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Supplementary Methods
1. Database compilation

To construct a global database of major dissolved ions in the world’s large rivers (>
1,000 km?)!, we compiled information from 12 publicly available databases (listed in
Supplementary Table 7) and also extracted long-term hydrochemical data from the open
literature’.

We consolidated these data in a global dataset of major dissolved ions and total
dissolved solids (TDS) in the world’s large rivers. First, we combined all the data from
all our sources. Then, for any overlapping data at any given station in any given year,
if the difference was less than 10%, we calculated the average of all reported data from
all the databases. If the discrepancy was greater than 10%, we used expert judgement
and usually preserved the value from whichever record was the longer. Annual average
concentrations of 8 major dissolved ions (Ca**, Mg?**, Na*, K*, SO4*~, Cl", HCO3™ and
dissolved silica (DSi)) were calculated by averaging measured values at finer time steps
(monthly or seasonally) whenever available. Otherwise, average annual concentrations
were taken from values reported in the literature. In cases where TDS data were already
available in the data sources, we used these records. In cases of any missing TDS
measurements, we simply summed the concentrations of all DS (Ca**, Mg?*, Na*, K*,
SO4*", CI", HCOs™ and DSi) to determine TDS when all the DS values were available.
For the TDS data, we obtained 8,016 data points directly from open databases, 485 data
points from model results (explained in more detail in Section 2, Supplementary

Methods), 121 data points from the literature, and 543 data points by summing the
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concentrations of all dissolved ions. Thus, about 87% of the TDS data were taken
directly from public databases.

In addition to the global database of TDS, we also compiled the annual average flows
of the world’s large rivers in the PKU-IEE-WLRs-WS-NL2006 Database.
Supplementary Table 8 lists the source databases for the annual river discharge data.
Any missing data were filled by river discharge data taken from the literature and online
sources>>’. We consolidated all the river discharge data using an approach similar to
that for the dissolved solids database, particularly overlapping data.

In summary, our database includes data from 600 stations in 149 rivers located across
six continents, as shown in Fig. 1 of the main text. The stations are distributed as follows:
54.8% in North America, 14.8% in Asia, 12.2% in Oceania, 8.2% in Europe, 7.5% in
South America, and 2.5% in Africa. The percentage of stations with records no less than
5 years ranged between 82-86% for all DS. Moreover, 43—52% of stations had records
of duration 10-30 years for 8 major dissolved ions and TDS (Supplementary Table 9).
To our knowledge, this database is the most comprehensive to date in terms of spatial
and temporal coverage of DS.

2. Data quality
2.1 Outlier detection

To control data quality (and ensure robust trend analysis and flux calculations), we
removed outliers in the database, as is usual practice®®. First, we tested whether the time
series data for any of DS at any given station followed a normal distribution. If so, then

t39

outliers were identified using the Grubbs’ test’” using the R package ‘outliers’. If not,
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any data points beyond three standard deviations (SD) of the mean*’ were considered
outliers. We removed 1,273 outliers using the Grubbs’ test and 615 outliers using the
three SD method. The percentage number of removed outliers was 2.3% of the total
data points.
2.2 Charge balance

We selected 6,124 annual average concentration data samples containing all major
charged ions (Ca*"/Mg?"/Na*/K*/SO4*/CI/HCO3") to assess data quality using the
charge balance approach (in meq = 1073 equivalents per liter). This method compared
the total charge carried by total dissolved cations (TZ"=Na* + K* + 2Mg*" + 2Ca*") to
that by total dissolved anions (TZ~ = CI” + HCO3~ + 2S04%). Given that all dissolved
ions in water should retain total neutrality, the normalized inorganic charge balance
(NICB = (TZ" — TZ)TZ* + TZ") x 100%)*!"*! should be less than 10% on average.
In our database, 5,447 annual average data (89%) met this criterion, indicating high
data quality (within the usual combined analytical uncertainty for all measurements®
42).
3. Flux calculation

To calculate the annual fluxes of DS in the world’s large rivers, we used a hybrid
approach that utilized observed annual concentrations and river flows for direct
calculation supplemented with LOAD ESTimator model results for any missing data.
The direct calculation and modeling methods are described below.
3.1 Direct calculation

Solute flux was calculated as the product of annual average concentrations (C;) and



99  annual average flow (Q:) as follows:

100 F..o=kXC(C; XQ; (S1)

101 where £ = 0.001 is the conversion coefficient, Fea is the annual flux, C; is the annual
102 average concentration of Ca*", Mg?*, Na*, K, SO4*", Cl", HCO3~, and DSi, and Q; is
103 the annual average flow for a given year at a specific station.

