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Abstract

The Soil and Water Assessment Tool (SWAT) nitrogen (N) water quality
model considers the artificial inputs associated with human activities, inclu-
ding point and nonpoint source pollution loads. Although SWAT has the
ability to simulate atmospheric N deposition and fixation, they were not
considered in the modeling research. N deposition from the air is an important
and considerable pathway for the input of N species into watersheds and
water bodies, causing soil and water body acidification and the leaching of N
into surface and groundwater, resulting in eutrophication and degraded water
quality. The goal of this study is to assess the effects of atmospheric and
agricultural N loads on stream water quality at the watershed scale. For a 6642
km® Chungju dam watershed, SWAT was calibrated for 4 years (2003-2006)
and validated for another 4 years (2007-2010) using daily anthropogenic N
data (sewage discharge pollutants and fertilizer) and monthly measured

atmospheric deposition data for NO,, NH,, and dissolved organic N
(DON). At the watershed outlet, the Nash-Sutcliffe (1970) efficiency (NSE) of
daily streamflow during the validation period was 0.74. The coefficient of
determination (R?) of total N was 0.69 considering atmospheric deposition,
whereas it was 0.33 when removing the deposition effect. The results of this
study demonstrate the potential for using the N dynamics between the
atmosphere and land for SWAT assessments of nonpoint source pollution and
for modeling stream water quality.
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1. Introduction

Human activities, such as agricultural cultivation and fossil fuel combustion,
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have dramatically increased the amount of reactive nitrogen (N), such as inor-
ganic ammonium ( NH} ) and oxidized (e.g., nitrate: NOj) forms of N, as well
as its movement through ecosystems [1] [2] [3]. The large magnitude of this N
production is problematic, as excess reactive N can be extremely detrimental to
the functioning of various ecosystems [4]. For example, excessive plant growth
due to nutrient enrichment is the primary environmental issue facing surface
waters worldwide [5] [6] [7] [8] because it not only results in many undesirable
ecological (e.g., species or salt-marsh loss) [9] and water quality (e.g., algal
blooms, hypoxia or dead zones) [8] [10] problems but also causes high economic
costs [11]. The eutrophication process is accelerated by human activity in
densely populated urban or agricultural regions, where point N sources dis-
charged from sewage treatment plants supplement high levels of non-point N
sources produced from vehicles or fertilization [5], which is also referred to as
cultural eutrophication [8].

In South Korea, the annual N input and output of agricultural areas were re-
ported to be 1,259,515 and 675,091 tons/yr, respectively. The annual N inputs of
urban and forest area were 247,869 and 152,875 tons/yr, respectively, and the
outputs were 90,319 and 65,794 tons/yr. For the past decade in South Korea, the
N output of rivers and oceans was approximately 498,915 tons/yr, and the
amount of nonpoint source pollutants equaled 367,640 tons/yr [12]. These phe-
nomena can result in river and lake eutrophication due to excessive N.

Atmospheric deposition is an important pathway for the input of N species
into watersheds and water bodies. Atmospheric N deposition can cause soil and
water body acidification, as well as leaching of N into surface and ground waters,
resulting in eutrophication and water quality degradation. Wet deposition oc-
curs through rain and snowfall, whereas dry atmospheric deposition arises from
gaseous and particulate transport from the air to the surfaces of aquatic and ter-
restrial landscapes. Atmospheric deposition of nitrate N and ammonium N has
been identified as a major factor in the decline of water quality in the watershed.
The water quality in large rivers has deteriorated because of land use develop-
ment over the past several decades and the dust fall from the atmosphere. In
particular, mineral aerosols are deposited on land and streams via rainstorms
during the summer as a result of the monsoon climate in South Korea.

In general, surface water and groundwater are affected by agricultural anth-
ropogenic pollution resulting from the excessive use of pesticides and fertilizers
and inadequate irrigation techniques. Although nitrate leaching in regions ap-
pears to be an inevitable process, an improvement in management practices
leading to higher N fertilizer use efficiency is thought to reduce the potential for
groundwater nitrate contamination. The environmental impact of agricultural
pollutants depends on many different factors, such as fertilizer type, fixation,
crop type, hydro-meteorological conditions (climatology and hydrogeology),
crop management practices and soil characteristics [13]. Several authors have
demonstrated the effect of different types of land cover on the hydrology of wa-

tersheds [14], a factor that is also directly linked to the nutrient transport within
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a watershed, particularly within the root zone.

