these sources are expected to change
over time. Because temporal variation introduces noise to
spatial comparisons of watershed attributes and instream load,
nutrient-source data prepared for the SAGT nutrient SPAR-
ROW maodels describe conditions for years corresponding as
closely as possible to a single time period. The year 2002 was
selected because of the availability of datasets describing land
cover and agricultural activities.

The watershed attributes considered as nutrient-source
predictors for the SAGT SPARROW models, and the spatial
datasets that were used to represent their distribution, are
described in the following paragraphs. Nutrient sources are
characterized by both mass-based attributes, such as total
annual nutrient mass associated with atmospheric deposition,
and area-based attributes, such as areas of urban or agricultural
land. The catchment-level estimates of nutrient-source attri-
butes are included in the file SAGT_ERF1 input.xls (4.5 MB).

Variability across the SAGT area in catchment-level
estimates for each attribute is described in table 1 and figures 3
and 4. The estimates of mass-based attributes (except point-
source discharge) and area-based attributes are normalized by
the total area of the catchment so that the percentiles of dis-
tribution (table 1) and the mapped distribution (figs. 3 and 4)
illustrate variation in intensity only and are not affected by
variation in catchment size. Most of the attributes considered
as nutrient-source predictors vary greatly across the individual
catchments in the SAGT area; that is, ratio of 90 percentile of
the distribution to 10 percentile of the distribution is greater
than 10 (last column, table 1). Wet deposition of inorganic
nitrogen and area in forested land are the exceptions, varying
only by factors of about 2 and 5, respectively.



Data to Support Statistical Modeling of Instream Nutrient Load Based on Watershed Attributes, Southeastern United States

6

"Apoq Jarem ‘AN OSH :paulelp Aja1enbape aq Ued 1eyl S|I0S 19M UIeLIaD Sapnjoul ‘panem AjyBnoloyy usaym ajel uone|iul Mojs AJaA ‘' 9SH ‘panam Ajybnoioyl usym arel uonelijiul mojs ‘9 9SH
‘panam Ajybnoloyl Usym a1es UoIeI[1ul 81esspow ‘g OSH ‘pansm Ajybnooyy usym arel uoneiul Ybiy ‘v OSH 1200 ‘84N nouby Jo Juswiuredaqd 'S'n wodl ase dnoib j1os 2160]04pAY 10 suoniula( .

