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Contribution of climatic variability and human activities to stream flow changes 28 

in the Haraz River basin, northern Iran 29 

Abstract 30 

In northern Iran’s Haraz River basin between 1975 and 2010, hydrological sensitivity, double mass curve, 31 

and Soil and Water Assessment Tool (SWAT) methods were applied to monitoring and analysing changes 32 

in stream flow brought on by climatic variability and human activities. Applied to analyse trends in annual 33 

and seasonal runoff over this period, the sequential MK test showed a sudden change point in stream flow 34 

in 1994. The study period was, therefore, divided into two sub-periods: 1975-1994 and 1995-2010. The 35 

SWAT model showed obvious changes in water resource components between the two periods: in 36 

comparison to the period of 1975-1994, sub-watershed-scale stream flow and soil moisture decreased during 37 

1995-2010. Changes in evapotranspiration were negligible compared to those in stream flow and soil 38 

moisture. The hydrological sensitivity method indicated that climatic variability and human activities 39 

contributed to 29.86% and 70.14%, respectively, of changes in annual stream flow, while the SWAT model 40 

placed these contributions at 34.78% and 65.21%, respectively. The double mass curve method indicated 41 

the contribution of climatic variability to stream flow changes to be 57.5% for the wet season and 22.87% 42 

for the dry season, while human activities contributed 42.5% and 77.13%, respectively. Accordingly, in the 43 

face of climatic variability, measures should be developed and implemented to mitigate its impacts and 44 

maintain eco-environmental integrity and water supplies.  45 

Keywords: Trend analysis; Climatic variability; Anthropogenic activities; SWAT model; water balance; 46 

Annual and seasonal stream flow; Haraz River basin 47 

 48 

1. Introduction 49 

Stream flow is a vital part of the study of water resources. Quality and quantity of flow is highly 50 

affected by climatic variability and human activities, e.g., land use changes, irrigation, reservoir 51 

construction, etc. (Wu et al., 2013; Pirnia et al., 2014; Darabi et al., 2014: Tan and Gan, 2015; Ahn 52 

and Merwade, 2017; Torabi Haghighi et al., 2018). Global temperature raised by 0.89°C from 1901 53 

until 2012 and is predicted to further increase in the 21st century. This increase may lead to 54 

significant changes in precipitation and runoff (IPCC, 2013; Qin et al., 2014). In addition, 55 
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increasing population and greater water and food requirements have led to greater demands on 56 

water resources (Cheng et al., 2016; Tian et al., 2016). Hydrological responses of basins to climate 57 

change and variability differ throughout the world. In some regions, significant changes in 58 

temperature and precipitation have resulted in greater base flow, annual mean discharge and 59 

flooding (Ahn et al., 2016). In other areas, however, base flow has declined along with annual mean 60 

discharge, and drought conditions have prevailed (Dai, 2013; Zhao et al., 2015; Wang et al., 2016; 61 

Sadegh et al., 2018). In general, over recent years, Iran has seen a decrease in precipitation and 62 

stream flow and an increase in the occurrence of drought (Menberu et al., 2014; Khoshravesh et 63 

al., 2016; Ghasemi and Moogooei, 2017; Mousavi and Marofi, 2017). Destruction of land cover 64 

and decreased precipitation in northern Iran, have led to flood and drought events, respectively 65 

(Ghanghermeh and Roshan, 2015; Arab Ameri, 2017).  66 

Hydrologists have recently shown increased interest in trend analysis of river flows and the 67 

identification of driving factors. While a few studies focused specifically on either the contribution 68 

of human activities (Gao et al., 2014) or the impact of climatic factors (Li et al., 2012; Song et al., 69 

2014) on stream flow changes, many considered both (Zhang et al., 2012; Cheng et al., 2016; 70 

Ashraf et al., 2016; Zhang et al., 2016; Zhang et al., 2017; Torabi Haghighi, and Kløve, 2017; Fazel 71 

et al., 2017). Cheng et al. (2016) reported that changes in precipitation during 1971-1994 and 1995-72 

2008 led, respectively, to 33.3% and 48.9% declines in runoff, and 3.8% and 17.1% declines in the 73 

river’s sediment loads within the Yanhe River basin. They concluded that the contribution of 74 

human activities exceeded that of climatic variability. Zhang et al. (2017) concluded that 75 

anthropogenic activities (e.g., use of ground and surface water for urbanization, industrialization 76 

and the creation of reservoirs) contributed 63-65% to recent drought events in the Haihe River 77 

basin. 78 

The extent to which stream flow is driven by climatic variability and human activities is generally 79 

evaluated through time series analysis, elasticity-based methods or hydrological modelling. 80 