For the multiple environmental processes involved in the dynamics of N, such
as atmosphere deposition and pesticide and fertilizer use, mathematical model-
ing is extremely valuable because it can help quantify the pollution, determine
balances at the watershed scale and guide decisions to improve management [13]
[15]. Thus, a model-based study is required to obtain information on the envi-
ronmental effects considering anthropogenic data. The Soil and Water Assess-
ment Tool (SWAT) model, which can be used for complex anthropogenic data,
has been extensively applied in the literature. The SWAT model is considered
one of the most useful models for long-term simulations in predominantly agri-
cultural watersheds [16] and is robust in predicting nutrient losses at the wa-
tershed scale [15] [17].

In this study, among the available anthropogenic data (fertilizer, manure,
fixation, sewage discharge and atmospheric deposition), the impact of the total
N (T-N) load was evaluated to identify the effect of atmospheric, agricultural
(fertilizer, manure, and fixation) and sewage discharge N loads on stream water
quality at the watershed scale (Figure 1). The SWAT model was adopted and
applied to a 6642 km” study watershed.

2. Materials and Methods
2.1. Description of the SWAT Model

SWAT [18] is a physically based and continuous, long-term, distributed-para-

Meteorological Data GIS Data Observed Data
Precipitation, Temperature Daily streamflow, Daily T-N,
Wind speed Watershed boundary Daily sewage discharge
Relative humidity, Digital elevation model, nitrogen, Anthropogenic
Solar radiation Land use, Soil nitrogen monthly data
(2003-2010, daily data) (2003-2010)

A 4

SWAT model Calibration and Validation

Streamflow I T-N
[

General nitrogen data New nitrogen data

Fertilizer » Atmosphere deposition
Sewage discharge pollutant Manure and Fixation
Apply only general data Apply general and new data

Comparison of nitrogen variability

Figure 1. Flow chart of study process.
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meter model designed to predict the effects of land management practices on the
hydrology and sediment and contaminant transport in agricultural watersheds
with varying soils, land uses, and management conditions [18]. SWAT is based
on the concept of hydrologic response units (HRUs), which are the portions of a
sub-basin that possess unique land-use/management/soil attributes. The runoff,
sediment, and nutrient loadings from each HRU are calculated separately using
input data regarding weather, soil properties, topography, vegetation, and land
management practices and then summed together to determine the total load-
ings from the sub-basin [19].

SWAT uses a modified version of the SCS-CN method (USDA-SCS 1972) and
the Modified Universal Soil Loss Equation (MUSLE) [20] to predict runoff and
sediment generation, respectively. SWAT simulates the organic and mineral N
and phosphorus fractions by separating each nutrient into component pools,
which can increase or decrease depending on the transformation and/or addi-
tions/losses occurring within each pool [21]. Mass balance is calculated on a
daily time scale to capture the series of changes addressed through the respective
process equations. Further details of the water balance, soil erosion, and nutrient
process equations can be found in the SWAT theoretical documentation [22].

Atmospheric deposition occurs when airborne chemical compounds settle
onto the land or water surface. Some of the most important chemical pollutants
are those containing N or phosphorus. N compounds can be deposited onto wa-
ter and land surfaces through both wet and dry deposition mechanisms. Wet
deposition occurs through the absorption of compounds by precipitation as it
falls, carrying mainly nitrate and ammonium. Dry deposition is the direct ad-
sorption of compounds onto water or land surfaces and involves complex inte-
ractions between airborne N compounds and plant, water, soil, rock, or building
surfaces. The atmospheric deposition by SWAT model is based on the following

equations:
NO;, 4, =0.01 Rygs - Rygy (1)
NH, i, =0.01- Ry, - Ryyy (2)
NO;,; = NOy; + NOjgy g, (3)
NH = NH )+ NH 000 (4)
where NH,,, is the nitrate added by rainfall (kg N/ha), R, is the concen-

tration of ammonia in the rain (mg N/L), and R, is the amount of precipita-

day
tion on a given day (mm H,0). The N in the rainfall is added to the ammonia
pool in the top 10 mm of soil. NO,,, is the nitrate in the surface soil layer,

NH,,_, is the ammonium in the surface soil layer, NO, is the daily nitrate

drydep
dry deposition rate (kg/ha) and NH,; .., is the daily ammonium dry deposi-

tion rate (kg/ha).