104 3.2 LOADEST Model

105 For any undocumented (or missing) data, we used the LOAD ESTimator
106  (LOADEST), a FORTRAN program for estimating constituent loads in streams and
107  rivers based on daily runoff data and calibrated concentrations®, to estimate any
108  missing annual flux values the direct method could not calculate. Adjusted Maximum
109  Likelihood Estimation (AMLE) was used to fit the calibration equation. Then the
110  regression model with the lowest Akaike Information Criterion (AIC) value was
111 selected as best fit from a nested series of potential models**. Finally, we supplemented
112 4,967 modeled annual average concentrations in our database, accounting for about 6.3%
113 of the entire concentration dataset.

114 Moreover, we compared modeled with observed annual average concentrations and
115  fluxes (Supplementary Fig. 10) for 15,702 data points. Whereas the modeled
116  concentrations were on average 21% lower than the observed concentrations
117 (Supplementary Fig. 10a), the modeled and observed fluxes were similar with a
118  regression slope of 0.97 (R? = 0.96). This confirmed that the modeling approach was
119  able to estimate annual fluxes of dissolved solids in close agreement with direct

120  measurements, demonstrating the validity of our hybrid approach.
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3.3 Global fluxes to the oceans

After determining the annual fluxes of DS for all the river stations, we calculated the
global fluxes of dissolved solids to the oceans using COSCAT (COastal Segmentation
and its related CATchment)* which is a well-established tool for estimating nitrogen
yield®, natural riverine silica inputs*® and river discharge*>*’ to the oceans. Here, we
applied the COSCAT methodology to estimate the fluxes of TDS and major ions (Ca*",
Mg?*, Na*, K¥, SO4*", Cl", HCOs and DSi) to coastal zones based on our dataset of
calculated fluxes with missing information taken from ancillary multi-averaged ion
concentrations provided by Meybeck and Ragu*®. For each COSCATY, the fluxes to
the oceans were calculated as follows:

For areas where data were available in our database, we computed the average yield

Y; (Mt/(km?-yr)) in each COSCAT catchment (j = 1 to 151) from

n Fpasin ij

_ 2= Apasin i)
Y = et (5))

and the fluxes in each COSCAT, Fcoscar; (Mt/yr) from
Fcoscar j = Yj X Acoscarj (S3)

where Fbasin jj 1S an individual flux in the i-th sub-basin of the j-th COSCAT catchment
for stations in our database (Mt/yr), Abasin is the area of each sub-basin (km?), 7 is the
number of sub-basins, and Acoscar; is the area of each COSCAT (km?) taken from
Meybeck et al.®.

For the remaining COSCATs where data were not available in our database and the
dataset in Meybeck and Ragu*® was instead used, we calculated the discharge-weighted

ion concentration lon+ (mg/L) from
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Ion *:M

i 7 (S4)

and Fcoscar; in each COSCAT (Mt/yr) from
Fcoscatj = k X Ion #;X Qcoscatj (S5)
where k£ = 0.001 is the conversion coefficient, Cj; and Qj; are the concentrations (mg/L)
and corresponding river discharge (km?/yr) at the i-th station of the j-th COSCAT
catchment using information from the dataset of Meybeck and Ragu*®, Qcoscar (km*/yr)
was extracted from Durr et al.*®, and » is the number of stations in each COSCAT area.
For areas without any documented data, we calculated the fluxes in each COSCAT

according to the method proposed by Durr et al.*®

. We first calculated the discharge-
weighted ion concentrations Ion++ (mg/L) in adjacent documented areas (using either

our database or the dataset in Meybeck and Ragu*®) with similar weathering conditions

and catchment properties, from:

n
lon #x;= 2= C0X)

