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Abstract: Chromophoric dissolved organic matter (CDOM) plays a vital role in the 8 

biogeochemical cycle in aquatic ecosystems. The relationship between CDOM and 9 

dissolved organic carbon (DOC) has been investigated, and the significant relationship 10 

lays the foundation for the estimation of DOC using remotely sensed imagery data. An 11 

algorithm has been developed to retrieve DOC via CDOM absorption (aCDOM) at 275 12 

and 295 nm for coastal waters, but it is still unclear for the relationship between DOC 13 

and aCDOM in other types of waters. The current study examined the samples from 14 

freshwater lakes, saline lakes, rivers and streams, urban water bodies, and ice-covered 15 

lakes in China for tracking the variation of the relationships between DOC and CDOM. 16 

The regression model slopes for DOC versus aCDOM(275) ranged from extreme low 0.33 17 

(highly saline lakes) to 1.03 (urban waters) and 3.13 01 (river waters). The low values 18 

were observed in saline lake waters and waters from semi-arid or arid regions where 19 

strong photo-bleaching is expected due to thin ozone layers, less cloud cover, longer 20 

water residence time and daylight hours. In contrast, high values were found in waters 21 

developed in wetlands or forest in Northeast China, where massivemore organic matter 22 
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was transported from catchment to waters. The study also demonstrated that stronger 23 

relationships between CDOM and DOC were revealed when aCDOM(275) were sorted 24 

by the ratio of aCDOM(250) to /aCDOM(365), which is a tracer for the CDOM absorption 25 

with respect to its composition, and the determination of coefficient of the regression 26 

models ranged from 0.78 75 to 0.99 98 for different groups of waters. Our results 27 

indicated the relationships between CDOM and DOC are variable for different inland 28 

waters, and therefore remote sensingthus models for DOC estimation through linking 29 

with CDOM absorption need to be tailored according to water types. 30 

 31 
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1. Introduction 34 

Compared with other terrestrial ecosystems, e.g., forest and grassland, iInland waters 35 

only occupy a small fraction (3.5%) of the earth surface (Verpoorter et al., 2014). 36 

However, they play a disproportional role for the global carbon cycling with respect to 37 

carbon transportation, transformation and carbon storage (Tranvik et al., 2009; 38 

Raymond et al., 2013; Verpoorter et al., 2014; Yang et al., 2015). According to Tranvik 39 

et al. (2009), 2.9 Pg C was transported from terrestrial ecosystems to inland waters 40 

every year, of which about 0.6 Pg C was buried in the lake sediment, 1.4 Pg C was 41 

released into the air as CO2 or CH4, and the rest of 0.9 Pg C was exported to the ocean 42 

via river channels. However, the amount of dissolved organic carbon (DOC) stored in 43 

the inland waters is still unclear or the uncertainty is still needed to be evaluated 44 

(Tranvik et al., 2009). Determination DOC concentration is straightforward through 45 

field sampling and laboratory analysis (Findlay and Sinsabaugh, 2003). However, there 46 

are millions of lakes in the world, and many of them are remote and inaccessible, 47 

making it impossible to evaluate DOC concentration using routine approach (Cardille 48 

et al., 2013; Brezonik et al., 2015; Pekel et al., 2016). Researchers have found that 49 

remote sensing might provide a promising tool for quantification of DOC of inland 50 

waters at large scale through linking DOC with chromophoric dissolved organic matter 51 

(CDOM), particularly for these inland waters situating in remote region area with less 52 

accessibility (Cole et al., 2007; Tranvik et al., 2009; Kutser et al., 2015; Brezonik et al., 53 

2015). 54 

CDOM is one of the largest bioactive reservoirs of organic matter on the earth (Para 55 
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et al., 2010), influencing light transmittance in aquatic ecosystems (Vodacek et al., 1997; 56 

Williamson and Rose, 2010). As one of the optically active constituents (OACs) in 57 

waters, CDOM can be estimated through remotely sensed signals (Yu et al., 2010; 58 

Kutser et al., 2015), and is acted as a proxy in many regions for the amount of DOC in 59 

the water column. As shown in Fig.1, CDOM and DOC in the aquatic ecosystems are 60 

mainly originated from external (allochthonous) and internal (autochthonous) sources, 61 

in addition to directly discharge from anthropogenic activities (Zhou et al., 2016). 62 

Generally, the autochthonous CDOM is essentially originated from algae and 63 

macrophytes, and mainly consists of various compounds of low molecular weights 64 

(Findlay and Sinsabaugh, 2003; Zhang et al., 20092010). While, the allochthonous 65 

CDOM is mainly derived from the surrounding terrestrial ecosystems, and it comprises 66 

a continuum of small organic molecules to highly polymeric humic substances with 67 

compounds typically ranging from 100 to 100,000 Da. In terms of CDOM originates 68 

from anthropogenic, it contains fatty acid, amino acid and sugar, thus the composition 69 

of CDOM is more complex than that from natural systems (Zhou et al., 2016; Zhao et 70 

al., 2016a). Hydrological factors also affects the DOC and CDOM characteristic. The 71 

concentrations of and the relationship between CDOM and DOC in river waters depend 72 

on many factors, in which the water type, the seasonality and climatology, the typology 73 

of the water, the surrounding landscapes. and Pparticularly, the discharge and catchment 74 

area are the most important ones (Neff et al., 2006; Spencer et al., 2012; Alvarez-75 

Cobelas et al., 2012). 76 

[Insert Fig.1 about here] 77 
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CDOM is a major light-absorbing substanceconstituent, which is partially 78 

responsible for much of the color in waters (Bricaud et al., 1981; Reche et al., 1999; 79 

Babin et al., 2003). The chemical structure and origin of CDOM can be characterized 80 

by its absorption coefficients (aCDOM(λ)) and spectral slopes (De Haan and De Boer, 81 

1987; Helms et al., 2008). Weishaar et al. (2003) has proven that the carbon specific 82 

absorption coefficient at 254 nm, e.g., SUVA254 is a good tracer for the aromaticity of 83 

humic acid in CDOM, while the ratio of CDOM absorption at 250 to 365 nm, i.e., 84 

(aCDOM(250)/aCDOM/(365), herein, M value,s) has been successfully used to track the 85 

changes in DOM molecule molecular weight (De Haan and De Boer, 1987; Zhang et 86 

al., 2010) and absorption intensity (Song et al., 2013). Biodegradation and 87 

photodegradation are the major processes to determine the transformation and 88 

composition of CDOM (Findlay and Sinsabaugh, 2003; Zhang et al., 2010), which 89 

ultimately affect the relationship between DOC and CDOM (Spencer et al., 2012; Yu 90 

et al., 2016). With prolonged sunlight absorbed by CDOMradiation, some of the colored 91 

fraction of CDOM is lost by the photobleaching processes (Miller et al., 1995; Zhang 92 

et al., 2010), which can be measured by the light absorbance decreasing at some specific 93 

(diagnostic) wavelength, e.g., 250, 254, 275, 295, 360 365 orand 440 nm.  94 

It should be noted that aCDOM(440) is usually used by remote sensing community 95 

due to this wavelength is less affected overlapped  bywith phytoplanktonpigment 96 

absorption at 443 nm(Lee et al., 2002), thus reporting aCDOM(440) has potential to 97 

improve chlorophyll-a estimation accuracy (Lee et al., 2002). Under this circumstance, 98 

the relationship between CDOM and DOC varies since CDOM loses color while the 99 
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variation of DOC concentration is almost negligible. Saline or brackish lakes in the arid 100 

or semi-arid regions generally expose to longer sunlight radiation, thus CDOM 101 

absorbance decreases, while DOC is accumulated due to the longer residence time 102 

(Curtis and Adamset al., 19971995; Song et al., 2013; Wen et al., 2016). Compared to 103 

photodegradation on CDOM, the biodegradation processes by microbes are much 104 

complicated, and extracellular enzymes are the key substance required to decompose 105 

the high-molecular-weight CDOM into low-molecular-weight substrates (Findlay and 106 

Sinsabaugh, 2003; Romera-Castillo et al., 2012). With compositional change, the 107 

absorption feature of CDOM and its relation to DOC varies correspondingly, but the 108 

relationship between CDOM and DOC is far from solved (Gonnelli et al., 2013). In 109 

addition, the SUVA254 and aCDOM(250/365)M value may be used to classify CDOM into 110 

different groups and enhance the relationship with DOC based on CDOM absorption 111 

grouping. 112 

Some studies have researched investigated the spatial and seasonal variations of 113 

CDOM and DOC in ice free season in lakes, rivers and oceans (Vodacek et al., 1997; 114 

Neff et al., 2006; Stedmon et al., 2011; Brezonik et al., 2015), but less is known about 115 

saline lakes (Song et al., 2013; Wen et al., 2016). Even less is known, particularly about 116 

urban waters influenced by sewage effluent and waters with ice cover in winter (Belzile 117 

et al., 2000, 2002; Zhao et alb., 2016b). The relationship between DOC and CDOM 118 

lays the foundation for the remote sensing estimation of DOC in both inland waters (Yu 119 

et al., 2010; Griffin et al., 2011; Zhu et al., 2014; Brezonik et al., 2015) and marine 120 

(Hoge et al., 1996; Bricaud et al., 2012; Nelson et al., 2012). The significant relationship 121 
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between CDOM and DOC was observed in the Gulf of Mexico, and stable regression 122 

model was established between DOC and aCDOM(275) and aCDOM(295) (Fichot and 123 

Benner, 2011). Similar results were also found in other estuaries along a salinity 124 

gradient, for example the Finish GulfBaltic Sea surface water (Kowalczuk et al., 125 

200610) and the Chesapeake Bay (Le et al., 2013). However, Chen et al. (2004) found 126 

that the relationship between CDOM and DOC was not conservative due to estuarine 127 

mixing or photo-degradation. Similar arguments were raised for Congo River (Spencer 128 

et al. 2009) and waters across mainland USA (Spencer et al., 2009, 2012). The study 129 

on the relationship between DOC and CDOM in Lake Taihu found a relatively stable 130 

relationship for water samples collected in different seasons except winter (Jiang et al. 131 

2012). However, seasonal variations were observed in some studies due to the mixing 132 

of various endmembers of CDOM from different terrestrial ecosystems and internal 133 

source (Zhang et al., 2010; Spencer et al., 2012; Yu et al., 2016; Zhou et al., 2016). 134 

Along with laboratory measurements, portable instruments deployed in river or streams 135 

provide great potential to quantify DOC and CDOM at very dynamic manner (Lee et 136 

al., 2015; Yu et al., 2016). 137 

According to Fig.1, the proposed hypothesis suggests that the main source of 138 

CDOM and DOC in different waters vary, coupled with biogeochemical processes 139 

(photobleaching and microbial degradation), resulting in the compositional differences, 140 

and ultimately affects CDOM absorption and its relationship with DOC. Hydrological 141 

feature and anthropogenic processes further cause the relationship between CDOM and 142 

DOC varies both in time and space. Remote sensing technology has increasingly played 143 
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a vital role in quantifying carbon cycling in inland waters (Tranvik et al., 2009; 144 

Raymond et al., 2013). However, the prerequisite is to systematically examine the 145 

relationship between CDOM and DOC. In this study, the characteristics of DOC and 146 

CDOM in different inland waters across China were examined to determine the spatial 147 

feature associated with landscape variations, hydrologic conditions and saline gradients. 148 

The objectives of this study are to: 1) examine the relationship between CDOM and 149 

DOC concentrations across a wide range of waters with various physical, chemical and 150 

biological conditions, and 2) develop a model for the relationship between DOC and 151 

CDOM based on the sorted CDOM absorption feature, e.g., the ratio of aCDOM(250/365) 152 

M value with aiming to improve the regression modeling accuracy.  153 

 154 

2. Materials and Methods 155 

The dataset is composed of five subsets of samples collected from various types of 156 

waters across China (Table 1, Fig.2), which encompassed a wide range of DOC and 157 

CDOM. The first dataset (n = 288; from early spring 2009 to late October 2014) 158 

includes samples collected in freshwater lakes and reservoirs during the growing season 159 

with various landscape types. The second dataset (n = 345; from early spring 2010 to 160 

late mid-September 2014) includes samples collected in brackish to saline water bodies. 161 

The third dataset (n =322; from early May 2012 to late October 2014) includes samples 162 

collected in rivers and streams across different basins in China. In addition, 69 samples 163 

were collected from three sections along the Songhua Rive, the Yalu and the Hunjiang 164 

River during the ice free period in 2015 to examine the impact of river flow on the 165 
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relationship between DOC and CDOM (see Fig.S1 for location). The fourth dataset (n 166 

= 328; from 2011 to 2014 in the ice frozen season) includes samples collected in 167 

Northeast China in winter from both lake ice and underlying waters. The fifth dataset 168 

(n = 221; from early May 2013 to mid-October 2014) collects samples in urban water 169 

bodies, including lakes, ponds, rivers and streams, which were severely polluted by 170 

sewage effluents. City maps and Landsat imagery data acquired in 2014 or 2015 were 171 

used to delineate urban boundaries with ArcGIS 10.0 (ESRI Inc., Redlands, California, 172 