2.2. Description of the Study Watershed

Figure 2 shows the Chungju dam watershed, which has a total area of 6642 km?
and is located in northeast South Korea, within the latitudes of 127.9°E to
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Figure 2. Location of study watershed and weather, streamflow, and water quality gauging stations.

129.0°E and the longitudes of 36.8°N to 37.8°N. The elevation ranges from 112
to 1562 m, with an average slope of 37% and an average elevation of 609 m. The
30-year average annual precipitation is 1261 mm, and the mean temperature is
9.4°C. More than 82.3% (5469 km?) of the watershed area is forested, and 12.2%
(811 km?®) is cultivated. The cultivated area consists of 728 km” of paddy fields
and 83 km” of upland crops.

The elevation data were rasterized as a 100-m-resolution digital elevation
model (DEM) from 1:5000 vector maps supplied by the Korea National Geo-
graphy Institute. The soil data with respect to texture, depth, and drainage
attributes were rasterized from 1:25,000 vector maps supplied by the Korea Rural
Development Administration.

Thirty-four years (1977-2010) of daily weather data were collected from six
ground weather stations. Daily streamflow data (2003-2010) at one location, lo-
cated at the watershed outlet, were obtained from the Han River flood control
office, and monthly water quality data at one location were obtained from the
Korean Ministry of Environment to calibrate and validate the SWAT model.

The main indicator of stream water quality is the T-N (total N obtained as the
sum of nitrate and particulate organic N losses) load. The eight-year (2003-2010)
average sewage discharge N data for the modeling were prepared from each

sewage discharge pollutant facility, including daily discharge rates and N load.

2.3. Definition of Anthropogenic N Data

2.3.1. Atmospheric Deposition

Table 1 shows the description of the N input data. To apply the anthropogenic
data, the deposition, fixation, fertilizer, manure, and sewage discharge N were
obtained from the Ministry of Environment, the Rural Development Admini-
stration (RDA), and the National Institute of Environmental Research (NIER).
The obtained deposition N data were used to monitor acid deposition and to
create the NEIR’s impact assessment report (1999-2010). The dry and wet de-

position N data were obtained from 39 stations in South Korea over a 12-year
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Table 1. Description of the nitrogen input data.

Data Source Period
NO,
Deposition NH Ministry of the Environment, 1999-2010
and wet ational Institute of Environmental Researc
(dry and wet) ¢ National Insti f Envi 1R h (NIER)
DON
NO;
Fertilizer, Ministry of the Environment,
manure, and NH, NIER, 1999-2010
fixation Rural Development Administration (RDA)
DON
NO,
Sewage dis- Ministry of the Environment,
wag NH; sty Vi 2008-2010
charge NIER
DON

period. The wet deposition N load (kg/m?/year) was estimated by multiplying
the wet deposition concentration (mg/L) and the annual mean precipitation
from each station. The dry deposition N was distributed according to the ratio of
urban to total dry deposition in South Korea. Total deposition N (wet + dry) was
divided into NOj;, NH,, and dissolved organic nitrogen (DON) according to

Van Breemen et al. [23].

2.3.2. Fertilizer, Manure, and Fixation

Fertilizer and manure N data were obtained from the Statistical Yearbook of
Agriculture and Forestry (1999-2010) of the RDA. The fixation N data used 35
and 15 kg/ha/yr [24] [25]. The fertilizer N data were obtained from administra-
tive districts from the Statistical Yearbook of Agriculture and Forestry (Rural
Development Administration, 1999-2010), and the manure N data were based
on the Total Water Pollution Load Management Guidelines (1999-2010) from

the NIER. The livestock waste pollutant load was estimated as follows:

Livestock wastewater pollutant load

= > (Livestock facilities numbers x Livestock facilities wastewater pollutant unit load) ®)
Livestock solid pollutant load .
= Z(Livestock facilities numbers x Livestock facilities solid pollutant unit Ioad) ©
Livestock pollutant load )

= Livestock wastewater pollutant load + Livestock solid pollutant load
Final manure pollutant load ()

= Livestock pollutant load x ratio of agriculture resource (0.9)

