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3. Supplementary Figures

Figure S1: The linear relationship between sensor [NO3 —N] and laboratory [NO3 —N]
measurement at Chenqi underground stream.

Figure S2: Time series of nitrate concentration and loading at five monitoring sites.
The shaded cyan area associated with nitrate concentrations and loading
represents the uncertainty in calculation.

Figure S3: Relationship between [NO3 —N] and discharge at Houzhai Catchment.

Figure S4: The relationship between the percentage of agricultural area and

normalized NO3; —N export.
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1. Supplementary Texts

Text S1: Sensor installation and calibration.

We used Hach nitrate ion-selective electrodes (NISE) sensors, which measure and
compensate for chloride present in the water, thereby eliminating cross sensitivity
between nitrate and chloride. The sensors with SC200 controllers were installed at the
observatory stations and maintained at a fixed depth that ensured at least 30 cm of water
above the sensor at all sites. The sensor collected data every 15 min with a response
time of less than 3 min. Discrete stream water samples were collected manually at
weekly or biweekly intervals, with additional samples collected during precipitation
event periods using autosampler at intervals of one to four hours. Discrete samples for
validation were collected, and immediately filtered for analysis. Samples for NOs~
concentration were shipped to the laboratory after the field work and measured using
an automatic flow analyzer (SKALAR Sans Plus Systems) with a detection limit of
[NO3;—N] 10 pg/L.

The mv output may be affected by sensor fouling and cleaning. Therefore, if the
fouling did not significantly impact on the measurement, the relationship between
sensor [NO3; —N] and lab measured [NO3; —N] should be reasonably constant over time.
We used linear relationship calibration between sensor [NO3 —N] and lab measured
[NO3 —N] from discrete samples. To evaluate the second calibration processes, the
uncertainty (uc) of time interval calibration and one single calibration at each site was
compared (Table S2) This approach considered uncertainty in the laboratory
measurements was negligible and the primary source of uncertainty was from the sensor
measurement. The result showed lower uncertainty in the time interval calibration than
in one single calibration. Figure S1 shows the time interval calibration process at

Chenqgi (CHQ) site. Finally, the time interval calibrated data were used as the final
S3



77  [NOs —N] at each site. The time series of [NOs —N] and loading are shown in Figure

78  S2 at all sites.

79  Text S2: Loading calculated method

80 Annual NO3z —N loading and normalized annual NO3s™—N loading at each site were

81 calculated following equations 1 and 2, respectively.

82
83 AnmmlNO§4Nlmmng=kXZ§4§Z%£?12 (1)
84
85 Normalized Annual NO3—N loading= Annual NO;N Loading 2)
86

2 2

o7 1)) @) ®)
88  where Ci and Q; are [NO3 —N] (mg/L) and discharge (m*/s) with time interval 15mins.
89  Constant k is 10 to convert units from mg/yr to kg/yr. N is the total number of
90  measurements between November 2016 and October 2017 with time interval 15mins
91 and A is catchment area and agricultural area in ha. The corresponding uncertainty of
92  NOz —N loading (uL) was estimated from sensor and discharge calibration by equation
93 (3).

94 NO; —N loading was calculated for missing time periods using linear interpolation
95 for gaps less than 24h, whereas smoothed data using time-adjacent sensor
96  measurements was applied for gaps exceeding 24h'. The proportion of missing and
97  smoothed data in total annual data is less than 10% (Table S3), except at Houzhai River
98 (HZ-R) owing to equipment damage by flow debris for the period 13™ August - 6™
99  October 2017. Grab sample data was also used to augment loading calculations for

100  missing days of sensor data (which occurred due to temporary loss of power or minor
sS4



101  issues with sensor performance). At HZ-R, [NO3; —N] loading was estimated using

102  daily-collected samples during the period without sensor.

103 2. Supplementary Tables

104 Table S1: Summary of catchment characteristics basing on 2016 land use

CHQ CC LHT Houzhai (MSK &HZ-R)

Catchment area (km?) 125 319 17.69 73.39
Natural vegetation (forest, shrub & grass, %) 82.8 66.6 59.2 45.1
Water area (river & reservoir, %) 0.0 0.1 0.4 1.4
Developed area (road & build area, %) 0.3 6.4 6.9 11.1
Farmland (dry land & paddy field, %) 16.7 260 327 41.0
Bare Rock (%) 0.3 0.8 0.7 1.4

105

106  Table S2: The uncertainty of two sensor calibration for each site at five sites during

107  study period.

Time interval calibration One single calibration
mg/L mg/L
CHQ 0.06 — 0.64 1.02-1.41
CcC 0.26-0.37 0.32-0.35
LHT 0.25-0.37 1.01-1.11
MSK 0.04 - 0.52 0.82-0.91
HZ-R 0.02-0.34 0.59 - 0.64

108
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109

110 Table S3: Loading calculation for missing time periods.
Missing data Smoothed data

CHQ 7.8% 4.9%

CC 6.7% 0.3%

LHT 4.2% 1.6%

MSK 2.5% 0%

HZ-R 22.7% 17.3%
111
112
113 Table S4: Nine major intensive rain events during wet season in 2017.

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9
5h-6"  22th  3-s™12% 15t 024%™ 29M-30M g9t o3¢
Date
May June July  August
RF (mm) 414 69.2 312 101.5 34.6 65.1 85.9 127.4 49

114
115
116
117
118
119
120
121
122
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127

128

129

130

131

Table S5 Comparison of annual normalised export generated from nitrate sensor

technology measurements over a range of catchment scales.

Houzhai (this study)
Blackwater sub-
catchment?

Boone River at Webster®*
Cedar River at Palo®*
Towa River at Wapello®**
North Raccoon River®-
Difficult Run’

Smith Creek®

Potomac River’

Chemosit River!

Country & studied  Agricultural Catchme  Normalised
year Land use nt size export
(%) (ha) (kg/ha)
China (2016 — 2017) 41 7.34x103 22.2
UK (2011 — 2012) 74 1971038 11.2+3.9
USA (2016) 84 2.19%10° 72.3
USA (2016) 75 1.64x10° 53.3
USA (2016) 70 3.23x10° 31.8
USA (2016) 80 4.2x10° 50.4
USA (2016) 3 1.5%10* 4.3
USA (2016) 46 2.5x10* 6.0
USA (2016) 30 3.0x10° 53
Kenya (2014 — 2015) 52 1.0x10° 4.6

2 means catchments have more than 50% karst area;

artificial drainage consisting of underground networks and ditches.

S7
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132 3. Supplementary Figures
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135 Figure S1: The linear relationship between sensor [NO3 —N] and laboratory [NO3 —

136 N] measurement at Chenqi underground stream.
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Figure S2: Time series of nitrate concentration and loading at five monitoring sites.
The shaded cyan area associated with nitrate concentrations and loading represents

the uncertainty in calculation.
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157 Figure S3: Relationship between [NO3 —N] and discharge at Houzhai Catchment.
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Figure S4: The relationship between the percentage of agricultural area and

normalized nitrate-N export
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