USA), and water bodies in these investigated cities constrained by urban boundaries 173 

were considered as urban water bodies. Except river samples, the sampling dates, water 174 

body names and locations of other types of water bodies were provided in 175 

supplementary Table S1-3. 176 

[Insert Fig.2 about here] 177 

2.1 Water quality determination 178 

Water samples were collected approximately 0.5m below the water surface at each 179 

station, generally locating in the middle of water bodies. Water samples were collected 180 

in two 1 L amber HDPE bottles, and kept in coolers with ice packs in the field and kept 181 

in refrigerator at 4℃ after shipping back to the laboratory; . aAll samples were 182 

preprocessed (e.g., filtration, pH and electrical conductivity (EC) determination) within 183 

two days in the laboratory. Water salinity was measured using DDS-307 EC meter 184 

(μS/cm) at room temperature (20±2℃) and converted to in situ salinity, expressed in 185 

practical salinity units (PSU), in the laboratory. Water samples were filtered using 186 

Whatman cellulose acetone filter with pore size of 0.45 μm. Chlorophyll-a (Chl-a) was 187 
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extracted and concentration was measured using a Shimadzu UV-26002050PC 188 

spectrophotometer, the details can be found in (Song et al., 2013)Jeffrey and Humphrey 189 

(1975). Total suspended matter (TSM) was determined gravimetrically using pre-190 

combusted Whatman GF/F filters with 0.7μm pore size, details can be found in Song et 191 

al. (2013). DOC concentrations were measured by high temperature combustion (HTC) 192 

with water samples filtered through 0.45 μm Whatman cellulose acetone filters (Song 193 

et al., 2013; Zhao et al., 2016a). The standards for dissolved total carbon (DTC) were 194 

prepared from reagent grade potassium hydrogen phthalate in ultra-pure water, while 195 

dissolved inorganic carbon (DIC) were determined using a mixture of anhydrous 196 

sodium carbonate and sodium hydrogen carbonate. DOC was calculated by subtracting 197 

DIC from DTC, both of which were measured using a Total Organic Carbon Analyzer 198 

(TOC-VCPN, Shimadzu, Japan). Total nitrogen (TN) was measured based on the 199 

absorption levels at 146 nm of water samples decomposed with alkaline potassium 200 

peroxydisulfate. Total phosphorus (TP) was determined using the molybdenum blue 201 

method after the samples were digested with potassium peroxydisulfate (APHA, 1998). 202 

pH was measured using a PHS-3C pH meter at room temperature (20±2℃). 203 

2.2 CDOM absorption measurement 204 

All water samples were filtered at low pressure at two steps: 1) filtered at low pressure 205 

through a pre-combusted Whatman GF/F filter (0.7μm), and 2) further filtered through 206 

pre-rinsed 25 mm Millipore membrane cellulose filter (0.22 µm). Absorption spectra 207 

were obtained between 200 and 800 nm at 1 nm increment using a Shimadzu UV-208 

2600PC UV-Vis dual beam spectrophotometer (Shimadzu Inc., Japan) through a 1 cm 209 
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quartz cuvette (or 5 cm cuvette for ice melted water samples). Milli-Q water was used 210 

as reference for CDOM absorption measurements. The Napierian absorption coefficient 211 

(aCDOM) was calculated from the measured optical density (OD) of samples using Eq. 212 

(1):  213 

( ) ( )( ) 2.303[ ] /CDOM S nulla OD OD                     (1) 214 

where β is the cuvette path length (0.01 or 0.05m) and 2.303 is the conversion factor of 215 

base 10 to base e logarithms. To remove the scattering effect from the limited fine 216 

particles remained in the filtered solutions, a necessitated correction was implemented 217 

by assuming the average optical density over 740–750 nm to be zero (Babin et al., 2003). 218 

All absorption measurements were conducted within 48 h after the samples were 219 

shipped back to the laboratory. In addition, SUVA254 and aCDOM(250/365)M values were 220 

calculated to characterize CDOM with respect to their compositional features. In 221 

addition, and group aCDOM was divided into different groups according to M values by 222 

hierarchical cluster approach, which was performed in SPSS software package with the 223 

pairwise distance between samples was measured by squared Euclidean distance and 224 

the clusters were linked together by Ward’s linkage method (Ward Jr, 1963). The 225 

method has been applied to classify the waters into different types according the remote 226 

sensing spectra (Vantrepotte et al., 2012; Shi et al., 2013). with respect to their 227 

compositional features and try to link DOC based on CDOM grouping.  228 

3. Results and discussion 229 

3.1. Biological and geochemicalWater quality characteristics 230 

The biological and geochemical properties in the water bodies are diverse. Chl-a 231 
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concentrations (46.44±59.71 µg/L) changed from 0.28 to 521.12µg/L, with the mean 232 

of 46.44 µg/L. TN and TP concentrations were very high in fresh lake waters, saline 233 

lakes water and particularly urban water bodies (Table 1), indicating that most of the 234 

waters are heavily eutrophic. It is worth noting that Chl-a concentration was still high 235 

7.3±19.7µg/L even in ice-covered lakes in winter from Northeast China, which resulted 236 

from high TN (4.3±5.4mg/L) and TP (0.7±0.6mg/L) concentrations even under ice 237 

cover. Electric conductivity (EC) and pH were high in the semi-arid and arid regions, 238 

and they were 1067-41000 µs/cm and 7.1-11.4, respectively. This is due to specific 239 

regional hydro-geologic and climatic conditions. The results are consistent with 240 

previous findings (Song et al., 2013; Wen et al., 2016). Overall, waters were highly 241 

turbid with high TSM concentrations (119.55 ± 131.37 mg/L), but there were big and 242 

apparent variations were observed forbetween different types of waters (Table 1). 243 

Hydrographic conditions exerted strong impact on water turbidity and TSM 244 

concentration, thus these two parameters of river and stream samples were excluded in 245 

this study (Table 1). Large variations of water quality parameters in the extensive 246 

geographic area, for example in China, provide a more comprehensive dataset for 247 

examining the relationship between DOC and CDOM, and the result is very helpful for 248 

establishing remote sensing models to estimate DOC through CDOM absorption 249 

properties (Cardille et al., 2013; Zhu et al., 2014; Kutser et al., 2015). 250 

[Insert Table 1 about here] 251 

3.2. DOC concentrations in different types of waters 252 

DOC concentrations changed remarkably in the investigated waters (Table 1). DOC 253 
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concentrations were low in rivers, while they were much lower in ice melting waters 254 

sampled in winter, which is consistent with previous findings (Bezilie et al., 2002; Shao 255 

et al., 2016). It should be noted that large variations were observed in water samples 256 

from rivers and streams (Table 2) (Raymond and Saiers, 2010; Ward et al., 2012), due 257 

to the strong connection with hydrological condition and catchment landscape features 258 

(Neff et al., 2006; Agren et al., 2007; Lee et al., 2015). Generally, low DOC 259 

concentrations were found in rivers or streams in the drainage systems in Tibetan 260 

Plateau or arid regions in Northwest China where soil contains relative low level of soil 261 

organic carbon, but the high DOC concentrations were found in rivers or streams 262 

surrounded by forest or wetlands in Northeast China. The similar findings were reported 263 

by Agren et al. (2007, 2010). Among the five types of waters, relatively higher DOC 264 

concentrations, ranging from 2.3 to 300.6 mg/L, were found in many saline lakes, in 265 

the Songnen Plain, the HulunBuir Plateau and some areas in Tibetan Plateau (see Fig.2 266 

for location), which is consistent with previous investigations conducted in the semi-267 

arid or arid regions (Curtis et al., 1995; Song et al., 2013; Wen et al., 2016). However, 268 

some of saline lakes supplied by snow melt water or ground water exhibited relatively 269 

lower DOC concentrations even with high salinity. Compared with samples collected 270 

in growing seasons, higher DOC concentrations (7.3-720 mg/L) were observed in ice-271 

covered water bodies, due to the condensed effect caused by the DOC discharged from 272 

ice formation (Bezilie et al., 2002; Shao et al., 2016). This condensed effect was 273 

particularly marked in these shallow water bodies where ice forming remarkably 274 

condensed the DOC in the underlying waters (Zhao et al., 2016a). Even in rivers or 275 
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saline lakes, the concentrations of DOC demonstrated obvious variations (Table 2). 276 

Comparatively, rivers from Qinghai exhibited lower DOC concentration, while these 277 

from the Liaohe and Inner Mongolia showed much higher DOC concentration (Table 278 

2). Similarly, large DOC variations were observed in saline lakes in different regions 279 

(Table 2). Much higher DOC concentrations were found in saline lakes in Qinghai and 280 

Hulunbir, while relative low concentrations were observed in Xilinguole Plateau and 281 

the Songnen Plain. 282 

[Insert Table 2 about here] 283 

3.3. DOC versus CDOM for various types of waters 284 

3.3.1 Freshwater lakes and reservoirs 285 

The relationship between DOC and CDOM has been researched investigated based on 286 

CDOM absorption spectra at different wavelengths (Fichot and Benner, 2011; Spencer 287 

et al., 2012; Song et al., 2013; Brezonik et al., 2015). As suggested by Fichot and 288 

Benner (2011), CDOM absorptions at 275 nm (aCDOM(275)) and 295 nm (aCDOM(295)) 289 

have stable performances for DOC estimates for coastal waters. In current study, a 290 

strong relationship (R2 = 0.85) between DOC and aCDOM(275) was found in fresh lakes 291 

and reservoirs (Fig.3a). However, the participation of aCDOM(295) explains very limited 292 

variance, thus it is not considered in the regression models. Regression analyses of 293 

water samples collected from different regions indicated that the slopes varied from 294 

1.30 to 3.13 01 (Table 3). Water samples collected from East China and South China 295 

had lower regression slope values (Table 3), and lakes and reservoirs were generally 296 

mesotrophic or eutrophic (Huang et al., 2014; Yang et al., 20122012, and references 297 
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therein). Phytoplankton degradation may contribute relative large portion of CDOM 298 

and DOC in these water bodies (Zhang et al., 2010), due to the lower molecular weight, 299 

its absorption is different from that derived from terrestrial systems (Helms et al., 2008). 300 

Comparatively, fresh waters in Northeast and North China revealed larger regression 301 

slopes (Table 3).Waters in Northeast China are surrounded by forest, wetlands and 302 

grassland and therefore they generally exhibited high proportion of colored fractions, 303 

CDOM (Helms et al., 2008). Soils in Northeast China are rich in organic carbon, which 304 

may also contribute to high concentration of DOC and CDOM in waters in this region 305 

(Jin et al., 2016; Zhao et al., 2016a). Compared with waters in East and South China, 306 

waters in Northeast China showed less algal bloom due to low temperature, thus 307 

autochthonous CDOM was less presented in waters in Northeast China (Song et al., 308 

2013; Zhao et al., 2016a). As suggested by Brezonik et al. (2015) and Cardille et al. 309 

(2013), CDOM in the eutrophic waters or those with very short resident time may show 310 

seasonal variation due to algal bloom or hydrological variability, while CDOM in some 311 

oligotrhopic lakes or those with long resident time may show an opposite pattern. 312 

[Insert Table 3 about here] 313 

[Insert Fig.3 about here] 314 

3.3.2 Saline lakes 315 

A strong relationship between DOC and aCDOM(275) (R2 = 0.85) was demonstrated for 316 

saline lakes (Fig.3b). However, compared to fresh waters, mMuch lower regression 317 

slope value (slope = 1.28) was found in saline lakes. Similar to fresh waters, the slopes 318 

of most saline lakes exhibited large variations between different regions (Table 3), 319 
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ranging from 0.86 in Tibetan waters to 2.83 in the Songnen Plain waters (see Fig.2 for 320 

location). As the extreme case, the slope value was only 0.33 as demonstrated in the 321 

embedded diagram in Fig.3b. Saline lakes in semi-arid or arid regions generally exhibit 322 

higher regression slope values, for example, the west Songnen Plain (2.83), the 323 

Hulunbir Plateau and the East Inner Mongolia Plateau (1.79). Whereas, waters in the 324 

west Inner Mongolia Plateau (1.13), the Tibetan Plateau (0.86) exhibited low slope 325 

values (Table 3), and the extreme low value was measured in the Lake Qinhai in Tibetan 326 

Plateau. Lakes in Tarim Basin were affected by strong photo-bleaching, due to the long 327 

resident time and strong solar radiation (Spencer et al., 2012; Song et al., 2013; Wen et 328 

al., 2016).  329 

Thereby, smaller regression slopes were found and less colored portion of DOC was 330 

presented in waters in semi-arid to arid regions, especially for these closed lakes with 331 

enhanced photochemical processes (Spencer et al., 2012; Song et al., 2013; Wen et al., 332 

2016). The findings highlighted the difference in remote sensing of DOC through 333 

CDOM absorption algorithm between saline and fresh lakes, thereby different models 334 

should be established to accurately estimate DOC in waters (Cardille et al., 2013; 335 