v'T 154 6T 8T LT ol T L8 €z LT T1€'8 D sealfiep ueaw Ajrep Jo ueaw 000Z-T.L6T ‘eineladwal Iy Osealfiep 9 dwsiuesw
Ueaw 06-T96T
vz 4% 144 I LT 145 0T T €9 LT 962'8 1A ‘uoprelidsuenodens snuiw uonendiosid JAur - sayour adwd
€T €97°C 2.S'T €9V'T  ¥EE'T 022'T 88T'T 996 ST 85€'T  TTE'8 JAww ueaw 000z-T.6T ‘uonendioaid fenuuy JAjww wiwdioaid
VO J0 V0 40
a§ 0T 280 oro  TT0 ¥0'0 200 000  T€0 920 T1€'8 uonoely %T UeL s3] 8dO|S YA JUBLWLITED JO UOIIORIS uonoeuy ey d
6T 4% 0T §'g S'e LT 950 00 §'S 6V T1E'8 % adojs soeIns-pue] % ueawadojs
6T A} 620 820 G20 120 970 000 900 v2'0 L0€'8  ssajuoisuswip (siuaibels 3001 oy parsnipe jou) J01oe Al|IGIPOIS [10S SS3jUOISUBWIP 0B
Jiun dew
9T 09 09 09 85 14 1€ 0 AL €S L0€'8 aU3 ssoJoe aBuel 3y} 10} anfeA Mo| X201pag 0} yidaQ ul 1dap3o01
uozuoy pue
e Ly 9 4 LT a5 8 0 L LT L0E'8 9% Jake| |10s ssoI0e 8fUel 3U1 10} BN[eA MO| JUBIU0D AB|D % 1Aelo
uoziioy Jo Jake| [10s ss0oe abuel ayy 1oy
ST 70 IT0 9T0  GT0 ¥T°0 ZT0 000 €00 ST0 L0€'8 ‘ulur - enfen ybiy ‘|1os Jo Anoedeo Buipjoy-larem ajqe|reny iy u Uome
uoziloy Jo Jake| [10s SsoIoe ayel Ajige
15 1T € 8T 0T L0 90 000 T ST L0E'8 yur - -swiad Uy abues ayy Joy anjea mof ‘Aujiqeswad 110S yul Jwiad
— 00T g'e 000 000 000 000 000 00T ST 60€'8 VO 10 % #(1318M) M OSH J0 s]10s Aq ureapun eary | gbsy
— 00T z8 Z€ 000 000 000 000 z€ 4 60€'8 VO 10 % #(S18410 pue) @ DSH 40 §]10s Aq urepsspun ealy A sy
— 00T 69 0e 100 000 000 000 6¢ 6T 60€'8 VO 10 % 20 DSH J0 5]10s Aq urejJapun eary | gbsy
— 00T 00T S6 as z’S 000 000 o 8 60€'8 VO 10 % 8 DSH J0 s]10s Aq urejapun eary | Zbsy
— 00T ¥2'0 000 000 000 000 000  8T0 90°0 60€'8 VO 10 % 2V OSH J0 5]10s Aq urejJapun eary o 16sy
sanquye podsuely Jualiny
— 909'€06'€ 9TS 000 000 000 000 000 9/0'st  ¥.9'T Te¢E'8 JA/B>  aBreyosip Jeyemersem papiwiad ul ssew snioydsoyd IA/Bx 20 dby
— 2L1'280'C 600'€ 000 000 000 000 000 000'Gy  8TT'9  T2€'8 1A/ aBeyosip Jaremarsem paniwisd ul ssew usbosnN 1A/B3 20 uby
69 €8 Sl 9¢ ST 250 110 000 TS T¢e 60€'8 JA7ey/Bx uononpoid 3201saA1| WO dInuUeW Ut ssew snioydsoyd 1A163 2002 d[R10IAIM
79 96T 14 AN A 8T 8€'0 000 ST 0T 60€'8 JArey/Bx  uonONPOId 3O0IS3AI| WOJY BINUBW Ul Ssew usBoIIN JIA/63 2002 U™ [RI0IAIM
LS €€ L'y *4 TT GE0 800 000 €2 67T 60€'8 Ay /6 puejwiie) 0) pafjdde Jazi|iey Ul ssew snioydsoyd JABY  Z00Z d Haym
18 60T 0z 1T TS LT 60 000 06 8L 60€'8 A ey /6 puejwirey 0} paijdde Jazij1iey ut ssew usbolIN JABY 2007 U Maym
9 19 6'¢ €T 90 €0 10 000 4 z T1€'8 V040 % 30BINS SNOIAJRdW Ul BRIy A wsibs”pnsdwi
8 11T GL €9 14 1€ 9T 000 44 Ly T1€'8 VO 10 % pue| paisaloy U eary o wiibs o]
1z S6 o 1z qT 79 ST 000 6T 8T T1€'8 V040 % puey eanynaLBe Ul ealy | wiibs™go|
8'6 00T 6T 9'8 A v'e 6T 000 45 6'8 T1€'8 VO 10 % puej uegun uj eary | wiibs zo|
(81e11U pUE BIUOWWIR)
ST el 6 8 (o4 9¢ 4> 87 590 a4 11€'8 A7y /6 uaBoumu oruefiout Jo uomsodap 1M IA/BY X dpeu
sainqgliye 8dinos jusLinN
o_.“_——_.“u._%m_ — uﬂ.___uha._c ...>muw==_=_
-01 03 - lapow™ 19y,
jooneise  wnwixep e__a_._wm 12 a__u.._mws._ ueipapy a__u_._mw o a__._u“ ”:2_ wnwiuip ____Mﬁwwm shwu_w  m syuow rmu_a_.sm ; Jasejep ayy
pajejnajea } -4ojed jo euiLIns 1oy uonduasag uj pajuasaid anqtiny
q ueapy pasn sjuf
afiuey laquiny se) angquye

Ssjuawyaled g 1443 1OYS I[e SS019e ajnqune jo uonnqiisiq

10§ spup

"salel Hodsuel) Jualinu Jaiem-o3-pue| Buijjoliuod sioloey pue sindul 894nos Jusuinu Bunuasaldal sanglune Ul eale [3pow A\OHHYAS 1OVS 8yl SS0Joe uonelep

[snisjaD ‘0 ‘dnoub [10s 2160]01pAY ‘DSH ‘reak sad Jarawijjiw ‘JA/ww fyaul “ul freak sad yaur ‘4A/ul tinoy Jad yaur ‘yjul fease Jusydred ‘vO uaalad ‘op fialawo)iy asenbs ‘o
‘pare|naea Jou ‘— ‘ueaA Jad ate1oay Jad weibojiy ‘Arey/By reak sad welbojiy A/ L1o1oe) 1o Indul 8yl Jo AJisusiul Jo suosiredwod Joy apinoid 01 (uawiydIed Jad Ssew ueyl Jayied Juswydled Jo eaJe 1un Jad
ssew se passaldxs ‘ajdwexa 10y) ASOINduljapow” | OVS,, 19Se1ep syl Ul pajussaid Sayewlsa ayl Jo Hun sy} WoJj SIsIp uonnguisip Bulziewwns 104 pasn Jiun Juswiainseaw sy} ‘Ssingile ureysd 1o]

‘LajqeL



Watershed Attributes 7

90° 85° 80°

llinois el et Virginia
Virginia

N /A

Missouri Kentucky

Tennessee

35° —
Arkansas
South Carolina

Georgia

Mississippi

Atlantic
Ocean
Louisiana

30° [~ Florida

of Mexico

EXPLANATION
Wet deposition of inorganic nitrogen, 2002,
in kilograms per hectare per year
Less than or equal to 3.19
3.20to0 4.29
I 430to4.94
Il Greater than 4.94

Interval bounds are the 10, 50, and
90 percentiles of the distribution

= Study area boundary

260 MILES
J

! I
190 380 KILOMETERS

o —T0

Figure 3A. Estimates of wet deposition of inorganic nitrogen for individual catchments in the SAGT SPARROW model area, 2002.
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Figure 3B. Estimates of area in urban land for individual catchments in the SAGT SPARROW model area, 2002.
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