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(d) Ring effect coefficients over the Tibetan Plateau (x10~2)
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Figure S1. Spatial distribution of fitted Ring effect coefficients from the full-window retrieval. (a, b) Ring
effect coefficients for each lake (Ring;,x., averaged from grid cells with the areal proportion of lake water
exceeding 90%) and its surrounding (Rings,,, averaged within 4 non-lake grid cells of the lake periphery);

(¢) Relative lake—land difference in Ring effect coefficient (W X 100 %); (d) Ring effect

|Ringsyr|
coefficients for individual grid cells over the Tibetan Plateau lakes and their surroundings. Only pixels with

QA = 0.75 and without sun glint warning are included. Note that the Ring effect is represented as a pseudo-
absorption term to account for solar Fraunhofer lines, with the fitted coefficient values in (a, b, d)
predominantly negative under the adopted sign convention of the pseudo-absorption term.
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Figure S2. Impact of Screening 2 and 3 on lake NO, VCDs. The relative changes of summer average NO,
VCDs over 2018-2024 after applying Screening 2 and 3. Filled circles and triangles represent natural lakes
and human-influenced lakes, respectively. The blue and red numbers in the lower left corner of each panel
represent the data range for natural lakes and human-influenced lakes, respectively, and the numbers in
parentheses represent the number of lakes.
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Figure S3. The ratio of lake NO, VCDs to their surroundings. The ratio of summer average lake NO, VCDs
over 2018-2024 to their surroundings. Filled circles and triangles represent natural lakes and human-
influenced lakes, respectively. The blue and red numbers in the lower left corner of each panel represent the

data range for natural lakes and human-influenced lakes, respectively, and the numbers in parentheses
represent the number of lakes.



30.4°N

90.4°F 90.8°E  —— 5m/s

I g
0.00 0.25 0.50 0.75 1.00 1.25 1.50
101> molecules cm™2

Figure S4. Spatial distribution of average NO, VCDs during 10 September to 17 October 2023 over Lake
Nam Co. Arrows represent 10 m wind vectors, and the cross marks the location of the in situ site. NO, VCDs
data after Screening 1-3 are shown. Wind data are taken from the ECMWEF analysis.
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Figure S5. Comparison of anthropogenic NO emissions between NEI and PHLET at the state level. Average
summer early afternoon (13:00-14:00 LST) emissions in 2022 are used here. The statistics are presented for
the case including (black) and excluding (blue) California.



Figure S6. Shapes of nine irregular lakes.
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Figure S7. Spatial patterns of NO, VCDs, flux divergence terms, effective diffusion terms and NO emissions
over three human-influenced lakes with the highest emission intensity and their surroundings in summer
2020. From left to right, the lakes are Govind Ballabah Pant, Dian Chi, and Chao, respectively. (a—c)
Tropospheric NO» VCDs, with superimposed arrows representing the mean wind vectors averaged within 0—
500 m above the ground. (d—f) De-backgrounded NO, VCDs (C); with the black crosses indicating lake-
interior grid cells. (g—i) Flux divergence terms (V- (VC)). (j-1) Effective diffusion terms (V- (aK- VC)).
(m—-0) PHLET-derived NO emissions. See previous work (Kong et al., 2022) for the governing equation to
connect de-backgrounded NO, VCDs and NO emissions that incorporates these individual terms.
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Figure S8. Spatial patterns of NO, VCDs, flux divergence terms, effective diffusion terms and NO emissions
over three natural lakes with the highest emission intensity and their surroundings in summer 2020. From left
to right, the lakes are Pasfield, Ta-tse, and Namru, respectively. (a—c) Tropospheric NO, VCDs, with
superimposed arrows representing the mean wind vectors averaged within 0-500 m above the ground. (d—f)
De-backgrounded NO, VCDs (C); with the black crosses indicating lake-interior grid cells. (g—i) Flux
divergence terms (V- (VC)). (j-1) Effective diffusion terms (V- (K- VC)). (m—o) PHLET-derived NO
emissions. See previous work (Kong et al., 2022) for the governing equation to connect de-backgrounded
NO; VCDs and NO emissions that incorporates these individual terms.
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Figure S9. Monthly variation in NO, VCDs over lakes and surrounding areas in 2018-2024, with lake NO,
VCDs calculated using only lake-interior grid cells (Sect. 2.8). (a, b) Monthly average NO, VCDs over 98
natural lakes and surroundings; (c) the difference in NO, VCDs between natural lakes and surroundings; (d,
e) monthly average NO, VCDs over 177 human-influenced lakes and surroundings; (f) the difference in NO,
VCDs between human-influenced lakes and surroundings. The yellow lines in (a) and (d) indicate the number
of lakes with valid data. The green, pink, yellow and blue colors in the background denote spring, summer,
autumn and winter, respectively. Each box represents the interquartile range (IQR), with the line inside
indicating the median value and the cross indicating the mean value. Box whiskers extend to the 10th and
90th percentiles. VCDs data are from the POMINO research product for Asia and the official product for

other

regions.
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Figure S10. Comparison of POMINO-TROPOMI and official TM5-MP-DOMINO VCD data for lakes in