Brezonik et al., 2015). 336 

3.3.3 Streams and rivers 337 

Although some of the samples scattered from the regression line (Fig.3c), close 338 

relationship between DOC and aCDOM(275) was found for samples collected in rivers 339 

and streams. Compared with the other water types (Fig.3), rivers and streams exhibited 340 

the highest regression slope value (slope = 3.013). Further regression analysis with 341 
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water samples sub-datasets collected in different regions indicated that slope values 342 

presented large variability, ranging from 1.07 to 8.49. The lower regression slope values 343 

were recorded in water samples collected in rivers and stream in semi-arid and arid 344 

regions, such as the Tibetan Plateau, Mongolia Plateau and Tarim Basin, while the 345 

higher values were found in samples collected in streams originated from wetland and 346 

forest in Northeast China (Table 3). Rivers and streams in North, East and South China 347 

generally exhibited intermediate values. In addition, water samples in large river 348 

generally presented relatively low slope value; streams, especially head water 349 

originating from forest and wetland dominated regions show higher regression slope 350 

values (e.g., Branches from the Nenjiang and the Songhua River in Table 3), which is 351 

consistent with the findings from Helm et al. (2008) and Spencer et al. (2012). In fact, 352 

landscape pattern and soil organic carbon in the catchment are important factors 353 

governing the terrestrial DOC and CDOM characteristics in rivers and streams (Wilson 354 

and Xenopoulos, 2008; Jaffe et al., 2008; Agren et al., 2010; Lai et al., 2016). 355 

DOC concentration is strongly associated with hydrological conditions (Neff et al. 356 

2006; Agren et al. 2007). Thereby, the relationships between CDOM and DOC in river 357 

and stream waters are very variable (Lee et al., 2015) due to the hydrological variability 358 

and catchment features (Agren et al., 2010; Spencer et al., 2009; 2012). To investigate 359 

the dynamics of CDOM absorption and DOC concentrations, three sections were 360 

investigated in three major rivers in Northeast China (see Figure S1 for location). River 361 

flow exerted obvious effect on DOC and CDOM (Fig.4) and flood impulse brought 362 

large amount of DOC and CDOM into river channels, which is consistent with previous 363 
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findings (Neff et al., 2006; Larson et al., 2007). As shown in Fig.4, the relationship 364 

between river flows and DOC is rather complicated, which is mainly caused by the land 365 

use, soil properties, relief, slope, the proportion of wetlands and forest, climate and 366 

hydrology of the catchments (Neff et al., 2006; Sobek et al., 2007; Spencer et al., 2012; 367 

Zhou et al., 2016), with additional influence by sewage discharge into rivers. The 368 

relationships between DOC and aCDOM(275) in sections along three rivers in Northeast 369 

China were demonstrated in Fig.5. The sampling point in the Yalu River is near the 370 

river head source, thus strong relationship was exhibited with large slope (Fig.5a), due 371 

to that the DOC and CDOM were fresh and less disturbed by pollution from 372 

anthropogenic activities (Spencer et al., 2012; Shao et al., 2016). The relationship 373 

between DOC and aCDOM(275) in the Songhua River at Harbin City section was much 374 

scattered (Fig.5c) and this is mainly attributed to both point and non-point source 375 

pollution that cause the composition and colored fractions of DOC and DOM much 376 

varied comparing to river head waters with less human disturbance. Similar 377 

mechanisms are further detailed in section 3.3.4 with urban waters. With respect to 378 

Fig.5b, it is an in-between case. The sampling point was affected by effluent from 379 

Baishan City, thus the coefficient of determination (R2= 0.822) and the regression slope 380 

(3.72) were lower than that from the Yalu River at Changbai point, while higher than 381 

that from the Songhua River at Harbin point. Thereby, both spatial and temporal 382 

changes of the relationships between DOC and CDOM were observed, and 383 

anthropogenic activities further complicated the relationship. 384 

[Insert Fig.4 and Fig.5 about here] 385 
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3.3.4 Urban waters 386 

Relative close relationship between DOC and aCDOM(275) was revealed in urban waters 387 

(Fig.3d, R2= 0.71), where it was much scattered compared with other water types 388 

(Fig.3), particularly for water samples with DOC concentration less than 60 mg/L. 389 

Similarly, regression slope values changed remarkably, ranging from 0.87 to 2.45. It is 390 

apparent that urban waters are severely impacted by human activities, particularly 391 

sewage, effluents and runoff from urban impervious surface containing large amount of 392 

DOM (Yang et al. 2008; Zhao et al., 2016b, and references therein). High nutrients also 393 

usually result in algal bloom in most urban water bodies (Chl-a range: 1.0-521.1µg/L; 394 

average: 38.9µg/L). Thereby, DOC and CDOM derived from phytoplankton may also 395 

contribute a portion that should not be neglected (Xing et al. 2006; Zhang et al., 2010; 396 

Zhao et al., 2016b; Zhou et al., 2016). More or less affected by sewage effluent, the 397 

DOM in urban waters is much complex than those from natural water bodies. Thus, a 398 

large variation of the relationship between DOC and aCDOM(275) was found in urban 399 

waters. 400 

3.3.5 Ice covered lakes and reservoirs 401 

The closest relationship (R2 = 0.93) between DOC and aCDOM(275) was recorded in 402 

waters beneath ice covered lakes and reservoirs in Northeast China (Fig.3e). It was 403 

argued that the close relationship indicated the concurrent processes taken place for 404 

DOC accumulation and CDOM biogeochemical activities (Finlay et al., 2003; Stedmon 405 

et al., 2011). The strong positive correlations between DOC and aCDOM275 is probably 406 

due to ice formation condensed these two parameters. The other possible explanation 407 
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was that ice and snow cover shielded out most of the solar radiation that might cause a 408 

series of biochemical process for CDOM contained in water; further, the inflows and 409 

direct rainfall over lakes or reservoirs also diminished, thus causing limited effect on 410 

DOC and CDOM composition (Uusikiv et al., 2010; Belzile et al., 2002). Further, the 411 

autochthonous DOC and CDOM in ice covered waters were also limited due to the 412 

relatively weak primary production in winter (Chl-a = 7.3µg/L), resulting in much close 413 

relationship in winter waters. 414 

Comparatively, a weak relationship between DOC and aCDOM(275) was demonstrated 415 

in ice melting waters (Fig.3f), which was probably due to the ice/water depth ratio 416 

causing variation of dissolved components expelled during ice formation. The other 417 

reason is the biologically derived DOC in the ice matrix, which changes with the 418 

variation of light and nutrient (Arrigo et al., 2010; Zhang et al., 2010). Apparently, 419 

CDOM from ice melting waters were mainly originated from maternal water during the 420 

ice formation, also from algal biological processes (Stedmon et al., 2011; Arrigo et al., 421 

2010). Similarly, snow cover, and nutrients in the ice also causes the variation of 422 

biochemical processes that ultimately complicate the relationship between DOC and 423 

CDOM (Bezilie et al., 2002; Spencer et al., 2009). Interestingly, the regression slopes 424 

for ice samples (1.35) and under lying water sample (1.27) are very close. In addition, 425 

there was a significant relationship between DOC in ice and underlying waters (R2 = 426 

0.86), indicating the dominant components of CDOM and DOC in the ice are from 427 

maternal underlying waters.  428 

3.3.6 DOC versus aCDOM(440) 429 
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CDOM absorption at 440 nm, i.e., aCDOM(440), is usually used as a surrogate to 430 

represent its concentration (Bricaud et al., 1981; Babin et al., 2003), and widely used in 431 

remote sensing community to quantify CDOM in waters (Lee et al., 2002; Binding et 432 

al., 2008; Zhu et al., 2014). Significant relationships between DOC and aCDOM(440) 433 

were found in different types of waters (Fig.5). Compared to DOC versus aCDOM(275), 434 

the relationships were more scattered due to the weak CDOM absorption at longer 435 

wavelength (Bricaud et al., 1981; Binding et al., 2008). Through comparing Fig.3 with 436 

Fig.6, it can be found that the overall relationships between DOC and CDOM at 440 437 

nm resembled that at 275 nm for different types of waters. This has important 438 

implication for remote sensing of DOC through the CDOM absorption as a bridge (Zhu 439 

et al., 2014; Kuster et al., 2015; Brezonik et al., 2015). It is also worth noting that most 440 

of the streams and rivers, including some of the urban water bodies, are not suitable to 441 

quantify DOC through remote sensing imagery, and this is due to that medium or even 442 

coarse resolution imagery cannot effectively capture the change of signals from these 443 

small water bodies. However, the systematic examination for the relationship between 444 

DOC and CDOM may help to quantify DOC through CDOM absorption for deploying 445 

portable sensors in streams or rivers that can measure CDOM absorption more 446 

accurately with dynamic manner (Spencer et al., 2012; Lee et al., 2015; Ruhala and 447 

Zarnetske, 2016). 448 

[Insert Fig.6 about here] 449 

3.4 CDOM molecular weight and aromacity versus DOC 450 
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3.4.1 CDOM versus SUVA254 and M value (aCDOM(250) /aCDOM(365)) 451 

The large slope variations of the slope of regressions ofbetween DOC and aCDOM(275) 452 

in different types of waters are probably due to the aromacity and colored fractions in 453 

DOC component (Spencer et al., 2009, 2012; Lee et al., 2015). SUVA254 is an effective 454 

indicator to characterize CDOM molecular weight As shown in Fig.7a,. it can be seen 455 

It may reflect the regression slope value between DOC and CDOM absorption at 275 456 

nm. It is obvious that SUVA254 had high values in fresh lakes, and waters from rivers 457 

or streams as well (Fig.7a). Saline water and ice covered waters in Northeast China 458 

showed intermediate SUVA254 values, while urban water and ice melting water 459 

exhibited lower values. The M value, i.e., aCDOM(250)/aCDOM (365) is another indicator 460 

to demonstrate the variation of molecular weight and aromacity of CDOM components 461 

(De Haan, 1993). Compared to saline waters, Ffresh lake water (t-Test, F = 631, p < 462 

0.001), river and stream water (F = 547, p < 0.001), and urban water (F = 396, p < 0.001) 463 

exhibited low M values (Fig.7b), which indicated that larger aromacity weight 464 

molecules dominatedominant forin these three types of waters. Saline water, ice 465 

covered water in Northeast China and ice melting water showed higher M values. Since 466 

SUVA254 is a proxy based on the ratio to DOC, it is inappropriate to establish the 467 

relationship between CDOM and DOC based on the SUVA254 classification. Thereby, 468 

only M values, which reveal molecular weight and aromacity, might help to estimate 469 

DOC through CDOM absorption based on M threshold values for various types of 470 

waters. 471 

[Insert Fig.7 about here] 472 
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3.4.2 Regression based on M values 473 

Regression models between DOC and aCDOM(275) were established based on M value 474 

threshold valuesgrouping, which were determined through . trial test with respect to the 475 

concentrations of DOC versus aCDOM(275). Four groups were achieved with 476 

hierarchical cluster approach, and each group occupied about 43.48% (M < 8.5), 34.38% 477 

(8.5< M < 16.1), 19.35% (16.1< M < 25.6) and 2.79% (25.6< M < 68.0) of the total 478 

samples from group 1 to 4, respectively. Though only M values were used in the cluster 479 

which meant the feature space in classification only had one dimension and the groups 480 

were mainly divided according to the distribution of M values, the hierarchical cluster 481 

approach generated rational results. A relative weaker close relationship (R2 = 0.92) 482 

between DOC and aCDOM(275) was revealed in dataset where M values were less than< 483 

8.5 (Fig.8a). It should be noted that the high regression slope values appeared in 484 

different groups of subset data (Fig.8a-h). The large range of M value (0<M<4.0) may 485 

explain the scattered data pairs in Fig.8a and this is also the reason for the group with 486 

M values ranging from 4 to 6 (Fig.8b). Likewise, Betterclose relationship regression 487 

models appeared in dataset groups with intermediate M values (Fig.8c-fb), with small 488 

range of regression slope values (1.15 - 1.38) and, revealing high determination of 489 

coefficients (R2 > = 0.8893). Regression slope values decreased with the increasing of 490 

M values (Fig.8g-h). As shown in Fig.8c, a relative Wweak relationship (R2 = 0.75) 491 

between DOC and aCDOM(275) appeared with relative lower or higher M values ranging 492 

from 16.1 to 25.6(Fig.8g). A Vvery significant close relationship (R2 = 0.9998) was 493 

found with extremely high M values (Fig.8h8d). Most of samples collected from these 494 
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groups were presented in the embedded diagram in Fig.3b, and the limited water bodies 495 

in the group may explain this coincidently high R2 value. With more samples collected 496 

from different water bodies in this extreme group, a weak relationship between DOC 497 

and aCDOM(275) may appear, while future explorations are needed. 498 

As noted in Fig.8c8a-fc, close regression slopes implicated that a comprehensive 499 

regression model with intermediate M values groups less than 16 may be achieved. As 500 

expected, a promising regression model (the diagram was not shown) between DOC 501 

and aCDOM(275)aCDOM275 was achieved (y = 1.269x + 6.5542, R2 = 0.925909, N = 502 

9981171, p < 0.001) with pooled dataset shown in Figs.8c to 8fa-b. Inspired by this idea, 503 

the relationship between aCDOM(275) and DOC also examined with pooled data. As 504 

shown in Fig.9a, a significant relationship between DOC and aCDOM(275) was obtained 505 

with the pooled dataset (N = 1504) collected from different types of inland waters. 506 

However, it should be noted that the extremely high DOC samples may advantageously 507 

contribute the better performance of the regression model. Thus, regression model 508 

excluding these eight samples (DOC > 300 mg/L) was still significant acceptable 509 

(Fig.9b, R2 = 0.66, p < 0.001). In addition, regression model with power function  was 510 

established inbased on decimal logarithms transformed datalog-log scale was 511 

established (Fig.9c, R2 = 0.8295, p < 0.001). Most of the paired data sitting close to the 512 

regression line except some scattered ones. This also implies that relative accurate 513 

regression model for CDOM versus DOC can be achieved with data collected in inland 514 

waters at global scale (Sobek et al., 2007), which might be helpful in quantifying DOC 515 

through linking with CDOM absorption spectra, and the latter parameter can be 516 