Providing useful options in determining runoff responses to drivers such as climatic changes and 81 

human actions, statistical methods draw on relationships between hydro-meteorological variables 82 

(e.g., stream flow and a climatic variable like precipitation), and identify the contribution of 83 

effective factors to changes in stream flow (Zhang et al., 2014; Torabi Haghighi et al., 2016). 84 

Hydrological data time series (e.g., stream flow series) show temporal oscillations caused by 85 

climate and land use changes and can serve to identify runoff changes due to either change in 86 
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climate or human activities (Zhang et al., 2011). In elasticity-based methods, stream flow 87 

alterations arising from climate variability are detected on the basis of stream flow sensitivity to 88 

precipitation and potential evapotranspiration (ETpot).  89 

A better understanding of the impacts of effective drivers on stream flow changes can be achieved 90 

through the application of multiple approaches rather than a single approach. In the present study 91 

three methods were applied: a double mass curve time series analysis method, a hydrological 92 

sensitivity elasticity-based method, and a comprehensive hydrological model (SWAT). Stream 93 

flow is influenced by both climatic variability and human activities, it is, therefore, essential to 94 

separate the influence of these two drivers to allow for sound policy decisions and proper 95 

management of water resources.  96 

Although the destruction of natural resources in northern Iran has increased considerably in 97 

response to population growth and increased demands for water, soil and food resources over recent 98 

decades (Mirakhorlou and Akhavan, 2016; Darabi et al., 2019), this region still maintains the 99 

densest vegetation cover in the country. As a result of these challenges, and the sensitivity of Iran’s 100 

northern basins to variations in runoff, the most destructive of Iran's recent floods have occurred 101 

in the northern basins (Rahimi, 2016). Accordingly, a complete study of these basins’ water 102 

resource components is necessary to improve management decision-making in this area. 103 

The present study was specifically aimed at: (i) understanding trends and identifying any sudden 104 

change of the annual and seasonal runoff; (ii) separating climatic variability and human activities 105 

contributions in annual and seasonal stream flow changes; and (iii) evaluating the spatio-temporal 106 

changes of hydrological components in the basin and sub-basins. This study was unique as it 107 

represented an effort to: (i) identify the individual impacts of climatic change and human activities 108 

to stream flow in both pre- and post-break point periods; and (ii) detect relevant water resources 109 

components before and after the abrupt change. In order to confirm these results, the SWAT model 110 

was applied under two different scenarios: (a) varying climate under constant land use, and (b) 111 

constant climatic conditions under shifting human activities. Differences in simulated values were 112 

deemed a climate variability effect, whereas the proportion of the difference in observed values to 113 

the difference in the simulated values (climate variability contribution), was deemed to represent 114 

the impacts of human activities. 115 

 116 

2.  Study Area 117 
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 Located in northern Iran (39° 23΄- 40° 15΄N lat., 53° 90΄- 63° 22΄E long.), the Haraz River basin 118 

drains an area of approximately 4,014 km2 and varies in elevation from 300 m to 5600 m (Fig. 1). 119 

Annual precipitation ranges from 302 mm in the central region (Panjab station) to 1,069 mm in the 120 

eastern region (Ghoran Talar station) with a mean annual precipitation of 685 mm across the basin. 121 

Annual mean temperature varies from 5°C in Firouzkouh to 23.1 °C at the Rineh station, with a 122 

basin average of 13°C. Most land cover of the Haraz basin consists of high-density grassland. The 123 

north-eastern part of the basin has high-density and semi-dense forests. Dominant land use 124 

categories along rivers include irrigated lands and orchards. There are numerous rivers in the basin, 125 

but the Haraz River has the largest water supply in the north of Iran and the largest river in the 126 

Caspian Sea basin, with an average discharge of 31.1 m3 s-1. 127 

In the Haraz River some activities including mining, road construction, and expansion of barren 128 

and urban lands had huge impacts in recent years. Zargoosh et al. (2014) found that forest and 129 

grassland areas decreased, and barren lands and orchards increased between 1988-2013. Namdar 130 

et al. (2013) showed that river flow will likely decrease considerably in the future as a result of 131 

climate change. However, it remains important to more fully understand the possible changes in 132 

water resources that can be attributed to climate variability and human activity. 133 

Urbanization and also population growth can affect watershed hydrological responses (Lee et al., 134 