J o, 00

where C+; and Q+; are the concentrations and corresponding river discharge at the i-th
station in the j-th COSCAT catchment. We then extrapolated the Ion* and Ion** to the
undocumented COSCAT catchment*® and the flux was calculated as:
Feoscarj = k % (Ion *; orlon *x;) X Qcoscar; (S7)

Finally, the total global fluxes were calculated as the sum of the fluxes in 151

catchments in all COSCAT exorheic areas.
Flux = %12} Fcoscatj (S8)

4. Trend analysis

We used non-parametric Mann-Kendall (MK) method***° to perform trend analysis
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of time series of duration = 5 years. In addition, trend-free pre-whitening (TFPW) in
the R package ‘modifiedmk’ ensured data independence before implementing the MK
test’!. The overall procedure is called TFPW-MK (Trend-Free Pre-Whitening Mann-
Kendall).

The MK statistic parameter (S) is determined from

S = YRz X1 sgn(x; — xi) (S9)

in which
1, Xj — X > 0

sgn(x; —x;) =4 0, X —x, =0 (S10)
—1Lx;—x, <0

where 7 is the number of data points in the time series, x; and xx are the j-th and k-th
values in the new ordered data series obtained after eliminating the autocorrelation of
the original data (j > k). For n > 10, the variance of § is obtained, using the normal
approximation test, from

_ [n-D@nt5)-3]_, tp(tp-1)2tp+5)]

Var(S) = 5 (S11)

where ¢ is the number of tied groups (or groups with the same value), and ¢, is the

number of samples in the p-th tied group. The Z parameter of the statistical test is:

S-1

P >0
Z = 0, $S=0 (S12)
S+1
w/Var(S)'S <0

The time series exhibit an increasing trend with a positive Z value, and a decreasing
trend with a negative Z value. The null hypothesis (Ho), which indicates no trend, is
trueif —Zy_q/p S Z < Z1_q/, foratwo-tailed test, in which a is the significance level.
For n < 10, if S is positive (or negative) and the probability value according to n and S

10
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(or absolute S) is less than a/2 for a two-tailed test, then Ho is rejected, and the trend is
either increasing or decreasing. In this study, a confidence level of 95% (a = 0.05) was
used. Z;y_q/, is the critical value of Z from the standard normal table; for the 5%
significant level the value of Z;_g/, is 1.96.

5. Method for determining solute-induced river syndromes

Based on the sum of total cation concentrations (X*, meg/L), Meybeck™ proposed
that ‘extremely dilute’ rivers with the least mineralized water have X" < 0.185 megq/L,
‘dilute’ rivers have X" < 0.75 meq/L, ‘medium dilute’ rivers have X" < 1.5 meq/L,
‘medium mineralized’ rivers have 1.5 meg/L <X" <3 meq/L, ‘mineralized’ rivers have
Y>3 meq/L, and ‘saline’ rivers with the most mineralized water have £* > 24 meq/L.
In combination with the trend analysis, we further defined three solute-induced river
syndromes: salinization with " > 24 meq/L and an increasing trend; mineralization
with £ > 3 meq/L and an increasing trend; and desalinization with X" < 1.5 meq/L and
a decreasing trend.

To determine whether a river experiences acidification or alkalization, both pH and
alkalinity (or acidity) must be considered* ® >3, We calculated the ratio of hardness to
alkalinity, and extracted mean pH values for rivers from the GEMS (Global
Environment Monitoring System for Water) database®*. When the ratio of hardness to
alkalinity > 1, acid input from anthropogenic sources is likely to be responsible®®. We
therefore propose the following diagnosis procedure. If the water pH < 7 and the ratio
of hardness to alkalinity > 1 and increasing with time in a river, the river is experiencing
an acidification syndrome. If pH > 7 and the ratio of hardness to alkalinity < 1 and

11
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decreasing with time, the river is undergoing an alkalization syndrome.

Finally, we examined hardness (expressed as calcium carbonate equivalent in mg/L,
CaCO3 mg/L) following the WHO classification of water hardness into soft (< 60 mg/L),
moderately hard (60-120 mg/L), hard (120-180 mg/L) and very hard (>180 mg/L)>
levels. Thus, if river water has hardness > 120 mg/L with an increasing trend, the river
has a hardening syndrome. Conversely, if river water has hardness < 60 mg/L with a
decreasing trend, it has a softening syndrome.