带格式的: 下标



25 
 

estimated from remote sensing data (Zhu et al., 2011; Kuster et al., 2015).  517 

[Insert Fig.8 and Fig.9 about here] 518 

4. Discussion 519 

4.1 Variation of water quality parameters 520 

Different water types were sampled across China with different climatic, hydrologic, 521 

and land use conditions in various catchment, combined with different anthropogenic 522 

intensity, thus Tthe he biological and geochemical properties in the water bodies are 523 

quite diverse with large range values for each parameters (Table 1).  Extremely turbid 524 

waters are observed for fresh waters, saline waters and underlying waters covered by 525 

ice in Northeast China (see TSM values in Table 1), which were generally collected in 526 

very shallow water bodies in different parts of China. As expected, large variations of 527 

Chl-a are observed for both fresh waters and urban waters, and particularly these 528 

samples collected in urban waters show large range (1.0-521.1 μ g/L). Our 529 

investigation also indicates that algal growth is still very active in these ice covered 530 

water bodies in Northeast China, which might result from high TN (4.3±5.4mg/L) and 531 

TP (0.7±0.6mg/L) concentrations in these waters bodies. It also should be noted that 532 

DOC, EC and pH were high in semi-arid or arid climatic regions, which are consistent 533 

with previous findings (Curtis et aland Adams., 19975; Song et al., 2013; Wen et al., 534 

2016). 535 

4.2 DOC variation with different types of waters 536 

This investigation indicates that lower DOC were encountered with samples collected 537 

in rivers from the Tibetan Plateau (Table 2), where the average soil organic matter is 538 

带格式的: 字体: Times New Roman



26 
 

lower, thus terrestrial DOC input from the catchment is less (Tian et al., 2008). 539 

Generally, low DOC concentrations were found in rivers or streams in the drainage 540 

systems in Tibetan Plateau or arid regions in Northwest China where soil contains 541 

relative low level of soil organic carbon, but the high DOC concentrations were found 542 

in rivers or streams surrounded by forest or wetlands in Northeast China, the similar 543 

findings were also reported by Agren et al. (2007, 20101). Further, lower DOC 544 

concentration is also measured with ice samples, which is consistent with previous 545 

findings (Bezilie et al., 2002; Shao et al., 2016). But relatively high DOC concentration 546 

was observed for underlying waters covered by ice in Northeast China due to the 547 

condensed effect caused by the DOC discharged from ice formation (Bezilie et al., 2002; 548 

Shao et al., 2016; Zhao et al., 2016a). This condensed effect was particularly marked in 549 

these shallow water bodies where ice forming remarkably condensed the DOC in the 550 

underlying waters (Zhao et al., 2016a). It also should be noted that DOC concentration 551 

has a strong connection with hydrological condition and catchment landscape features 552 

(Neff et al., 2006; Agren et al., 2007; Lee et al., 2015). As shown in Table 2, the 553 

concentrations of DOC demonstrated obvious variations even in rivers or saline lakes. 554 

Comparatively, rivers from Qinghai exhibited lower DOC concentration, while these 555 

from the Liaohe and Inner Mongolia showed much higher DOC concentration (Table 556 

2). Similarly, large DOC variations were observed in saline lakes in different regions 557 

(Table 2). Much higher DOC concentrations were found in saline lakes in Qinghai and 558 

Hulunbir, while relative low concentrations were observed in Xilinguole Plateau and 559 

the Songnen Plain, which is consistent with previous investigations conducted in the 560 
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semi-arid or arid regions (Curtis et al.and Adams, 1995; Song et al., 2013; Wen et al., 561 

2016). 562 

4.3 Variation of the relationships between CDOM and DOC 563 

As demonstrated in Fig.3, obvious variation is revealed for the regression slope values 564 

between DOC and aCDOM(275). Most of the fresh water bodies are located in East China, 565 

where agricultural pollution and anthropogenic discharge have resulted in serious 566 

eutrophication (Tong et al., 2017). Phytoplankton degradation may contribute relative 567 

large portion of CDOM and DOC in these water bodies (Zhang et al., 2010; Zhou et al., 568 

2016). Comparatively, fresh waters in Northeast and North China revealed larger 569 

regression slopes (Table 3). Waters in Northeast China are surrounded by forest, 570 

wetlands and grassland and therefore they generally exhibited high proportion of 571 

colored fractions of DOC. Further, soils in Northeast China are rich in organic carbon, 572 

which may also contribute to high concentration of DOC and CDOM in waters in this 573 

region (Jin et al., 2016; Zhao et al., 2016a). Compared with waters in East and South 574 

China, waters in Northeast China showed less algal bloom due to low temperature, thus 575 

autochthonous CDOM was less presented in waters in Northeast China (Song et al., 576 

2013; Zhao et al., 2016a). As suggested by Brezonik et al. (2015) and Cardille et al. 577 

(2013), CDOM in the eutrophic waters or those with very short resident time may show 578 

seasonal variation due to algal bloom or hydrological variability, while CDOM in some 579 

oligotrophic lakes or those with long resident time may show an oppositea stable pattern. 580 

As shown in Fig.3b, smaller regression slopes areis revealed between DOC and 581 

aCDOM(275)CDOM and DOC for saline waters, indicating less colored portion of DOC 582 
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was presented in waters in semi-arid to arid regions, especially for these closed lakes 583 

with enhanced photochemical processes (Spencer et al., 2012; Song et al., 2013; Wen 584 

et al., 2016). The findings highlighted the difference for the relationship between 585 

CDOM and DOC, thus different regression models should be established to accurately 586 

estimate DOC in waters through linking with CDOM absorption, particularly for fresh 587 

and saline waters that showing different specific absorption coefficients (Song et al., 588 

2013; Cardille et al., 2013; Brezonik et al., 2015). 589 

The current study indicates that CDOM from river and stream waters show higher 590 

absorption coefficient, and larger regression coefficientsslope wereis revealed (Fig.3c). 591 

However, obvious variation for the regression slopes is demonstrated for samples 592 

collected in different part of the country (Table 3), which is consistent with the findings 593 

from Spencer et al. (2012) and  (Zhao et al., (2017). Rivers and streams in North, East 594 

and South China generally exhibited intermediate values. In addition, water samples in 595 

large river generally presents relatively low slope value; streams, especially head water 596 

originating from forest and wetland dominated regions show higher regression slope 597 

values (e.g., Branches from the Nenjiang and the Songhua River in Table 3), which is 598 

consistent with the findings from Spencer et al. (2012). In fact, landscape pattern and 599 

soil organic carbon in the catchment are important factors governing the terrestrial DOC 600 

and CDOM characteristics in rivers and streams (Wilson and Xenopoulos, 2008; Jaffe 601 

et al., 2008; Agren et al., 20101; Lai et al., 2016; Zhao et al., 2017). 602 

DOC concentration is strongly associated with hydrological conditions (Neff et al. 603 

2006; Agren et al. 2007; Yu et al., 2016). The relationships between CDOM and DOC 604 
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in river and stream waters are very variable (Lee et al., 2015) due to the hydrological 605 

variability and catchment features (Worral et al., 2006; Agren et al., 20101; Spencer et 606 

al., 2009; 2012; Ward et al., 2013; Lee et al., 2015).  607 

As shown in Fig.4, the relationship between river flows and DOC is rather 608 

complicated, which is mainly caused by the land use, soil properties, relief, slope, the 609 

proportion of wetlands and forest, climate and hydrology of the catchments (Neff et al., 610 

2006; Sobek et al., 2007; Spencer et al., 2012; ; Zhou et al., 2016), with additional 611 

influence by sewage discharge into rivers. For head waters, close relationship between 612 

CDOM and DOC is revealed with higher regression slope value (Fig.5a), which is 613 

mainly because that the DOC and CDOM were fresh and less disturbed by pollution 614 

from anthropogenic activities (Spencer et al., 2012; Shao et al., 2016). Comparatively, 615 

loose relationship was revealed for rivers with both point and non-point source 616 

pollution that cause the composition and colored fractions of DOC and DOM much 617 

varied (Fig.5c). Thereby, both spatial and temporal changes of the relationships 618 

between DOC and CDOM were observed, and anthropogenic activities further 619 

complicated the relationship. 620 

4.4 Regression models based on CDOM grouping 621 

As observed in Fig.3, the regression slopes (range: 0.33~3.01) for the relationship 622 

between DOC and aCDOM(275) varied significantly. The CDOM absorption coefficient 623 

is affected by its components and aromacity, thus the M values are used to classify 624 

CDOM into different groups, which turns to be an effective approach for improving 625 

regression model between DOC and aCDOM(275).Most of samples collected from these 626 
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groups were presented in the embedded diagram in Fig.3b, and the limited water bodies 627 

in the group may explain this coincidently high R2 value. Most of the paired data sitting 628 

close to the regression line except some scattered ones (Fig. 8a-b). It also should be 629 

highlighted that the fourth group is mainly from saline lakes (samples from embedded 630 

diagram in Fig.3b), thus the regression model slope is extremely low. From the 631 

regression model with pooled data, it can also be seen With more samples collected 632 

from different water bodies in this extreme group, a weak relationship between DOC 633 

and aCDOM(275) may appear, while future explorations are needed. Most of the paired 634 

data sitting close to the regression line except some scattered ones. This also implies 635 

that relative accurate regression model for CDOM versus DOC can be achieved with 636 

data collected in inland waters at global scale (Sobek et al., 2007), which might be 637 

helpful in quantifying DOC through linking with CDOM absorption spectra, and the 638 

latter parameter can be estimated from remote sensing data (Zhu et al., 2011; Kuster et 639 

al., 2015). 640 

 641 

 642 

45. Conclusions 643 

As a powerful technology, remote sensing plays a crucial role in assessing CDOM and 644 

DOC in water environment. In order to get accurate estimates of CDOM and DOC in 645 

waters, it is necessary to get insight into the regional water optical properties for 646 

developing semi-analytical or analytical models with remotely sensed data. Based on 647 
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the measurement of CDOM absorption spectral and DOC laboratory analysis, we have 648 

systematically examined the relationships between CDOM and DOC in various types 649 

of waters in China. This investigation showed that CDOM absorption varied 650 

significantly. River waters and fresh lake waters exhibited high CDOM absorption 651 

values and specific CDOM absorption (SUVA254). On the contrast, saline lakes 652 

illustrated low SUVA254 values due to the long residence time and strong photo-653 

bleaching effects on waters in the semi-arid regions. Influenced by effluents and sewage 654 

waters, CDOM from urban water bodies showed much complex absorption 655 

featurecharacteristics. SUVA254 for CDOM was lowest in ice melting water samples.  656 

 The current investigation indicated that the relationships between CDOM 657 

absorption and DOC varied remarkably by showing very varied regression slopes 658 

values of regression models in various types of waters. The slope values of saline lakes 659 

and urban waters were close to unity, slope values of river water were highest (~ 3.1), 660 

and slope values of other water types were in between. It should also be highlighted 661 

that hHead river water generally exhibits larger regression slope values, while rivers 662 

affected by anthropogenic activities show lower slope values. Saline water generally 663 

reveals small regression slope due to the photobleaching effect in the semi-arid or arid 664 

region, combined with longer residence time.When all the data set were pooled together, 665 

the slope for regression model was about 1.3, but with much bigger uncertainty (R2 = 666 

0.66). The accuracy of regression model between aCDOM(275) and DOC was improved 667 

when CDOM absorptions were divided into different sub-groups according to M values. 668 

Our finding highlights that remote sensing models for DOC estimation based on the 669 



32 
 

relationship between CDOM and DOC should consider water types or cluster waters 670 

into several groups according to their absorption features. More researches are still 671 

needed to further improved model accuracy. 672 
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Figures  1140 

Fig.1. the The diagram shows thepotential regulating factors that influence the 1141 

relationship between CDOM and DOC. Note, hydrological feature includes flow 1142 

discharge, drainage area, catchment landscape, river level, and inflow or outflow 1143 

regions. 1144 
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Fig.2. Water types and sample distributions across the mainland China. The dash line 1157 

shows the boundary of some typical geographic units (i.e., Tibet Plateau, Songnen 1158 

Plain, and Hulun Buir Plateau). 1159 
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Fig.3. Relationship between DOC and aCDOM(275) in different types of inland waters, 1179 

(a) fresh water lakes, (b) saline water lakes, (c) river and stream waters, (d) urban waters, 1180 

(e) ice covered lake underlying waters, and (f) ice melting lake waters. 1181 
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Fig.4. Concurrent Fflow dynamics for three rivers in Northeast China and the 1192 

corresponding DOC and CDOM variations in 2015; (a) the Yalu River near Changbai 1193 

County, (b) the Hunjiang River with DOC and CDOM sampled at Baishan City, while 1194 

the river flow gauge station is near the Tonghua City, (c) the Songhua River at Harbin 1195 

City.  1196 

 1197 

 1198 

Note, the flow data for the Yalu River 1199 

and the Hunjiang River were the average values measured during 1970s, while the 1200 
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Songhua River was measured during 2000-2010. 1201 

1202 
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Fig.5. The relationships between aCDOM(275) and DOC at sections across (a) the Yalu 1212 