Asia (70°-140° E, 15°=55° N). (a, ¢) Summer-averaged NO, VCDs over natural lakes and human-influenced
lakes, respectively. (b, d) Lake-to-surrounding NO, VCD ratios. Note that POMINO-TROPOMI v1.2.2 data
used here are available only for Asia.
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Figure S11. Total lake area in each continent. Red and blue bars are the area of human-influenced lakes and
natural lakes, respectively. Grey bars are the total area of all lakes. The numbers at the top of bars denote the
number of lakes.
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Figure S12. Yearly variation of summertime lake NO emissions. (a, b) Yearly variation of average emission
intensity and total emissions, respectively. The shaded area represents 1-c uncertainty. In panel (b), the left
and right y-axes represent natural and human-influenced lake emissions, respectively.
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Figure S13. Comparison of NO emissions from lakes and alpha cities (EDGAR v8.1) in summer early
afternoon as Fig. 4. Anthropogenic emissions of cities are derived from multi-year average of the EDGAR
inventory in 2018-2022.
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Figure S14. Correlations between NO emission intensity and two environmental factors for natural lakes. (a)
Scatter plot for NO emission intensity and LST. Red dots with respective statistics are for mid-latitude non-
Tibetan-Plateau (NTPU) lakes, and blue dots are for Tibetan-Plateau (TPU) lakes. Black numbers represent
the statistics for all natural lakes. (b) Scatter plot for NO emission intensity and DO for all natural lakes.
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Figure S16. Correlations between emission intensity and three in situ environmental factors at grid-cell scale.
Red dots denote grid cells in human-influenced lakes, and blue dots denote grid cells in natural lakes. Black
numbers represent the statistics based on all data, and black dashed line represents the linear fitted curve for

all data.
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Tables

Table S1. Impact of Screening 2 and 3 on lake NO, VCDs. The relative change in summer average NO,
VCDs from 2018 to 2024 over eight TP lakes after removing pixels with negative H,O SCDs or sun glint, as
well as the lake-to-surrounding ratio in NO, VCDs. These eight lakes are most affected by Screening 2 and
3.

Lake name Relative change (decrease by | Lake-to-surrounding ratio
more than 10%)
Ngangla Ringco -50.59% 1.27
Tangra -33.30% 1.21
Lumajangdong -27.49% 1.23
P'ei-k'u t'so -26.48% 1.20
Cha-pu-yeh ch'a-k'a -20.01% 1.30
Pa-Mu-Ts'o -17.46% 1.16
Ta-tse -16.30% 1.34
Zhari Namco -12.46% 1.26
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Table S2. The comparison of in situ NO; concentrations with satellite observations.

Lake In situ measurement Satellite data

Method Time Measurement | NO» Time NO,

location and | observation observation
height

Ontario | Sailboat- | LST  14:00— | Eastern 6.1-17.4 ppb | Same dates | 1.4-4.0 ppb 2
(Human | mounted | 16:00, 15-Jun, | offshore; (Donaldson, as in situ
- Aeroqual | 01-Jul, 17-Jul | about 1.5m | 2026) measureme
influenc | 500 and 29-Jul | over the water nts
ed, in | hand- 2024
North held
Americ | monitors
a)
Michig | Aircraft | LST  14:00- | [87.65 ° W, | 2.8-5.3 % 105 | Jun 2018 1.7-2.4 x 105
an in-situ 17:00, 02-Jun | 43.75 ° N], | molec. cm? molec. cm™ 3
(Human | spiral 2017 [87.65°W,43.1 | (Stanier et al.,
- vertical ° N], and | 2021)
influenc | profiling [87.65°W,42.4
ed, in 5°N]; surface—
North 3km
Americ
a)
Taihu Shipboar | LST  13:00— | Across the | 6-8 ppb | Same dates | 2.4-2.5 ppb 2
(Human | d Thermo | 14:00 12-13 | lake; surface (unpublished | as in situ
- 42i-TL August 2023 data from the | measureme
influenc | chemilu author team) nts
ed, in | minescen
Asia) ce

analyzer
Nam Co | Thermo LST 13:00- | [90.96 ° E, | 2.6 ppb (Kong | Same dates | 2.0 ppb 2
(Natura | Scientific | 14:00,10-Sep | 30.77 ° NJ; | etal., 2024) as in situ
1, in | 42CTL to 17-Oct 2023 | surface measureme
Asia) nts

! Satellite data for North America and Asia are from the official TROPOMI product and POMINO-
TROPOMI, respectively.
2NO; column is converted to surface mixing ratio following previous work (Zhang et al., 2023; Wang et al.,

2026).

3 Tropospheric column, with a slight contribution from the free troposphere above 3 km.
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Table S3. NO, VCDs over natural lakes and surrounding areas in each season. * means the difference
between VCDs over lakes and surroundings is statistically significant (Wilcoxon signed-rank test upon all

lakes, p < 0.01).

mean + std
(median)

Winter

Spring

Summer *

Autumn *

lakes

0.50 + 0.42 (0.38)

0.54 £ 0.26 (0.49)

0.83 £ 0.20 (0.81)

0.73 + 0.31 (0.66)

surroundings

0.53 + 0.41 (0.39)

0.54 + 0.24 (0.49)

0.77 + 0.20 (0.73)

0.66 + 0.30 (0.58)
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Table S4. NO, VCDs over human-influenced lakes and surrounding areas in each season.

mean + std
(median)

Winter

Spring

Summer

Autumn

Lakes

241 £3.26 (1.54)

1.51 +2.18 (1.12)

135 + 1.35 (L.11)

1.78 £ 2.26 (1.27)

surroundings

2.29 +2.72 (1.55)

146 + 1.56 (1.11)

1.30 + 0.95 (1.08)

1.70 + 1.80 (1.25)
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