This study assumed that final manure pollutant load used only 90% of the li-
vestock pollutant load considering agriculture resources. Thus, the final manure
pollutant load was obtained according to Equation (8). Sewage discharge N data
from the river were based on the daily N discharge data from 3227 stations in
South Korea for 12 years (1999-2010).
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3. Results and Discussion
3.1. Calibration and Validation of the SWAT Model

The SWAT model was calibrated based on 4 years (2003-2006) of daily stream-
flow data at the watershed outlet and then validated using another 4 years
(2007-2010) of data. We used the same calibrated parameters as Park et al [26]
for both streamflow and T-N. The calibrated model parameters are shown in
Table 2. Sensitivity Of parameters was analyzed by comparing ratio (%) of
runoff changes. By comparing ratio (%) of changes simulated runoff from
adjusted value, the ratio of change more than 70% or 50% defined high or
medium sensitivity.The ESCO was sensitive to the peak flow and the amount of
discharge. GW_DELAY and ALPHA_BF affected the recession phase of the
hydrograph. These parameters were then used to validate the SWAT model to
determine its efficiency. The decision process of the calibrated parameters and
the sensitivity analysis are detailed in Park et al [26]. A statistical summary of

the 8 years of observed versus simulated streamflow is shown in Table 3. Figure 3

Table 2. SWAT calibrated parameters.

. L Adjusted
Parameter Definition LB UB Sensitivity
Value
ESCO Soil evaporation compensation factor 0 1 High 0
Baseflow alpha factor for land with slow .
ALPHA_BF 0 1 High 0.05
response to recharge

Q RCHRG_DP Deep aquifer percolation fraction 0 1 Medium 0.6
GW_DELAY Groundwater delay 0 500 High 31
GW_REVAP Groundwater “revap” coefficient 0.02 0.2 Medium 0.02
SMEMX Maximum snowmelt rate 14 69 Medium 4.5

SN  SMFMN Minimum snowmelt rate 14 6.9 Medium 4.5
SMTMP Snowmelt base temperature -5 5 High 1.5

Q: Streamflow, SN: Snow parameter, LB: Lower bound, UB: Upper bound.

Table 3. Statistical summary of observed versus SWAT simulated streamflow for
calibration (C) and validation (V) periods.

PCP Discharge (mm) Runoff ratio (%)
Year NSE R? Note
(mm) Obs.  SWAT Obs. SWAT
2003 1598.3 1051.1 811.4 65.8 50.8 0.77 0.79 C
2004 1542.0 911.5 714.9 59.1 46.4 0.74 0.74 C
2005 1494.4 743.1 626.2 49.7 41.9 0.74 0.76 C
2006 1348.0 954.6 826.6 70.8 61.3 0.75 0.75 C
2007 1475.6 1016.5 1009.1 68.9 68.4 0.71 0.75 \%
2008 950.7 403.4 318.4 424 33.5 0.74 0.84 \%
2009 1168.0 613.2 570.6 52.5 48.9 0.72 0.67 \%
2010 1258.5 809.1 728.5 64.3 57.9 0.74 0.75 \%
Mean 1354.4 812.8 700.7 59.2 51.1 0.74 0.76 -

PCP: Precipitation, Obs.: Observed, R’ determination of coefficient, NSE: Nash-Sutcliffe efficiency, C:
Calibration period, V: Validation period.
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Figure 3. Comparison between observed and SWAT simulated streamflow results.

shows the observed versus simulated streamflow. The Nash and Sutcliffe [27]
efficiency (NSE) for streamflow during the validation period was 0.74, and the
coefficient of determination (R?) was 0.76.

3.2. Comparison of the Nitrogen Dynamics

The N input datasets involve three anthropogenic N sources: atmospheric depo-
sition, agriculture N (fertilizer + manure + fixation), and sewage discharge N.
For each watershed, which consists of various land uses, the atmospheric deposi-
tion N input was applied to all the lands, whereas the agricultural N inputs were
applied to only the upland crop and paddy lands. The sewage discharge N input
was directly applied to the river reaches. Each of the N species for the three N
sources was applied to the corresponding terrestrial and river pools.

Table 4 shows the SWAT-calibrated parameters related to anthropogenic N.
Table 5 shows the T-N load (ton/year) that has a practical impact on the portion
of input N in the watershed. The atmospheric deposition load comprised a large
portion of the total input N. The deposition resulted in a large input N load into
the watershed because wet deposition and dry deposition primarily decreased
along with rainfall and yellow sand containing N particles through the total wa-
tershed in South Korea. The fertilizer, manure, and fixation were only consumed
in the agriculture area during a specific period each year.