River, (b) the Hunjiang River, and (c) the Songhua River. The samples were collected 1213 

at each station at about one week or around ten days in ice free season in 2015. 1214 
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Fig.6. Relationship between DOC and aCDOM(440) in different types of inland waters, 1232 

(a) fresh water lakes, (b) saline water lakes, (c) river and stream waters, (d) urban waters, 1233 

(e) ice covered lake underlying waters, and (f) ice melting waters. 1234 
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Fig.7. Comparison of (a) SUVA254, and (b) M values (aCDOM(250) / aCDOM(365)) 1245 

(a250:a365) values in various types of inland waters. FW, fresh lake water; SW, saline 1246 

lake water, RW, river or stream water; UW, urban water; WW, ice covered winter waters 1247 

from Northeast China; IMW, ice melt waters from Northeast China. 1248 
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Fig.8. Relationship between DOC and aCDOM275 sorted by M (aCDOM(250)/aCDOM(365)) 1262 

values ranges, (a) M <48.05, (b) 48.05< M<16.01, (c) 16.01< M< 725.06, and (d) 7.0< 1263 

M< 8.0, (e) 8.0< M< 10.0, (f) 10.0< M< 12.0, (g) 12.0< M< 20.0, and (h) 205.06< M< 1264 

68.0. 1265 
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Fig.9. the relationships between aCDOM(275) and DOC concentrations. (a) regression 1288 

model with pooled dataset; (b) regression model with DOC concentration less than 300 1289 

mg/L; (c) regression model with power fitting function based on natural logarithmic 1290 

transformedlog-log scale data. 1291 
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Tables 1304 

 1305 

Table 1. Water quality in different types of waters, DOC, dissolved organic carbon; EC, 1306 

electrical conductivity; TP, total phosphorus; TN, total nitrogen; TSM, total suspended 1307 

matter; Chl-a, chlorophyll-a concentration.  1308 

 1309 

Note: FW, fresh water lake; SW, saline water lake, RW, river or stream water; UW, urban water; 1310 

WW, ice covered winter water from Northeast China; IMW, ice melt water from Northeast China. 1311 

 1312 

 1313 

 1314 

 1315 

 1316 

 1317 

 1318 

 1319 

 1320 

 1321 

 1322 

 1323 

 1324 

 1325 

 1326 

 1327 

 1328 

 1329 

  DOC EC pH TP TN TSM Chl-a 

  (mg/L) µs/cm  (mg/L) (mg/L) (mg/L) (µg/L) 

FW 
Mean 10.2 434.0 8.2 0.5 1.6 67.8 78.5 

Range 1.9-90.2 72.7-1181.5 6.9-9.3 0.01-10.4 0.001-9.5 0-1615 1.4-338.5 

SW 

Mean 27.3 4109.4 8.6 0.4 1.4 115.7 9.0 

Range 2.3-300.6 1067-41000 7.1-11.4 0.01-6.3 0.6-11.0 1.4-2188 0-113.7 

RW 
Mean 8.3 10489.1 7.8-9.5 - - - - 

Range 0.9-90.2 3.7-1000 8.6 - - - - 

UW 
Mean 19.44 525.4 8.0 3.4 3.5 50.5 38.9 

Range 3.5-123.3 28.6-1525 6.4-9.2 0.03-32.4 0.04-41.9 1-688 1.0-521.1 

WW 
Mean 67.0 1387.6 8.1 0.7 4.3 181.5 7.3 

Range 7.3-720 139-15080 7.0-9.7 0.1-4.8 0.5-48 9.0-2174 1.0-159.4 

IMW 
Mean 6.7 242.8 8.3 0.19 1.1 17.4 1.1 

Range 0.3-76.5 1.5-4350 6.7-10 0.02-2.9 0.3-8.6 0.3-254.6 0.28-5.8 
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Table 2. Descriptive statistics of dissolved organic carbon (DOC) and aCDOM(440) in 1330 

various types of waters. 1331 

 1332 

Type Region  DOC (mg/L)  aCDOM(440) [m-1] 

   Min Max Mean S.D  Min Max Mean S.D 

 

 

River 

Liaohe  3.6 48.2 14.3 9.49  0.46 3.68 0.92 0.58 

Qinghai  1.2 8.5 4.4 1.96  0.13 2.11 0.54 0.63 

Inner Mongolia  16.9 90.2 40.4 24.84  0.32 7.46 1.03 2.11 

Songhua  0.9 21.1 8.1 4.96  0.32 18.93 3.2 4.19 

            

 

 

Saline 

Qinghai  1.7 130.9 67.9 56.7  0.13 0.86 0.36 0.23 

Hulunbir  8.4 300.6 68.5 69.2  0.82 26.21 4.41 4.45 

Xilinguole  3.74 45.4 14.2 8.8  0.36 4.7 1.34 0.88 

Songnen  3.6 32.6 16.4 7.4  0.46 33.80 2.4 3.78 

 1333 
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Table 3. Fitting equations for DOC against aCDOM(275) in different types of waters 1358 

except ice covered lake underlying water and ice melting waters. 1359 

Water types Region or Basin Equations R2 N 

Freshwater lakes 

Northeast Lake Zone y = 3.13x-3.438 0.87  102 

North Lake Zone y = 2.16x-1.279 0.90  63 

East Lake Zone y = 1.98x+7.813 0.66  69 

Yungui Lake Zone y = 1.295x-44.56 0.71  54 
     

Saline lakes 

Songnen Plain y = 2.383x+1.101 0.92  159 

East Mongolia y = 1.791x+8.560 0.67  57 

West Mongolia y = 1.133x+3.900 0.81  46 

Tibetan Plateau y = 0.864x+2.255 0.84  83 
     

Rivers or streams 

Branch of the Nenjiang River y = 7.655x-42.64 0.81  33 

Songhua River stem y = 3.759x-6.618 0.71  29 

Branch of Songhua River y = 8.496x-12.14 0.98  33 

Liao River Autumn 2012 y = 1.099x+3.900 0.80  38 

Liao River Autumn 2013 y = 1.073x-4.157 0.88  28 

Liao River Spring 2013 y = 2.262x-10.32 0.85  25 

Rivers from North China y = 3.154x-1.207 0.87  48 

Rivers from East China y = 3.037x-2.585 0.88  47 

Rivers from Tibetan y = 2.345x+2.375 0.87  41 

Urban waters 

 

Waters from Changchun 

 

y = 2.471x-2.231 

 

0.54 

 

48 

Waters from Harbin y = 1.413x-4.521 0.67 31 

Waters from Beijing y = 0.874x+11.12 0.63 27 

Waters from Tianjin y = 0.994x + 7.368 0.57 23 
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you and the three referees for the valuable comments and suggestions that really 1388 

improved our manuscript.  1389 

 1390 

Sincerely,  1391 

Dr. Kaishan Song 1392 

Correspondence address: No. 4888, Shengbei Street, High-tech district of Changchun 1393 

City, Jilin Province, China. 1394 

Phone: 86-431-85542364; E-mail address: songks@iga.ac.cn  1395 

 1396 

 1397 

 1398 

 1399 

 1400 
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Responses to editor’s comment 1401 

HESSD-Manuscript “A systematic examination of the relationships between CDOM and 1402 

DOC in inland waters in China” (HESS 2017-179). 1403 

Dear Dr. K. Song 1404 

Reading through the manuscript, I came across a number of aspects on which I’d like 1405 

to comment on during this discussion phase. 1406 

 1407 

Comments on content: 1408 

L.70-75: Provide explanations on mechanisms how hydrology affects DOC and CDOM 1409 

properties. Why shall catchment size per se be important? Can you explain why size is 1410 

influential apart from affecting for example travel times? 1411 

Response: The authors really thank for your thoughtful comments. To my knowledge, 1412 

these hydrological factors may influence DOC and CDOM properties, 1) the source of 1413 

DOC and CDOM drain to rivers from the catchment, thus the landscape and the soil 1414 

organic density influence DOC and CDOM abundance in the rivers; 2) the hydrograph 1415 

is another factor influences DOC concentration in rivers, generally before peak flow 1416 

the river shows relatively lower DOC, but relatively higher DOC exhibits after the peak 1417 

flow due to more DOC release from soil; 3) generally small river catchment tends to 1418 

have homogeneous landscape, and DOC and CDOM easily drain to river without too 1419 

much change during this draining processes, that explains why head water generally 1420 

exhibit higher DOC and CDOM, also more close relationship reveals for DOC and CDOM 1421 

in head waters; in terms of larger catchment, larger variability for landscape, soil 1422 

properties will exhibit, longer travel time takes place (photo-degradation and microbial 1423 

degradation reduce the colored fraction of DOC, and also DOC will mineralize), which 1424 

ultimately affect the CDOM and DOC properties. Also, rivers in tropical or subtropical 1425 

regions tend to show lower DOC, which is mainly due to the higher frequency of 1426 

flushing dilutes the DOC in rivers; comparatively, less rainfall produce less surface flow 1427 
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in temperature regions, where higher DOC generally exhibit in rivers in these region, 1428 

of course relatively higher soil organic matter also contributes the higher DOC and 1429 

CDOM in temperature rivers. 1430 

 L.316: If you know about these influencing factors, why you cannot derive an 1431 

explanatory model for the slope?  1432 

Response: Thanks for your comments, but I am not sure I fully understand your 1433 

comments. We roughly know these influencing factors, however, the variation caused 1434 

by each factors and the contribution to the total variation by each factor are not clear, 1435 

and also these factors are intermingled or interacted each other, thus it is very hard to 1436 

establish an explanatory model for the slope. In addition, the relationship between 1437 

DOC and CDOM for different waters varies substantially due to the compositional 1438 

differences for CDOM, and the fraction of colored components in DOC is changeable, 1439 

which ultimately influences the relationship between DOC and CDOM, thus only a 1440 

relative stable regression model is achievable for a specific types of waters, not 1441 

possible for all types of waters. I am not sure if I have answered your question. 1442 

 1443 

L.345-347: Again, you should explain how hydrology and catchment characteristics can 1444 

influence CDOM and DOC.  1445 

Response: Thanks for your valuable comments. Most of the explanation was 1446 

presented in the responses above. Further, I would highlight that rivers in arid or semi-1447 

arid regions (through our work and also work by Spencer et al. (2012, JGR)) generally 1448 

exhibit higher DOC concentration, but the absorption coefficient for CDOM is generally 1449 

low with higher spectral slope, in which the high concentration of DOC is caused by 1450 

the condensed effect through evaporation; as for the deep spectral slope, the longer 1451 

traveling time, strong dose of irradiance with less cloud cover, can be attributed for 1452 

this phenomenon.  1453 

L.350-357, Fig. 4: This part is highly misleading because the text evokes the impression 1454 

that you compare DOC and CDOM to simultaneous measurements of discharge. 1455 
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Unfortunately, this is not the case. You write in the manuscript that the hydrographs 1456 

correspond to long term averages and do not represent the actual flow conditions 1457 

during the periods of your sampling campaign. However, you do not pay attention to 1458 

that basic fact when displaying the data: By plotting discharge and concentrations 1459 

against the same time axis (Fig. 4) you give the impression that a flow rate value on 1460 

day X is linked to the concentrations for the same day. However, this is not true. 1461 

Therefore, this way of presenting and interpreting the data is not acceptable. Such 1462 

figures would only be correct if you can provide the discharge data from the years of 1463 

sampling. Should it not be possible to get access to this data, you have to adapt you 1464 

data analysis accordingly. Because you neither have information about the actual flow 1465 

for a given sampling date nor about the actual sequence of actual discharge from day 1466 

to day you should not plot the data against the time axis. Instead you plot for example 1467 

the concentrations against a selected quantile of flow rates for the corresponding 1468 

Julian day. This would also be more to the point because you argue that there is a 1469 

relationship between flow rate and DOC/CDOM concentrations irrespective of the 1470 

Julian day.  1471 

Response: Thanks for your comments, I am really sorry for this misunderstanding 1472 

which caused by my carelessness for the “note” in the caption for Figure 4 was not 1473 

removed, thus the previous caption was not changed according to the updated flow 1474 

data. In the previous version, the hydrograph is the average value, however, the in the 1475 

current version, we tried the best and purchase the concurrent river flow data (we 1476 

could provide these data in excel if necessary), so all the flow data are concurrent to 1477 

the sampling year. I am really sorry for this misunderstanding, which is my fault not 1478 

updating the caption in Figure 4 conveying the wrong information. 1479 

 1480 

L.425-426, Fig. 3, Fig. 6: The data sets in the two figures seem not be fully consistent. 1481 

When comparing for example Fig. 3d and 6d, there are 3 – 4 data points with DOC 1482 

concentrations of 80 – 120 mg L−1 in Fig. 3d that are absent in Fig. 6d. How does it 1483 

come? The same holds in the opposite direction with data of about 45 mg L−1 in Fig. 1484 
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6c. What is the explanation? 1485 