6. Environmental factors extraction and latitudinal distribution

First, the sub-basin boundaries were prepared for gauge stations. Catchment
boundaries were adopted from GSIM (The Global Streamflow Indices and Metadata
Archive)® according to the station coordinates for most sites. Following the catchment
delineation procedure®’, missing catchment boundaries were supplemented using
information from our datasets for other sites. We then used ArcGIS Map to extract
specific environmental factors.

The availability of catchment boundaries for each station enables association of
environmental variables to each gauge by extracting them from corresponding global-
scale gridded products. As summarized in Supplementary Table 6, 600 gauges of
catchment-scale metadata were derived from six global data products chosen to
represent natural and anthropogenic categories of catchment characteristics, with
lithology®® and Koppen-Geiger climate™ ® taken as natural factors. Land cover,
irrigation, dam, and population were considered as anthropogenic environmental
factors.

12
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For lithology in GLiM (Global Lithological Map), we reclassified the original 15
lithological subclasses and obtained four new lithological sub-classes (sedimentary,
volcanic (igneous) rocks, metamorphic rocks, and ice). The Koppen—Geiger climate
classification system, which comprised 31 climate classes each described by a three-
letter code, was reclassified into arid, temperate, tropical, cold, and polar types. In the
same way, GLCNMO (Global Land Cover by National Mapping Organization)®! was
reclassified into vegetation, urban, agriculture, and bare land. Moreover, we selected
irrigation as a percentage of total grid cell area®, DOR (degree of regulation) from
GRanD (Global Reservoir and Dam Database)®® and discharge in our datasets related
to dams, and population density from GPWv4 (Gridded Population of the World version
4)% as representative quantitative anthropogenic factors. We then plotted the latitudinal
distribution of typical environmental factors (carbonate sedimentary rocks, acid
volcanic rock, arid climate classification, temperate climate classification, global
irrigation area, and urban land cover classification) as the percentage ratio of the
specific factor area at a given latitude to its worldwide area in Fig. 5c¢ and d, and
Supplementary Fig. 7.

Finally, we extracted sub-classified factors of each global product for all available
catchments using ArcGIS Map. Then we summarized the proportional information on
the various environmental factors for 600 river stations. These metadata (comprising
percentages of different classes of catchment characteristics, and representing the
characteristics of the upstream catchment for each streamflow gauge) were calculated

from the gridded data masked.
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252 Supplementary Fig. 1 Representative large rivers for nine [Q, C] co-patterns showing discharge (Q, histograms), total dissolved
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253 solids (TDS) concentrations (C, solid line), and corresponding trends (grey dashed lines). In the nine patterns, S represents stable
254  trend, I represents increasing trend, and D represents decreasing trend. (a) Congo River at Brazzaville, (b) Campaspe River at Rochester,
255  (¢) Solimoes River at Manacapuru, (d) Weser River at Hemelingen, (e) Colorado River at Lee’s Ferry, (f) Tapajos River at Itaituba, (g)
256  Severnaya Dvina River at Ust Pinega, (h) Yellow River at Luokou, and (i) Mississippi River at Clinton. All trends are significant at the

257 0.05 significance level, and the dashed lines are the regression lines.
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259  Supplementary Fig. 2 Nine [Q, C] co-varying patterns for discharge (Q) and dissolved solids concentrations (C), and their global
260  distributions. a~h represent Ca**, Mg?*, Na*, K*, SO4*, Cl', HCOs", and dissolved silica (DSi). Histograms show the distribution of nine
261  patterns in each continent and the number of river stations exhibiting each pattern in the world’s large rivers. All trends are significant at