This study applied five cases based on the anthropogenic N data. Case 1 is
scenario before all anthropogenic N data were applied, case 2 is a scenario after
the sewage discharge N data were applied, case 3 is a scenario after the atmos-
pheric deposition data were applied, case 4 is a scenario after the fertilizer,
manure, and fixation data were applied, and case 5 is a scenario after all anthro-
pogenic N data were applied. Figure 4 and Table 6 show the observed and
simulated daily T-N at the watershed outlet. The average R* values of T-N
during the calibration and validation periods were 0.33 (case 1) and 0.69 (case
5), respectively. The R* for the T-N results increased by 0.36 after the anthro-
pogenic N data were applied. The results indicated that cases 2 and 3 affected the
baseflow and recession of T-N, respectively.
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Table 4. SWAT calibrated parameters related to anthropogenic nitrogen.

. Adjusted
Parameter Definition Default
Value
Atmospheric deposition of ammonium (mg/L)
RAMMO_SUB 0 3

values for the entire watershed

RCN_SUB Concentrfitl.on .of nitrate in the 0 45
precipitation (mg/L)

Anthropogenic DRYDEP_NH4 Nitrate dry deposition rate (kg/ha/yr) 0 4.3
nitrogen DRYDEP_NO3  Ammonia dry deposition rate (kg/ha/yr) 0 4
FIXCO Nitrogen fixation coefficient 0 1

NFIXMX Maximum daily N fixation (kg/ha) 0 3.3

Amount of fertilizer applied

FRT_K
—KG to the HRU (kg/ha)

0 257.4

Table 5. Process of calculating the average nitrogen input total load (tons/year).

N input Calculati Total load
inpu alculation process (tons/year)
dry deposition (8.3 kg/ha/yr) x total area (6642 km?)
o, 30,589.7
Deposition wet deposition (3 mg/L) x total area (6642 km?*) x annual (60.0%)
precipitation(1258.3 mm/yr)
Fertilizer and fertilizer and manure nitrogen (257.4 kg/ha/yr) x agriculture
Manure area (783.5 km?) 20.167.3
. (39.0%)
L upland crop and paddy area (3.3 kg/ha/yr) x agriculture area
Fixation
(783.5 km?)
S 45.9
di:c‘f':f;e Sewage discharge nitrogen (126.0 kg/day) x year (365 days) (1.0%)
Table 6. Summary of yearly T-N loads for five cases.
Observed Case 1 Case 2 Case 3 Case 4 Case 5
Year Total  Total , Total , Total , Total ,  Total 5
R R R R R
(tons)  (kg) (kg) (kg) (kg) (kg)

2003 836.9 785 045 802 046 2009 0.77 914 046 2881 0.77

2004 2460.2 4827 0.80 490.3 0.80 12243 0.67 539.1 0.84 1673.0 0.70

2005 1564.3  303.0 0.20 309.3 0.21 1083.0 0.60 4174 0.18 1552.6 0.66

2006 954.2 133.6 027 139.1 0.29 568.5 0.77 2068 044 8475 0.82

2007 1848.3  384.2 0.19 3906 0.22 1122.0 0.77 4506 0.18 15654 0.78

2008 742.9 1334 0.19 1394 0.20 490.7 0.61 180.3 0.25 751.2 0.62

2009 2189.8 2921 051 2978 056 981.2 0.62 3296 0.65 13358 0.65

2010 1092.9 1001.1 0.03 1007.0 0.01 1120.8 0.29 1087.5 0.02 1540.1 0.50

Mean 14612 351.1 033 356.7 0.34 8489 0.64 412.8 0.38 11942 0.69

Case 1: scenario that excluded all anthropogenic N, Case 2: scenario that applied only sewage discharge N,
Case 3: scenario that applied only atmospheric deposition N, Case 4: scenario that applied only agriculture
N, Case 5: scenario that applied all anthropogenic N.