Response: Thanks for your comments that really help to improve the manuscript. As 1486 

you may know that the manuscript has revised at least two times, and some of the 1487 

figures were updated, removed or added. The first version of the data processed by 1488 

myself, and the figure 6 was provided in the last revised version, in which the data was 1489 

processed by my students. The large data set were collected in different field 1490 

campaigns, also some data were added in the revised manuscript, thus, inconsistency 1491 

was caused due to our change of data processing person, and new data incorporated 1492 

in the revised manuscript. We will further check the data set, and make sure all the 1493 

data sets are consistent. Thanks again for pointing out the inconsistency, that really 1494 

help for improving our manuscript, also we should bear in mind for being more careful 1495 

during data processing and manuscript preparing. 1496 

 1497 

L.451: I cannot see this low M values in Fig. 7B. Can you support your statement by a 1498 

statistical metric?  1499 

Responses: the authors thank for the comments, we could provide the statistical 1500 

metric in the revised manuscript. 1501 

 1502 

L.462: Your selection of categories for M is rather arbitrary. Additionally, when looking 1503 

at them in their entirety, it is obvious that there is a general pattern in that the slope 1504 

decreases with increasing M (see figure in the attachment). Hence, the slope 1505 

simultaneously depends on DOC and M. Because M is simply the ratio between 1506 

aCDOM250 and aCDOM365, it follows that aCDOM275 is a function of DOC, 1507 

aCDOM250, and aCDOM365. Instead of introducing first M and then classify M into 1508 

categories, you better directly express aCDOM275 as a function of these three 1509 

variables. This would make also any relationship that you find much easier to interpret.  1510 

Response: The authors really thank you for the thoughtful comments. Here, I might 1511 
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not make myself clear, we tried stepwise regression with CDOM absorption at 250 nm, 1512 

275nm, and 365 nm according to your kind suggestion, and found that there is no 1513 

significant improvement for DOC estimate. It is two different things by incorporating 1514 

M into regression model, and by grouping CDOM into different groups based on M 1515 

value. In fact, if we try to incorporate aCDOM250 and aCDOM365 into the regression 1516 

model, these two variables are just absorption intensity that won’t help two much for 1517 

the regression model. The essential thing here is to group CDOM of different waters 1518 

into various group based on M values, thus each group roughly have similar absorption 1519 

characteristics, which ultimately helps to improve the model accuracy. However, if 1520 

incorporate M into regression model, which won’t help for the accuracy. 1521 

L.489-491: This is confusing: In Fig. 8 you try to demonstrate that the aCDOM275 - DOC 1522 

relationship depends on M, here you argue that one regression model is sufficient. Can 1523 

you elaborate on this (apparent) contradiction? 1524 

Response: the authors thank you for the concern. As you might have noticed that 1525 

these few high values of DOC and CDOM have leveraged the good relationship (Figure 1526 

9a), and remove these points will decrease the relationship between DOC and CDOM. 1527 

Further, the DOC concentrations are still very high in Figure 9b, however the R-square 1528 

value is only about 0.66. Thus, this model is roughly accurate for inland waters at 1529 

national or sub-continental scale with large variation of DOC and CDOM. However, if 1530 

accurate estimate of DOC through CDOM absorption needs to be achieved, then 1531 

different types of waters should be classified, for instance based on M values which 1532 

help to differentiate CDOM absorption efficiency. Further, the regression based on 1533 

pooled data also give readers an approximate idea how the relationship between DOC 1534 

and CDOM looks like with large data set covering different types of inland waters (river, 1535 

freshwater, saline water, and urban water influenced by effluent and sewage 1536 

discharge). If you suggest to remove this part, we would be happy to do so, thanks 1537 

again for your consideration. 1538 

 1539 



76 
 

Minor aspects (style, wording etc.): 1540 

 1541 

L.12: Has this algorithm been developed previously? Clarify. 1542 

Response: this algorithm was developed by Fichot and Benner in 2011, and it was 1543 

clarified in the revised manuscript, thanks for the comments. 1544 

L.58: Replace acted by considered.  1545 

Response: the authors thank for the suggestion, we replaced ‘acted’ with ‘considered’. 1546 

L.60-61: Is this not trivial? What other sources exist?  1547 

Response: the authors thank for the comment, the sentence was rephrased. The 1548 

sources are external, internal, and anthropogenic origin. 1549 

L.77: CDOM is not a single substance.  1550 

Response: the authors thank for the comment, we replaced ‘substance’ with 1551 

‘constituent’ in the revised manuscript. 1552 

L.110: What is the particular link between urban water sources and saline lakes?  1553 

Response: sorry for the ambiguous statement, there is no link between urban water 1554 

sources and saline lakes, the authors rephrased this sentence in the revised 1555 

manuscript. 1556 

L.168: Why don’t you provide this information for river samples?  1557 

Response: the authors thank for the concern, I might have clarified in the responses 1558 

for the previous review and the resubmission for the current manuscript, we sampled 1559 

quite a lot river sections, and some of these rivers or streams even don’t have name 1560 

for it, particularly for these in Tibet Plateau, thus it is not practical for use to provide 1561 

this information. We could provide these sampling station with a map if necessary. 1562 

L.219: I assume changed should be replaced by ranged.  1563 

Response: The authors really thank for the comment, your kind suggestion was 1564 
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incorporated in the revised manuscript. 1565 

L.258: Replace in by during the.  1566 

Response: your kind suggestion was incorporated in the revised manuscript, Thanks a 1567 

lot for comment.  1568 

L.599–619: The references are not in the correct alphabetic order.  1569 

Response: The authors really thank for comment, the correct alphabetic order for the 1570 

references were achieved in the revised manuscript. 1571 

L.643: The reference is not in the correct alphabetic order.  1572 

Response: The authors really thank for comment, the right order was corrected. 1573 

Fig. 1: Please explain what do you mean by Hydrological features. 1574 

Response: The authors thank for the concern, here the authors mainly talk about the 1575 

lake morphologic characteristics. We could add note in the figure caption to explain 1576 

what the hydrological features are in this context. 1577 

 1578 

 1579 

 1580 

 1581 

 1582 

 1583 

 1584 

 1585 

 1586 

 1587 
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Anonymous Referee #1  1588 

This paper presents a series of regression equations between DOC concentrations and 1589 

optical properties of the DOM across a range of water bodies in China. The authors 1590 

have amassed an impressive data set, and applying this data set to questions of DOC 1591 

biogeochemistry could make a useful contribution. Unfortunately the paper, as 1592 

currently written, has some flaws that limit its value.  1593 

Responses: The authors thank for the positive comments on the impressive dataset, 1594 

and also pointing out the flaws listed below, which we have addressed in detail after 1595 

each comment or suggestion forwarded be the reviewer. 1596 

The paper focuses on two objectives stated in the Introduction, and a third objective 1597 

that, for some reason, is presented in the Methods (lines 157-159). The objectives all 1598 

are targeted at examining the relationship between DOC concentrations and optical 1599 

properties, particularly absorbance at275nm or 440nm. The paper would be improved 1600 

if it were structured around testable hypotheses, which I think the authors could do 1601 

without too much additional work.  1602 

Responses: The authors really thank for the reviewer’s instructive comments, we 1603 

added testable hypotheses in the revised manuscript, and structured the layout of the 1604 

manuscript according to the testable hypotheses. Thanks again for the valuable 1605 

comments that really help for the improvement of the manuscript. 1606 

The primary means of data analysis is simple linear regression, and it appears that 1607 

perhaps multiple linear regression was attempted (line 279-280). Surprisingly, no 1608 

description of data analysis is provided in the paper (or the supplemental information). 1609 

In fact, P values are not even provided for the regression analyses. Nor is there any 1610 

indication of testing for normality or other assumptions for linear regression.  1611 

Responses: The authors thank for the comments. In the revised manuscript, 1612 

descriptive statistical analysis were conducted for the data set, and assumptions for 1613 

the linear regression were also tested for these regression analysis, in addition, P 1614 

values for each regression model also were also provided in the revised manuscript. 1615 
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Many of the graphs show that a single data point, or a couple data points, appears to 1616 

be leveraging the relationship (e.g., Fig 3c, Fig 3e, Fig 3f, Fig 6d, Fig 6f, and others). In 1617 

these cases, the validity of the regression equation is highly questionable. 1618 

Responses: The authors thank for the comments. We agree that a single data point or 1619 

a couple data points might have improved the R-squares for these regression models, 1620 

however, these data points are in situ measured values, and thus they reflect the 1621 

natural situation. In the revised manuscript, we also did the regressions without these 1622 

data points, and the results indicated that the R-squares did not affected much. We 1623 

really appreciated your thoughtful comments. We could provide these regression 1624 

metrics with and without these points in the revised manuscript. 1625 

In the case of Fig 8, it is not clear how the groupings were selected. The text mentions 1626 

“trial and error” which suggests to be it was a very subjective process of selecting the 1627 

M ranges for the groups.  1628 

Responses: The authors thank for the comments. In the current manuscript, the 1629 

results presented in Figure 8 were derived based on trial and error testing of the 1630 

regression modeling. The M value is used to classify CDOM into different groups, which 1631 

might have similar CDOM absorption efficiency or absorption ability in each group, 1632 

thus the CDOM absorption coefficient in each group should have similar relationship 1633 

with DOC. However, how to determine the range for each group is still very subjective, 1634 

we will further investigate and try to find a more reliable method for the grouping 1635 

process. The testing results will be presented in the revised manuscript, thanks again 1636 

for the comments. 1637 

I am a bit concerned about the holding time (up to 2 days) before filtration. Do the 1638 

authors have any evidence that there was no degradation of DOC during the holding 1639 

time? Some concern for chlorophyll-a. Also, it is questionable to collect and store DOC 1640 

for optical analysis in HDPE bottles. Why was HDPE used instead of glass?  1641 

Responses: The authors thank for the very thoughtful comments. All the water 1642 

samples ship back to laboratory and then stored in refrigerator at about 4℃ in the 1643 
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dark, thus the biodegradation should be very limited for DOC at low temperature. 1644 

Similarly, the photo-degradation is also avoided since samples were kept in the dark. 1645 

Some literatures also addressed this issue, and found that DOC is relatively stable, its 1646 

change in two days at low temperature without photo-degradation should be 1647 

neglectable. As for the HDPE sampling bottle, according to my knowledge, it is quite 1648 

common to use HDPE bottles for field sampling to test water quality parameters, which 1649 

has been previously cleaned by soaking in 0.5 mol L-1HClfollowed by 0.1 mol L-1NaOH 1650 

for 24 h before heading to the field. According to Zhang et al. (2007), samples kept in 1651 

two day before filtering would not cause obvious degradation for DOC concentration. 1652 

Using glass bottle is not easy to ship back from field to laboratory during the bad road 1653 

conditions, especially in Tibet or other remote areas where county roads are very 1654 

common, which could cause severe damage of the glass bottles, thus HDPE bottles 1655 

were used. 1656 

In the end, the authors state that SUVA is not an appropriate metric for the purposes 1657 

of their study because its calculation includes DOC concentration. This left me 1658 

wondering why it was included at all? 1659 

Responses: The authors thank you for the comments. Actually, we used both SUVA 1660 

and M value (a250/a365) to characterize CDOM molecular weight qualitatively, and 1661 

particularly SUVA is a very effective index for characterizing the molecular size of 1662 

CDOM, thus we prefer the keep this part in the manuscript, but its linkage with CDOM 1663 

grouping will be removed in the revised manuscript. Thanks again for your kind 1664 

concern. 1665 

I think the Introduction could be shortened by as much as a third without any loss. 1666 

Much of the introduction deals with remote sensing for DOC, but this paper does not 1667 

address remote sensing directly; the background information on remote sensing could 1668 

be greatly reduced within the Introduction and also the Discussion. I think developing 1669 

some testable hypotheses and keeping the Introduction (and the whole paper) 1670 

focused narrowly on those hypotheses would make for a shorter, and more readable, 1671 

paper. 1672 
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Responses: The authors really thank for the reviewer’s very instructive comments. As 1673 

you may see that there is another reviewer who also suggests to shorten this part, 1674 

thus, the Introduction will be shortened in the revised manuscript. 1675 

I would strongly suggest separate Results and Discussion sections. As I read the paper 1676 

it was not always clear when the authors were making statements based on their data, 1677 

versus general statements from literature.  1678 

Responses: Again, the authors thank for the very thoughtful comments, and similar 1679 

comment were also raised by the third reviewer (Professor P.K.Kowalczuk), we 1680 

separate the Results and Discussion sections in the revised manuscript. We really 1681 

appreciate this comments, which would definitely strengthen this manuscript. 1682 

Try to avoid vague statements such as “massive organic matter” (line 22) and “big 1683 

variation” (line 230). The English in the paper is mostly correct, but it could certainly 1684 

be improved if edited closely by a native English speaker. 1685 

Responses: The authors thank for the comments, your kind comments were adapted 1686 

in the revised manuscript, further, and the authors have requested Professor Lin Li 1687 

from IUPUI (Indiana University Purdue University, Indianapolis) edit the English in the 1688 

revised manuscript. 1689 

 1690 

 1691 

 1692 

 1693 

 1694 

 1695 

 1696 

 1697 
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T. Kutser’s comments 1698 

Interactive comment on “A systematic examination of the relationships between 1699 

CDOM and DOC in inland waters in China” by Kaishan Song et al. 1700 

T. Kutser tiit.kutser@sea.ee Received and published: 2 May 2017 1701 

Very impressive dataset and a very valuable research from remote sensing prospective. 1702 