262  the 0.05 significance level.
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Supplementary Fig. 3 Representative large rivers for nine [Q, C] co-varying patterns showing discharge (Q, histograms), dissolved
ion concentrations (C, solid line), and corresponding trends (grey dashed lines). In the nine patterns, S represents stable trend, I
represents increasing trend, and D represents decreasing trend. (a) Ca®": Clinton at Mississippi River, (b) Mg?": Clinton at Mississippi
River, (¢) Na*: Clinton at Mississippi River, (d) K*: Toudaoguai at Yellow River, (e) SO4>: Datong at Yangtze River, (f) Cl": Toudaoguai
at Yellow River, (g) HCOs™: Salekhard at Ob’ River, (h) dissolved silica (DSi): Lee’s Ferry at Colorado River. All trends are significant at

the 0.05 significance level.
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Supplementary Fig. 4 Warning signs and thresholds of solute metrics for
identification of solute-induced river syndromes. a illustrates the thresholds of solute
metrics used to identify solute-induced river syndromes. b~h present seven river
syndromes associated with temporal variation in solute concentration. The critical line
indicates the threshold used to identify a solute-induced river syndrome. The warning

line represents the status when a specific solute metric reaches 90% of one of the
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277  corresponding thresholds (e.g. =" (Ca**+Mg**+Na"+K") at 21.6 meq/L, 2.7 meq/L, and
278 1.7 meq/L for salinization, mineralization, and desalinization; hardness/alkalinity at 0.9
279  and 1.1 for acidification and alkalization; and hardness (CaCO3) at 108 mg/L and 66

280  mg/L for hardening and softening).
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Supplementary Fig. 6 Gibbs model for stations with solute-induced river
syndromes with varying trends in total dissolved solids (TDS) concentrations in
three typical latitudinal belts. Purple, blue, and yellow triangles respectively

represent gauge stations with decreasing, stable, and increasing TDS trends.
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Supplementary Fig. 7 Latitudinal distribution of typical environmental factors.
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Supplementary Fig. 8 Redundancy analysis (RDA) results for dissolved solids and

environmental factors in the world’s large rivers. a, for natural factors

(reclassification for Kdppen climate and lithology) in 68 sites with solute-induced river

syndromes. b, for anthropogenic factors (irrigation, population, degree of regulation

(DOR), and detailed reclassification of land cover) in 68 sites with solute-induced river

syndromes. DSi represents dissolved silica.
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305  Supplementary Fig. 9 Redundancy analysis (RDA) for dissolved solids in the
306  world’s large rivers for natural factors (sub-classification of sedimentary and
307  igneous (volcanic) rocks). a, in 68 sites with solute-induced river syndromes. b, in 58
308  sites with solute-induced river syndromes in critical latitudinal belts. IG and SE

309  represent igneous and sedimentary rocks. DSi represents dissolved silica.
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315
316

317

Supplementary Table 1 Summary of underlying natural and human causes of water quality in total dissolved solids (TDS) trends for
nine [Q, Crps] co-varying patterns of discharge (Q) and TDS concentrations (Ctps)

Pattern

Representative gauge station
in world’s large river

Causes for [Q, Crps] trends

Pattern I

Pattern II

Pattern II1

Pattern IV

Pattern V

Congo River at Brazzaville

Campaspe River at
Rochester

Solimoes River at
Manacapuru

Weser River at Hemelingen

Colorado River at Lee’s
Ferry

The Brazzaville station in the Congo River of Aftrica had relatively stable O and Ctps (Pattern
I) from 2005-2015, as shown in Supplementary Fig. 1a. This is reasonable because the river is
located in a geologically old and highly degraded shield, and its basin comprises 50% tropical
rain forest and has experienced negligible changes in precipitation over several decades®> 6.

The large decrease of annual discharge in the Campaspe River (Supplementary Fig. 1b),
affecting the whole of southern Australia®’, likely resulted from lower autumn and winter
rainfall, fewer high rainfall years, and increased temperature®®. However, effective salinity
control in the Rochester Irrigation Area has helped maintain stable Crps over time®’.

The Solimoes River, the largest tributary of the Amazon River, experienced stable TDS and
increasing river discharge between 1995-2015 at the Manacapuru station (Pattern III,
Supplementary Fig. 1c). This was due to increasing atmospheric water vapor import from the
warming tropical Atlantic and intensified chemical weathering by higher precipitation, which
compensated Crps dilution by the increased river discharge.