<3
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3.3. Analysis of the Nitrogen Changes

In this study, the load duration curve (LDC) method was used to determine the
variability of T-N (Figure 5 and Table 7). The LDC method was used to de-
scribe the change in high, middle, and low T-N durations. Table 7 provides the
monthly T-N loads and the percentage change by comparing the scenarios. Case
2, case 3, case 4, and case 5 exhibit percentage changes of 4.4, 112.3, 19.7 and
201.7%, respectively (Table 7). As a result, cases 3 and 4 tended to be affected by
rainfall and the fertilizer period from April. The LDC graph in Figure 5 illu-

strates that the major differences between case 1 and case 2 appeared during the

0
100000000.0-
m PCP eObserved —Simulated | 599
1000000.0 E
g <
3 1400 8
Z 10000.0 . ©
- ' 3
3
100.0 600 &
1.0 : 800
2003-01-01 2004-01-01 2005-01-01 2006-01-01 2007-01-01 2008-01-01 2009-01-01 2010-01-01
Date (day)
(a)
- S - — — — - S
T "M’l‘l LR 1) ¢ B LA e | [' mrmr: - W']"mw *I’"‘I"|' r rm N "'“'"'"’"'["Yﬂl'
100000000.0 - 1 n r Fﬂ V l |
m PCP e Observed — Simulated| 200
1000000.0 - E
2 400 §
z 100000, . 5
- a
‘ 2
100.0 600 £
1.0 ‘ ‘ 800
2003-01-01 2004-01-01 2005-01-01 2006-01-01 2007-01-01 2008-01-01 2009-01-01 2010-01-01

Date (day)
(b)

TrIpgy SUatl S 1 B ARG { 1 1 AL (i1 LAiUait SR it b | Loamaiads ML 0
100000000.0 1 IM'“ Hl “” FW[ V W]T "1'

m PCP ¢Observed —Simulated | 5qq

1000000.0 . E
° ' | £
"’ ! 0" B
g 10000.0 H N iy [. L “ | Tl L4 b1 | R | N ;' ,l . ’ 400 §
E . \N “ | "! AR ‘ | ‘ 'lil“ l\|| W\ e y ik \ » iy \ I 'rhﬂ" ' 1‘”‘ g ‘ ‘g
ARBIY/AR v A L A LA L | W
| | 1)
100.0 w . 1 1600 &
10 : ! 800
2003-01-01 2004-01-01 2005-01-01 2006-01-01 2007-01-01 2008-01-01 2009-01-01 2010-01-01
Date (day)
(c)
335

K2
0:;5: Scientific Research Publishing



C.-G. Jung, S.-J. Kim

"lr--l‘uM'I' L i ||‘--"|‘ ‘-' M n-l--l "rl" - "||[[ T ‘rq'lllwr' L "["1"|' L I'lrf"l" |‘|'t"'r|m‘7"wﬂ‘r w0
100000000.0 -
m PCP e¢Observed —Simulated | 599 ~
1000000.0 i E
2 . 5
= . 400 %
Z 10000.0- - ® S
- ° 3
o o
o
1oo.o\u 600
1.0 ‘ : 800
2003-01-01 2004-01-01 2005-01-01 2006-01-01 2007-01-01 2008-01-01 2009-01-01 2010-01-01
Date (day)
()
-[rn "N“'l [ madale 1 M4 ' - "1'T'|r r| (R | I"|Ir|' T I "vr"—wr-n—‘r "Tr'TlIl r~— -rrr w‘"vrnn-rr'wr--vw- 0
100000000.0¢ 1 7‘]” '”
mPCP eObserved —Simulated - 559 ~
1000000.0 E
) | ! c
‘ \ o o
i’ X If l““ AL ' ) h | 1 i » t ﬂ" -.‘1 o ‘A | 400 ﬁ
Z 10000.0 et | p ° e “ kb *Y ¢ LTS W N
= ! il RpTT SO e | W ® 3
o iy o] il g 2
100.0 h, . o o - 600 &
1.0 800
2003-01-01 2004-01-01 2005-01-01 2006-01-01 2007-01-01 2008-01-01 2009-01-01 2010-01-01
Date (day)
(e)

Figure 4. Comparison of observed and SWAT simulated T-N using anthropogenic data: (a) case 1, (b) case 2, (c) case 3, (d) case 4,
and (e) case 5.
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Table 7. Percentage changes in monthly T-N for five cases.