I definitely recommend to publish the paper after some minor modifications have 1703 

been made. 1704 

 1705 

The Authors mention in the text that using remote sensing for small ponds and lakes 1706 

is problematic because of lack of appropriate remote sensing sensors. This may have 1707 

been true some time ago (Palmer et al. 2015), but is not any more. Sentinel-2 imagery 1708 

with 10 m spatial resolution is available globally. This kind of resolution is suitable for 1709 

almost any pond, not speaking about lakes. Sentinel-2A data has been already used in 1710 

mapping lake CDOM and DOC (Toming et al. 2016). Sentinel-2B was launched two 1711 

months ago and is currently in testing phase. Meaning that in a few months 10 m 1712 

spatial resolution imagery will be available with 5 days revisit time at the equator and 1713 

about 2-3 day revisit time for most lakes in China. Besides that Landsat-8 imagery with 1714 

30 m spatial resolution is also available. There have been several papers recently 1715 

showing the usefulness of Landsat-8 in mapping lake CDOM/DOC. Consequently, the 1716 

image data is not a problem anymore. This strengthens the value of this research even 1717 

more. I recommend to improve the remote sensing part of the manuscript showing 1718 

that there is plenty of data available now free of charge with very high spatial and 1719 

temporal resolution and your study will help to improve usefulness of this data at very 1720 

local to global scales. 1721 

 1722 

Response: the authors really thank Professor Kutser’s valuable and very instructive 1723 

comments. These valuable comments will be definitely helpful in revising the current 1724 
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manuscript, and the manuscript in preparation, which is mainly focused on 1725 

establishing an algorithm with remotely sensed imagery data (e.g., Landsat OLI, 1726 

Sentinel-2A, and Sentinel-3A/OLCI). For the current manuscript, the major objective is 1727 

to examine the variation for the relationship between DOC and aCDOM(λi), which has 1728 

the potential to be applied for DOC estimate in inland waters. As stated in the 1729 

introduction section of manuscript, the regression model slopes may vary significantly 1730 

for different water types that ultimately affect DOC estimated results. Thus, we mainly 1731 

focus on the relationship between DOC and CDOM absorptions for different types of 1732 

waters. As you may see that the two other reviewers both suggested to remove the 1733 

remote sensing part since no algorithm were established specifically for each types of 1734 

waters being concerned in this study. 1735 

As aforementioned, your kind suggestions will definitely be incorporated in the 1736 

manuscript in preparation, which is mainly focused on remote estimate of DOC 1737 

concentration through the relationship between CDOM and DOC tracked in this study 1738 

based on the optical classification of different types of waters. Thanks again for the 1739 

very instructive comments. 1740 

 1741 

SUVA is an important parameter used to describe carbon quality (e.g. in drinking water 1742 

industry). Therefore, it is important to link remote sensing and SUVA more closely in 1743 

the manuscript. Remote sensing of SUVA has been demonstrated at least in one recent 1744 

paper cited several times by the Authors. I would recommend to add this reference in 1745 

the 3.4 and strengthen the link between SUVA and remote sensing there. 1746 

 1747 

Response: the authors really thank for the suggestions. Same like the responses to the 1748 

exactly previous comments, the authors will retain the current manuscript major topic, 1749 

and only focus on the relationship between DOC and CDOM, and the remote sensing 1750 

part will be addressed in the manuscript in preparation. Thus, all you kind suggestions 1751 

will be definitely incorporated in that manuscript, hope you could give more 1752 
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instructive comments on the ongoing one later on. 1753 

Is there any information available for seasonal variability? At least in boreal zone 1754 

CDOM decreases from spring to summer and then starts to increase again (e.g. Kutser 1755 

2012), but how about the CDOM-DOC or DOC-SUVA relationships? This would be a 1756 

very interesting piece of information.  1757 

 1758 

Response: thanks for the valuable comments, certainly, the attempts to examine the 1759 

temporal variability between DOC and CDOM would be very interesting piece of 1760 

information, however, there only one visit for most of the waters being sampled. But, 1761 

we have water samples collected in three river sections in weekly or bi-weekly time 1762 

steps, which indicated that CDOM-DOC relationship (see Figure 5) may change with 1763 

different rivers. The head water section shows higher regression slope, while river with 1764 

certain amount of anthropogenic pollution will result in decreased regression slope 1765 

value (Figure 5c, sample were collected in the Songhua River, which was polluted by 1766 

sewage waters and other anthropogenic sources).  1767 

 1768 

In general the paper is written well. There are some minor errors in names (e.g. must 1769 

be Gulf of Finland not Finish Gulf in row 119) and some sentences can be modified, 1770 

but the text is easily readable. 1771 

 1772 

Response: the authors really thank for the valuable comments, these minor errors and 1773 

some of the problematic sentences were corrected or rephrased in the revised 1774 

manuscript, thanks again for the positive comments. 1775 

 1776 

 1777 

 1778 



85 
 

Responses to PK Kowalczuk’s comments: 1779 

Dear Dr Stamm, 1780 

After reading the manuscript by Song et al., submitted to Hydrology and Earth System 1781 

Science and coded hess-2017-179, I think that this study should be consider for 1782 

publication in this journal after major revision. 1783 

General opinion 1784 

This study presented results of extensive field studies on relationships between 1785 

absorption of Chromophoric Dissolved Organic Matter and Dissolved Organic carbon 1786 

in different water bodies conducted in continental China in different climatic zones. 1787 

Authors found overall very good correlation between DOC and CDOM absorption 1788 

coefficient at selected wavelengths, 275 and 400 nm. They have showed that both 1789 

values of the slope coefficient of the linear regression between considered variables 1790 

and values of determination coefficient varied considerably between studied water 1791 

bodies. Author have also proposed a solution to minimize those variations by groping 1792 

data according to spectral index M, which gave quite uniformed results in respect of 1793 

the calculated R2, but still there was a significant variability of in regression slope 1794 

coefficient values. This study proved that application of simple optical measurements 1795 

could be applied in accurate and reliable estimation of DOC content in fresh water 1796 

bodies in continental China. 1797 

My overall good opinion on this manuscript is somehow hampered by two major flaws: 1798 

the introduction is overlong with many repetitions especially in regarding remote 1799 

sensing applications, and Author have written their results together with discussion 1800 

and it is very difficult for reader to judge when Author presents their own results and 1801 

when they discuss with published results. 1802 

I strongly recommend to reduce introduction to maximum 3-4 pages from current 5, 1803 

reduce the implications to remote sensing in Introduction. This is particularly 1804 

redundant because Author have not presented a link between their regression analysis 1805 

and remote sensing reflectance – the geophysical variable that is physically measured 1806 
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by radiometers placed on spaceborne or airborne platforms. I also strongly 1807 

recommend that Author shall present their own results and later give their 1808 

interpretation in Discussion. 1809 

Responses: The authors thank for the positive comments on the overall quality of the 1810 

manuscript, particularly for the data set. Also, the authors thank for Professor 1811 

Kowalczuk pointing out the two major flaws, which we have addressed in the revised 1812 

manuscript by shortening or removing some unnecessary parts relevant to remote 1813 

sensing application in the Introduction section; further, we will separate Results 1814 

section with Discussion section in the revised manuscript.  1815 

 1816 

Detailed comments.  1817 

Abstract 1818 

Page 1 Lines 12 – 13 1819 

“An algorithm has been developed to retrieve DOC via CDOM absorption (aCDOM) 1820 

at 275 and 295 nm for coastal waters, but it is still unclear for the relationship between 1821 

DOC and aCDOM in other types of waters.” 1822 

This sentence has no support in presented results. Authors have derived regression 1823 

relationship between aCDOM(275) and aCDOM(440) but did proposed any remote 1824 

sensing algorithms in the way it usually developed by the ocean color remote 1825 

sensing/ocean optics community. Consider to remove this sentence. Abstract shall 1826 

described your own findings - and shall not contain discussion. When you mention 1827 

spectral values of aCDOM(ïA˛ˇn) – use the symbol l in parenthesis and then indicate 1828 

specific wavelengths. 1829 

Responses: The authors thank for the instructive and specific comments, we removed 1830 

this sentence in the revised manuscript. The very instructive comment for 1831 

presentation of aCDOM by including specific wavelengths was incorporated 1832 

throughout the manuscript during the revision. 1833 
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Page 2 Lines 28 – 30 1834 

Our results indicated the relationships between CDOM and DOC are variable for 1835 

different inland waters, and therefore remote sensing models for DOC estimation 1836 

through linking with CDOM absorption need to be tailored according to water types. 1837 

This sentence is not precise. Author developed empirical relationships between DOC 1838 

and aCDOM(ïA˛ˇn) but not proposed any remote sensing algorithm. Algorithm need 1839 

to be developed for different water types and later tested and validated and finally 1840 

optimized. Please rewrite this sentence. It would be OK in discussion as it points the 1841 

future direction of your work. Abstract shall briefly and comprehensively present your 1842 

results. 1843 

Responses: The authors thank for the thoughtful comments, we rewrote this sentence 1844 

in the revised manuscript to avoid misunderstanding with remote sensing of DOC 1845 

through the linkage with CDOM, we will try the best to achieve a concise and 1846 

comprehensive abstract in the revised manuscript. 1847 

 1848 

Introduction 1849 

Please reduce length of introduction significantly. Please try to use separate 1850 

paragraphs to present current knowledge of CDOM biogeochemistry, optics and 1851 

remote sensing applications to study part of the Earth carbon pool. Just one paragraph 1852 

thread is sufficient. Avoid later repetitions. 1853 

Responses: The authors thank for the comments, the Introduction section was 1854 

separated into current knowledge of CDOM biogeochemistry, optics and remote 1855 

sensing applications. Thanks again for the suggestions that really make the 1856 

Introduction presented more logically. 1857 

Page 4 Lines 77 – 95 1858 

There are a lot overstatements or incorrect sentences in this paragraphs – examples 1859 

below. 1860 
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“CDOM is a major light-absorbing substance, which is responsible for much of the 1861 

color in waters (Reche et al., 1999). “ 1862 

First of all CDOM is not a substance – it is a heterogeneous mixture of water soluble 1863 

organic compounds. CDOM have specific optical properties, it absorbs light in UV and 1864 

visible spectral range and those optical properties change spectral properties and light 1865 

intensity in water column. From physical point the water color, that can be sensed by 1866 

human eye (or radiometer) is a ratio between scattering coefficient and sum 1867 

absorption and scattering coefficients. As CDOM absorption contributes strongly to 1868 

total absorption coefficient and thus changes the b(ïA˛ˇn)/(a(ïA˛ˇn)+b(ïA˛ˇn)) ratio, the 1869 

visual effect of CDOM presence in water is change of color to yellowish (or brownish 1870 

when CDOM concentration is high). That is why first definition of CDOM was “yellow 1871 

substance”. 1872 

Responses: The authors thank for the very detailed comments, which really help for 1873 

clarifying the role that CDOM plays in water color remote sensing, or the water leaving 1874 

radiance by optically active constituents. Your kind suggestions were absorbed and 1875 

incorporated in the revised manuscript, and some of the inappropriate statements 1876 

were rephrased. 1877 

Page 5 Lines 78 – 80 1878 

“The chemical structure and origin of CDOM can be characterized by its absorption 1879 

coefficients (aCDOM(λ)) and spectral slopes (De Haan and De Boer, 1987; Helms et al., 1880 

2008).” 1881 

CDOM absorption coefficient aCDOM(ïA˛ˇn) cannot characterized CDOM chemical 1882 

structure – first CDOM is a mixture of countless compounds, second CDOM absorption 1883 

spectrum is featureless and monotonic and does not contain any spectral peaks that 1884 

could be associated with specific compounds. Spectral slope of CDOM absorption 1885 

spectrum is only an approximate proxy of the relative contribution of fulvic acids and 1886 

humic acids in this mixture, see Carder et al 1999 for details. There many physical and 1887 

microbial process influencing effective values of the spectral slope coefficient, so 1888 
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Author shall be cautious using such a definitive statements. All spectral indices cited 1889 

in following sentences, like SUVA(254), SR etc shall be cited correctly as defined by 1890 

their Author. Those spectral indices are only optical proxies correlated with sum 1891 

physical (SR – molecular weight) or chemical (SUVA(254) – relative aromaticity) 1892 

characteristics of CDOM. 1893 

Responses: The authors really thank for the reviewer’s very instructive comments. 1894 

These helpful suggestions or comments were adopted in the revised manuscript. 1895 

 1896 

Page 5 Lines 83 – 85 1897 

“...while the ratio of CDOM absorption at 250 to 365 nm (aCDOM(250/365), herein, 1898 

M values) ...” 1899 

This ratio shall be defined as aCDOM(250)/aCDOM(365)-not aCDOM(250/365)–this a 1900 

formal error – please correct throughout the whole manuscript text. 1901 

Responses: The authors thank for the instructive comments. The authors replaced 1902 

“aCDOM(250/365)” with “aCDOM(250)/aCDOM(365)” throughout the revised 1903 

manuscript. 1904 

 1905 

“...to track the changes in DOM molecule weight (De Haan and De Boer, 1987; Zhang 1906 

et al., 2010) and absorption intensity (Song et al., 2013).” 1907 

The ratio of two absorption coefficient at two different wavelengths tell nothing about 1908 

intensity of the absorption process-it only give a relative information who much 1909 

absorption is stronger(weaker) at one wavelengths relative to other wavelength. 1910 

Magnitude of ratio by spectral values of absorption coefficients could be an effect of 1911 

some reasons – according to De Haan and De Boer, 1987 – change in molecular weight). 1912 

Please cite literature correctly. 1913 

Responses: The authors really thank for the reviewer’s very instructive comments. The 1914 
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right citations were provide in the revised manuscript. 1915 