The Weser River had a sharp decline of TDS and a stable river discharge trend between 1979
and1998 (Pattern IV, Supplementary Fig. 1d), due to reduced human interference (e.g., mining,
agriculture, etc.) and effective conservation management’!> 72,

The Colorado River at Lee’s Ferry station exhibited decreasing O and Crps between 1926 and
2018 (Pattern V, Supplementary Fig. le), which could be attributed to damming and
conservation management for decreasing TDS?, severe climate change’, droughts” and
increasing water withdrawal in the upper Colorado River Basin from 1995 to 2000 for
decreasing river discharge’®.
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318  Supplementary Table 1 Summary of underlying natural and human causes of water quality in total dissolved solids (TDS) trends for
319  nine [Q, Crps] co-varying patterns of discharge (Q) and TDS concentrations (Ctps) (continued)

Pattern

Representative gauge station
in world’s large river

Causes for [Q, Crps] trends

Pattern VI

Pattern VII

Pattern VIII

Pattern IX

Tapajos River at Itaituba

Severnaya Dvina River at
Ust Pinega

Yellow River at Luokou

Mississippi River at Clinton

The Tapajos River, the fifth largest tributary of the Amazon River in the central north of
Brazil”’, experienced decreasing Ctps and increasing river discharge (Pattern VI,
Supplementary Fig. 1f) between 1997 and 2014. Compared with the Amazonian Solimoes
River, the discharge of the Tapajos River was ten times lower because of its smaller basin size.
Limited TDS loading, river dilution’® and basin effects’’ could have contributed to the
decreasing trend in TDS concentration.

In the Arctic region, the Severnaya Dvina (S. Dvina) River at Ust Pinega station (Pattern VII,
Supplementary Fig. 1g) exhibited no river discharge trend variations resulting from longer ice
duration” *°, The significant increase in TDS concentration was probably due to accelerated
elemental cycling and export through increased plant productivity in a warming climate®! 82,

The discharge at the Luokou station in the lower reach of the Yellow River displayed a sharp
decreasing trend, caused by decreasing precipitation, and increasing water withdrawal for
intensified agricultural irrigation®3, whereas the increasing Crps trend is mainly attributed to
the concentration effect of low river flow® and saline irrigation return waters’ (Pattern VIII,
Supplementary Fig. 1h).

At Clinton Station, the Mississippi River showed increasing Q and Crps between 1956-2017
(Supplementary Fig. 1i, in agreement with Raymond et al.** who reported increasing river
discharge and HCO3™ concentrations, mainly due to agricultural practices (e.g., fertilizer use,
liming, and irrigation). The present study corroborates earlier findings that continental US
rivers have been experiencing freshwater salinization syndrome®’.

320
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321  Supplementary Table 2 Estimated global fluxes of dissolved solids to the oceans

Discharge Area TDS Ca* Mg* Na* K" S04~ CI” HCO;  DSi References
km?/yr ear Mkm? Mt/yr
31400 1989 / 3600 500 124.8 138 46.8 294 117.15 1989 390 86
37400 1999 148.17 3618 500 126 195 48 202 217 1946 389 87
36000 2011 105 3800 / / / / / 360 / 330 n
39080 2019 114.7 6393 783 215 362 78 711 652 2421 363 Present study

322 Note: TDS represents total dissolved solids; DSi represents dissolved silica.
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323 Supplementary Table 3 Summary of redundancy analysis (RDA) vector reports for dissolved solids concentrations and typical natural
324  environmental factors at 68 sites with solute-induced river syndromes and 58 syndrome sites in the critical latitudinal belts (““*#*”, «#*>
325 k7 «” and “ ” represent correlations at significant levels of 0.001, 0.01, 0.05, 0.1, and 1 (2-tailed); 1? indicates correlation coefficient
326  square; a indicates significance. The symbols have the same meanings in the following tables)