Case 1 Case 2 Case 3 Case 4 Case 5

Month  Tota]  Total Change Total Change Total Change Total Change
(ton)  (kg) (%) (kg) (%) (kg) (%) (kg) (%)

1 283.5 287.3 +1.3 133.6 -52.9 298.0 +4.5 154.9 —45.4
2 611.2 614.7 +0.6 361.8 —40.8 638.9 +6.1 436.3 -28.6
3 293.3 296.9 +1.2 399.5 +36.2 311.3 +6.7 498.3 +69.9
4 485.4 489.0 +0.7 656.4 +35.2 517.8 +53.9 824.4 +69.8
5 724.8 728.1 +0.5 824.5 +13.8 1115.2 +22.2 14055  +93.9
6 923.3 925.7 +0.3 898.1 -2.7 1127.9 +13.4 1359.1 +47.2
7 1163.6  1165.5 +0.2 3178.0  +173.1 13194 =52 4240.7  +264.5
8 569.4 572.7 +0.6 1713.0  +200.8 539.7 +0.8 2272.0  +299.0
9 750.8 753.9 +0.4 1291.7 +72.0 756.8 +29.7 16914  +125.3
10 30.6 34.2 +11.8 155.2 +406.6 39.7 +39.3 2298  +650.3
11 20.8 24.4 +17.5 100.4  +383.0 29.0 +35.3 149.7  +620.1
12 21.1 24.8 +17.7 47.1 +123.5 28.5 +4.5 74.5 +253.8

Mean 489.8 493.1 +4.4 813.3 +112.3 560.2 +19.7 11114 +201.7

Case 1: scenario that excluded all anthropogenic N, Case 2: scenario that applied only sewage discharge N,
Case 3: scenario that applied only atmospheric deposition N, Case 4: scenario that applied only agriculture
N, Case 5: scenario that applied all anthropogenic N.

low T-N period in the dry season. When the results of case 1 and case 2 were
compared, we found that sewage discharge pollution affected the T-N dis-
charged with the baseflow during the low T-N period.

Compared to case 1, case 3 exhibited increases of 41.6% (high duration),
156.1% (middle duration), and 402.0% (low duration); case 4 exhibited increases
of 10.8% (high duration), 27.7% (middle duration), and 55.9% (low duration);
and case 5 exhibited increases of 87.3% (high duration), 272.6% (middle
duration), and 677.9% (low duration).

4. Summary and Conclusions

In this study, the SWAT model was used to simulate the discharge and T-N load
in the Chungju dam watershed outlet for the 2003-2010 period, and the impact
of the T-N load was evaluated to identify the effects of atmospheric, agricultural
(fertilizer, manure, fixation) and sewage discharge N loads on the stream water
quality at the watershed scale. The SWAT model was established using all avail-
able data on the N stores in the fertilizer, manure, fixation, sewage discharge N,
and atmospheric deposition. The SWAT model was prepared by calibrating and
validating 8 years (2003-2010) of downstream streamflow and T-N data; the
model can evaluate the N loads at depth considering atmosphere deposition. The
N-input datasets were three anthropogenic N sources, namely, atmospheric depo-
sition, agriculture N (fertilizer + manure + fixation), and sewage discharge N.
The SWAT model was calibrated for 4 years (2003-2006) of daily streamflow
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data at the watershed outlet and validated using another 4 years of data (2007-
2010). The SWAT parameters were used to validate the SWAT model to deter-
mine its efficiency. The NSE for streamflow during the validation period was
0.74, and the R*> was 0.76. This study applied five cases based on the anthropo-
genic N data to determine their impact on water quality. The LDC method and
monthly T-N were analyzed for the variable T-N. The LDC method was used to
describe the percentage change in high, middle, low T-N durations. Compared
to case 1, the percentage changes for case 2, case 3, case 4, and case 5 were 4.4%,
112.3%, 19.7% and 201.7%, respectively. As a result, case 3 and case 4 tended to
be affected by rainfall and the fertilizer period from April. The major differences
between case 1 and case 2 appeared during the low-N period in the dry season.
Atmospheric deposition data increased the overall T-N, following the rainfall
trend.

The data collected from national reports and applied to the SWAT database
can be utilized, and the N dynamics between the atmosphere and land were
successfully determined even though SWAT uses data based on annual values. In
the long term, N generally follows the trends in fertilization, atmospheric de-
position, and sewage discharge N. The SWAT hydrological model was success-
fully used to produce the historical and future trends in N load. The achieve-
ment of this study has not been reported to date. The results of this study also
indicate that the modeling of N dynamics at the watershed and small-scale

sub-basin scales can provide a valuable link between the atmosphere and land.
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