Page 5 Lines 91 – 93 “It should be noted that aCDOM(440) is usually used by remote 1916 

sensing community due to this wavelength is less affected by phytoplankton (Lee et 1917 

al., 2002).” 1918 

This sentence is a complete nonsense. The principle and highest phytoplankton 1919 

pigments absorption is located at 443 nm. Therefore the effect of phytoplankton 1920 

absorption on total absorption is highest here. The CDOM absorption in visible range 1921 

have overlapps with phytoplankton pigments absorption at 443, and this effect was 1922 

introducing errors in ocean color remote sensing algorithms for retrieval of chlorophyll 1923 

a concentration. In most cases chlorophyll a was overestimated by those algorithms 1924 

that were not taking into account CDOM absorption at 443 nm. That was a reason for 1925 

reporting aCDOM(443) in literature, and inclusion of this parameter particularly in 1926 

semi0anlytical remote sensing algorithms. 1927 

Responses: This comments is very instructive, that really help me understand the 1928 

underlying reason why aCDOM(443) was reported in remote sensing community. 1929 

Thanks again for the reviewer’s valuable comments. 1930 

Page 6 Lines 102 – 104 1931 

“With compositional change, the absorption feature of CDOM and its relation to DOC 1932 

varies correspondingly, but the relationship between CDOM and DOC is far from solved 1933 

(Gonnelli et al., 2013).” 1934 

CDOM is a complex mixture of heterogeneous organic compounds, each having 1935 

individual optical properties. Therefore, the estimation of the universal bulk carbon-1936 

specific CDOM absorption coefficient, aâA˛˝OCDOM(λ), defined as the ratio 1937 

aCDOM(λ)/DOC, seems almost unfeasible (Woz ńiakandDera,2007). Therefore value 1938 

of aâA˛˝OCDOM(λ) may change an order of magnitude in short spatial scale (e.g. Del 1939 

Vecchio and Blough, 2004; Kowalczuk et al., 2010, Mar Chem 118, 22-36).  1940 

Responses: The authors really thank for the instructive comments, which has been 1941 
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incorporated in the revised manuscript, and these references recommended by the 1942 

reviewer were also adopted during the manuscript revision. 1943 

Please consider to rewrite a whole paragraph between lines 77 – 105 1944 

Responses: Again, the authors thank for the comment, and the whole paragraph was 1945 

rewritten in the revised manuscript, and all the reviewer’s comments for the whole 1946 

paragraph listed above were also incorporated during rewriting of this part. 1947 

Page 6 Line 119 1948 

“... for example the Finish Gulf (Kowalczuk et al., 2006) ...” 1949 

Wrong citation. Paper by Kowalczuk et al., (2006) said nothing about relationship 1950 

between aCDOM(350) and DOC. This relationship has been presented for Baltic Sea 1951 

surface waters (not Gulf of Finland) in paper by Kowalczuk et al., (2010) (Oceanologia, 1952 

52(3), 431-471). Remove citation to Kowalczuk et al., 2006. 1953 

Responses: The authors thank for the very specific comment, the right study site and 1954 

right reference literature were incorporated in the revised manuscript. 1955 

Page 7 Lines 131 – 134 1956 

“ According to Fig.1, the proposed hypothesis suggests that the main source of ....” 1957 

Repetition. Please try to keep different thread together, do not repeat things that you 1958 

have said before. 1959 

Responses: The authors thank for the valuable comments, these repetitions were 1960 

avoided in the revised manuscript.  1961 

Materials and Methods 1962 

Page 9 Line 178 1963 

“ ... converted to in situ salinity units (PSU) in the laboratory. “  1964 

The salinity in practical salinity scale has no units – it’s a ratio of water electrical 1965 

conductivity measured at given temperature and pressure to ratio of electrical 1966 
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conductivity of artificial sea water measure at standard temperature and pressure. 1967 

This phrase shall be written as follow:  1968 

... converted to in situ salinity, expressed in practical salinity scale (PSU), in the 1969 

laboratory. 1970 

Responses: The authors really appreciated the valuable suggestion, which has been 1971 

adopted in the revised manuscript. 1972 

Page 9 Line 190 1973 

“ Chlorophyll-a (Chl-a) was extracted and concentration was measured using a 1974 

Shimadzu UV-2050PC spectrophotometer (Song et al., 2013).” 1975 

Detailed method of spectroscopic measurements of chlorophyll a concentration shall 1976 

be given, or at least a proper reference to equation that converts measure absorbance 1977 

of pigments extract to chlorophyll a concentration shall be cited. Song et al., are not 1978 

authors of this method, it has been proposed first by Strickland and Parsons, 1972. 1979 

Responses: The authors thank for the instructive comments, and the proper citation 1980 

was added in the revised manuscript. Strickland JDH, Parsons TR (1972) A practical 1981 

handbook of seawater analysis. Fisheries Board of Canada. Ottawa. 1982 

 1983 

Results and discussion 1984 

The whole section shall be rewritten to two sections: Results - where Authors presents 1985 

their own results, and Discussion – where Authors give interpretation of their results. 1986 

Responses: The authors for the instructive comments, as aforementioned, this section 1987 

was divided into Results and Discussion sections in the revised manuscript. 1988 

Page 11 Line 219 1989 

Chl-a concentrations (46.44±59.71 µg/L) changed from 0.28 to 521.12µg/L, with the 1990 

mean of 46.44 µg/L. 1991 
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Redundancy – you give the same value of averaged chlorophyll a concentration twice 1992 

in the same sentence. Correct. 1993 

Responses: The authors for the instructive comments, the redundancy was avoided in 1994 

the revised manuscript by deleting “with the mean of 46.44 µg/L”. 1995 

Page 14 Lines 285 – 287 1996 

Phytoplankton degradation may contribute relative large portion of CDOM and DOC in 1997 

these water bodies (Zhang et al., 2010), due to the lower molecular weight, its 1998 

absorption is different from that derived from terrestrial systems (Helms et al., 2008). 1999 

Wrong citation again. Helms et al., 2008 neither worked in fresh water bodies nor 2000 

studied phytoplankton degradation products. They have focused on photobleaching 2001 

effect on spectral slope and have established a spectral slope ratio as proxy for 2002 

molecular weight. I do not see any information on spectral slope ratio in this paper – 2003 

so why do you discuss with Helms et al., 2008. This paper does not present any CDOM 2004 

absorption spectral slope data at all. 2005 

The same wrong citation to Helms et al., (2008) repeated on the same page at line 291. 2006 

Responses: The authors thank for the comments. There might a misunderstanding for 2007 

the reference, here the authors try to say that phytoplankton degradation may change 2008 

the spectral slope due the change of molecular weight for some components of the 2009 

mixture compounds. The wrong citation was removed, and the proper ones were 2010 

added in the revised manuscript.  2011 

Page 14 – 15, Lines 297 - 300 2012 

“As suggested by Brezonik et al. (2015) and Cardille et al. (2013), CDOM in the 2013 

eutrophic waters or those with very short resident time may show seasonal variation 2014 

due to algal bloom or hydrological variability, while CDOM in some oligotrhopic lakes 2015 

or those with long resident time may show an opposite pattern.” 2016 

This is a part of discussion, but I do not know which part of results is discussed here. 2017 

Authors did not spent a lot of time on trophic status of studied lakes. The chlorophyll 2018 
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a is mentioned only in one sentence at the beginning of Results section. 2019 

Responses: The authors really appreciated this comments. This sentence was removed 2020 

since it did not have a strong link with the current study, and we did not pay much 2021 

attention to the impact of eutrophication on CDOM absorption characteristics. 2022 

Page 15 Line 318 2023 

“ ... were found and less colored portion of DOC was presented in waters in semi-2024 

arid to arid regions ... “ 2025 

I did not found any data on aCDOM(ïA˛ˇn)/DOC relationship in this paper, neither in 2026 

the text, tables nor figures. What Authors refer to? 2027 

Responses: The authors thank for this comments, and sorry for the misleading. In the 2028 

first submitted version, the relationship between DOC and CDOM were analyzed based 2029 

on the SUVA254 classification, which has connection with aCDOM(ïA˛ˇn)/DOC 2030 

relationship, this part was not full removed from the previous version, that caused the 2031 

misunderstanding. We remove this sentence in the revised manuscript, thanks again 2032 

for the valuable comments. 2033 

   2034 

Page 16 Line 339 2035 

“ ... which is consistent with the findings from Helm et al. (2008) ...” 2036 

Wrong citation again. There is no single line in paper by Helms et al., (2008) on DOC 2037 

vs. aCDOM(l) relationship. 2038 

Response: The authors thank for the comment, there might a misunderstanding for 2039 

the expression. Here the author did not state the relationship between DOC and 2040 

CDOM, rather, we tried to say that CDOM in head waters tend to have high molecular 2041 

weights, thus lower spectral slope values, which has nothing to do with the 2042 

relationship between CDOM-DOC. To avoid misunderstanding, we rephrased this 2043 

sentence in the revised manuscript. 2044 
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Page 19 Line 397  2045 

“ ... ice and snow cover shielded out most of the solar radiation that might cause a 2046 

series of biochemical process for CDOM contained in water ...”  2047 

What specific processes Authors refer to? Citation need to support this statements, 2048 

otherwise I suggest to delete it. 2049 

Response: Thanks for the comment, this sentence was deleted in the revised 2050 

manuscript.  2051 

Page 20 Line 428 2052 

“This has important implication for remote sensing of DOC through the CDOM 2053 

absorption as a bridge (Zhu et al., 2014; Kuster et al., 2015; Brezonik et al., 2015).” 2054 

What kind of bridge CDOM absorption is ?  2055 

Response: Thanks for the comment, we rephrased this sentence in the revised 2056 

manuscript to make it clear. Here, the authors try to say that CDOM is a optically active 2057 

constituent that can be remotely sensed, but not DOC. Remote sensing of DOC is based 2058 

on the relationship between DOC-CDOM, thus CDOM absorption is a bridge for DOC 2059 

estimate through remotely sensed data. 2060 

Page 23 Line 491  2061 

“Most of the paired data sitting close to the regression line except some scattered 2062 

ones.”  2063 

Very bizarre sentence that contains no useful information. Delete it.  2064 

Response: Thanks for the comment, this sentence was deleted in the revised 2065 

manuscript. 2066 

 2067 

Conclusion 2068 

Delete first two sentences that refer to remote sensing. This paper is about DOC vs. 2069 
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aCDOM(ïA˛ˇn) relationships in different water bodies not about remote sensing 2070 

algorithms. 2071 

Response: The authors really thank for the very valuable comments, the first two 2072 

sentences were removed as suggested.  2073 

Page 24 Lines 514 – 516 2074 

The slope values of saline lakes and urban waters were close to unity, slope values of 2075 

river water were highest (∼ 3.1), and slope values of other water types were in 2076 

between. Repetition of results – consider to delete. 2077 

Response: The authors really thank for the very valuable comments, these repetitive 2078 

statements were removed in the revised manuscript.  2079 

 2080 

Acknowledgements “Last but not the least, the authors 534 would like to thank the 2081 

editor and two anonymous referees .....” Has this manuscript been submitted to other 2082 

journal and reviewed before current review? 2083 

Response: thanks for the comment, yes, this manuscript was submitted to HESS in 2084 

2016, and the handling editor (Professor Stamm) suggested to resubmit to HESS, thus 2085 

the previous acknowledgements were kept. 2086 

 2087 

Figure 3 and 5, 8, 9 2088 

Y axis legend on figure 3, 5, 8, 9 2089 

Is: aCDOM275 (m-1), should be aCDOM(275) [m-1] – please correct accordingly in all 2090 

specified figures. 2091 

Response: The authors really thank for the very valuable comments, Figure 3, 5, 8, and 2092 

9 were reproduced with the suggested labels.  2093 

Figure 4 2094 
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Add information to legend – what CDOM absorption coefficient, aCDOM(ïA˛ˇn) is 2095 

presented on 3 panel of Figure 4. 2096 

Response: The authors really thank for the very helpful comments, CDOM absorption 2097 

coefficient wavelength of three panels in Figure 4 were added in the revised 2098 

manuscript. 2099 

Figure 6 2100 

The same remark as for figures 3, 5, 8, 9 – correct Y axis legend to aCDOM(440) [m-1] 2101 

Figure 6. 2102 

Response: The authors really thank for the very valuable comments, the Y axis legend 2103 

for Figure 6 was corrected in the revised manuscript.  2104 

Figure 7 legend the ratio shall be defined as aCDOM(250)/aCDOM(365) - not 2105 

aCDOM(250/365). Panel a Y axis SUVA(254) dimension is [m2 g-1]. 2106 

Response: The authors really thank for the very valuable comments, all your kind 2107 

suggestions were incorporated in the revised manuscript. 2108 

Figure 9 2109 

Scales on panel c graph shall be expressed in decimal logarithms log-log. The 2110 

regression shall be fitted to power function–so it will be linear in log-log scale. See 2111 

examples in paper by Kowalczuk et al., (2010) (Oceanologia, 52(3), 431-471). 2112 

Response: Thanks for the valuable comments, panel c of figure 9 was reproduced as 2113 

suggested. 2114 

Table 2 2115 

Add units to DOC and aCDOM(440) as in Table 1. 2116 

Response: Thanks for the suggestion, units for DOC and aCDOM(440) were added in 2117 

Table 2. 2118 

 2119 