68 sites 58 sites
Environmental factors
R1 R2 1’ p a R1 R2 r’ p o
Tropical 0.98 0.20 0.23 0.001 ok -0.98 -0.18 0.25 0.001 *oack
Arid -0.93 -0.37 0.25 0.001 ok 0.93 0.36 0.26 0.001 ok
Temperate 0.34 -0.94 0.28 0.001 ok -0.47 0.88 0.27 0.001 koaok
Cold -0.53 0.85 0.41 0.001 koxk 0.61 -0.79 0.43 0.001 ok
Polar -0.46 0.89 0.11 0.024 * 0.51 -0.86 0.13 0.022 *
Sedimentary -0.85 0.53 0.18 0.001 ok 0.91 -0.42 0.17 0.01 **
Volcanic 0.90 -0.43 0.09 0.032 * -0.90 0.43 0.12 0.038 *
Metamorphic 0.96 0.28 0.30 0.001 Hoak -0.94 -0.33 0.33 0.001 koxk
Ice 0.12 0.99 0.02 0.367 0.97 0.26 0.01 0.817
327
328

29



329  Supplementary Table 4 Summary of redundancy analysis (RDA) vector reports for dissolved solids concentrations and typical
330  anthropogenic environmental factors at 68 sites with solute-induced river syndromes and 58 syndrome sites in the critical latitudinal belts

68 sites 58 sites
Environmental factors
R1 R2 1 p R1 R2 1’ p

Population -0.57 -0.82 0.04 0.300 0.95 0.32 0.03 0.508
Vegetation 1.00 0.09 0.13 0.012 -1.00 0.03 0.14 0.016
Agriculture -0.89 -0.46 0.07 0.086 1.00 -0.03 0.09 0.066
Bare land -0.79 0.62 0.08 0.064 0.87 -0.50 0.11 0.052
Urban -0.94 -0.33 0.09 0.042 1.00 0.05 0.10 0.072
Irrigation -0.57 -0.82 0.12 0.028 0.76 0.64 0.13 0.019

DOR -0.89 0.45 0.03 0.439 0.71 -0.71 0.06 0.193

331  Note: DOR represents degree of regulation.

332
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333  Supplementary Table 5 Summary of redundancy analysis (RDA) vector reports for dissolved solids concentrations and sub-classified
334 rocks at 68 sites with solute-induced river syndromes and 58 syndrome sites in the critical latitudinal belts

68 sites 58 sites
Environmental factors
R1 R2 1’ p o R1 R2 1’ p o
Acid (IG) -0.78 -0.62 0.19 0.001 *oxk 0.87 -0.49 0.23 0.002 *oE
Basic (IG) 0.08 -1.00 0.12 0.019 * 0.17 -0.99 0.10 0.050 *
Intermediate (IG) 0.64 -0.77 0.03 0.336 -0.52 -0.86 0.01 0.686
Evaporites 0.84 0.54 0.01 0.860 0.14 0.99 0.01 0.868
Siliciclastic (SE) 0.98 0.21 0.01 0.844 -0.56 0.83 0.01 0.816
Carbonate (SE) 0.96 -0.26 0.47 0.001 *oxk -0.94 -0.35 0.51 0.001 *oxE

335  Note: IG and SE represent igneous (volcanic) and sedimentary rocks, respectively.
336
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337  Supplementary Table 6 Global data products used for extracting natural and anthropogenic factors driving water chemistry in the world’s

338 large rivers

Variables Data sources Spatial resolution Refer.ence
period
The Global Lithological Map v1.0 (GLiM) dataset (Hartmann and Moosdorf,
2012%%)
Lithology https://www.clisap.de/research/b:-climate-manifestations-and-impacts/ 0.5 arc deg x 0.5 arc deg -
crg-chemistry-of-natural-aqueous-solutions/global-lithological-map/
(last access: 15 Dec. 2019)
) World map of K&ppen—Geiger climate classification system
Chmzte (Rubel and Kottek, 2010°%) 5 arcmin x 5 arcmin 1951-2000
wp http://koeppen-geiger.vu-wien.ac.at (last access: 15 Dec. 2019)
Global Land Cover by National Mapping Organizations (GLCNMO)
Land cover o 61 . 30 arcsec x 30 arcsec 2003
(Tateishi et al., 2011°") http://www.iscgm.org/ (last access: 15 Dec. 2019)
Global Map of Irrigation Areas version 5 (Siebert et al., 2019%%)
Irrigation http://www.fao.org/aquastat/en/geospatial-information/ 5 arcmin X 5 arcmin Around 2005
global-maps-irrigated-areas/latest-version (last access: 15 Dec. 2019)
Global Reservoir and Dam (GRanD), version 1 (Lehner et al., 2011%) 6862 data points storage
Dams http://sedac.ciesin.columbia.edu/data/set/grand-v1-dams-rev01 capacity -
(last access: 15 Dec. 2019) of more than 0.1 kn’
Gridded Population of the World (GPW) version 4 (CIESIN, 2016%*)
Population http://sedac.ciesin.columbia.edu/data/set/gpw-v4-population-count 30 arcsec x 30 arcsec 2005

(last access: 15 Dec. 2019)
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340  Supplementary Table 7 Data sources for concentrations of dissolved ions in world’s large rivers

Data sources Nu@ber of Record years Access time
sites
Arctic Great Rivers Observatory 6 2003-2017 Sep. 2018
(ARCTIC-GRO)
Australian databases (Provincial Survey of New South Wales, Waterwatch 64 1973-2008 Sep. 2019
Victoria, and Environmental Protection Agency for South Australia)
Canada’s National Water Data Archive (HYDAT) 37 1970-2017 Sep. 2018
Confederacion Hidrografica del Ebro 1 1987-2014 Sep. 2018
Datenportal der Flussgebietsgemeinschaft (FGG) Elbe 1 1980-2016 Sep. 2018
Flussgebietsgemeinschaft Weser (FGG Weser) 2 1979-2016 Sep. 2018
Global Environment Monitoring System for Water (GEMS) 312 1966-2016 Sep. 2018
Hydrological Yearbooks of the People's Republic of China 5 1964-2011 Sep. 2018
Rijkswaterstaat 4 1960-2016 Sep. 2018
the Observation Service SO HYBAM (HYBAM) 18 1994-2016 Sep. 2018
United States Geological Survey (USGS) 190 1915-2018 Sep. 2019
Literature sources 29 1958-2012 Sep. 2018
341
342
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343  Supplementary Table 8 Data sources for runoff in world’s large rivers

Data sources Number of sites Record years Access time

Arctic Great Rivers Observatory 6 2003-2017 Sep. 2018
(ARCTIC-GRO)

Australian databases (Provincial Survey of New South Wales, Waterwatch 58 1973-2011 Sep. 2019

Victoria, and Environmental Protection Agency for South Australia)
Canada’s National Water Data Archive (HYDAT) 36 1970-2016 Sep. 2018
Confederacion Hidrografica del Ebro 1 1987-2014 Sep. 2018
Datenportal der Flussgebietsgemeinschaft (FGG) Elbe 1 1980-2016 Sep. 2018
Equipe d'Administration de la Banque HYDRO (HYDRO) 2 1979-1993 Sep. 2018
Flussgebietsgemeinschaft Weser (FGG Weser) 2 1979-2015 Sep. 2018
PKU-IEE- WLRs-WS-NL2006 Database 417 1946-2018 Sep. 2019
Rijkswaterstaat 4 1961-2016 Sep. 2018
The Observation Service SO HYBAM (HYBAM) 18 1994-2016 Sep. 2018
United States Geological Survey (USGS) 127 1951-2018 Sep. 2019
Literature and online web sources 29 1960-2015 Sep. 2018
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345  Supplementary Table 9 Numbers of stations with dissolved solids concentration (DS,
346 () and river runoff (Q) data of various record lengths

Record length - 9 N + - ) ; b c

(Years) Ca™ Mg Na K"  SO4 CI" HCO; DSi° TDS® Q
<5 65 63 78 75 72 75 82 52 91 104

[5, 10)* 62 50 63 66 66 76 67 64 89 83
[10,20) 147 132 139 130 141 149 152 114 131 151
[20, 30) 90 91 77 78 94 91 92 74 85 96
[30, 40) 40 41 38 38 41 47 41 37 42 43
[40, 50) 27 28 27 26 30 24 21 21 28 30
>50 28 26 25 25 31 36 18 23 29 39
Sum 459 431 447 438 475 498 473 385 495 546

347  ? Right parenthesis indicates that record length is not inclusive.
348  PDissolved silica.

349  °Total dissolved solids.
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