2017), and currently most watersheds in developing countries (especially Iran) are experiencing 135 

large population growth along with the expansion of impervious area. Fig. 2 shows the change in 136 

population and impervious area in the Haraz river basin. Specifically, Fig. 2a shows that the 137 

population in the Haraz river basin increased during 1972–2012 while Fig. 2b shows the dramatic 138 

increase of impervious area caused by urban and rural development during 1983–2013 in the in the 139 

Haraz river basin. Therefore, both climate and human drivers affect the hydrological responses in 140 

the Haraz river basin. 141 

Figure 1: 142 

Figure 2: 143 

 144 

3. Materials and Methods 145 
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3.1. Data and study period 146 

3.1.1. Hydro-meteorological data 147 

The monthly runoff data (1975-2010), from the Karesang hydrological station on the Haraz River 148 

and monthly precipitation, solar radiation, maximum and minimum temperatures, and humidity 149 

data of 1975–2010 period were used from 16 climate stations, within and around the study basin 150 

(Table 1). The ETpot data were estimated by the Penman-Monteith method (Allen et al., 1998; 151 

Huang et al., 2014). As precipitation varies in intensity and duration throughout the entire basin, 152 

the basin-averaged precipitation and ETpot were computed using the Thiessen polygon method.  153 

 154 

3.1.2. Geospatial data: 155 

Spatial data, including a digital elevation model (DEM) along with land use (produced by Landsat 156 

images) and soil map (1:100000), were used to set up and run the SWAT model, which was then 157 

calibrated and validated for the estimation of the water balance (Table 1). Land use maps were 158 

obtained from 1991, 2006 and 2013 Landsat satellite data (United States Geological Survey; 159 

USGS). The DEM data, at a 30-m resolution, was used to calculate sub-basin physiographic 160 

parameters.  161 

 162 

Table 1: 163 

 164 

Quantifying and understanding stream flow changes using an intra-annual scale (i.e., seasonal or 165 

monthly) can provide more significant information than if inter-annual time scales are used (Wang 166 

et al., 2016), the latter, however, is still most commonly used. The analysis of annual runoff does 167 

not reveal the reasons for stream flow change in any detail. Hence, the assessing the seasonal flows 168 

caused by of climate variability and human activities can represent a more important analysis in 169 

terms of understanding the effective factors contributing to stream flow changes (Zhang et al., 170 

2016). Changes in stream flow resulting from climate variability and human activities at a seasonal 171 

scale may be more important than those occurring on an inter-annual scale. To better understand 172 

stream flow changes according to the specific characteristics of precipitation in the Haraz River 173 

basin, annual stream flow was divided into two temporal intervals: May to September (dry period) 174 

and October to April (wet period). 175 

 176 
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3.2. Trend analysis 177 

Statistical methods designed to analyse trends in time series (parametric or non-parametric), with 178 

the latter having more extensive applications (Xu et al., 2015).  179 

 180 

3.2.1. Mann-Kendall (MK) trend test  181 

The Mann-Kendall (MK) test (nonparametric methods) are widely used for hydro-climatological 182 

purposes (Zhang et al., 2012; Chen et al., 2013; Ahn and Palmer, 2015; Pirnia et al., 2018) and t is 183 

a distribution-free method for trend analysis with minimal assumptions for time series. In the 184 

present study MK test was applied to determine the trends in the observed and modelled hydro-185 

climatological data.  186 

3.2.2. Determination of change point using the sequential MK and Pettitt tests 187 

A sequential MK test is used to detect an sudden change point. The test statistic Sk is calculated as 188 

(Wang et al., 2016): 189 

SK= ∑ ∑ aij(k = 2,3,4,…,n)

i-1

j=1

k

i=1

 

 

(1) 

αij= {
1    xi>xj

0     xi≤xj
   where  1 ≤ 𝑗 ≤ 𝑖 

(2) 

The statistical index, UF, is then calculated as (Xu et al., 2015): 190 

 191 

UF =
𝑆𝑘 − 𝐸(𝑆𝑘)

√𝑉𝑎𝑟(𝑆𝑘)
   where 𝑘 = 1,2,3, ⋯ , 𝑛 

(3) 

where,  

𝐸(𝑆𝑘) =
𝑘(𝑘 − 1)

√𝑉𝑎𝑟(𝑆𝑘)
 

(4) 
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𝑉𝑎𝑟(𝑆𝑘) =
𝑘(𝑘 − 1)(2𝑘 = 1)

72
 

(5) 

 192 

The UF and UB, namely the statistical indices for a forward and backward sequence, follow a 193 

standard normal distribution and are computed by the same equation, but with their time series 194 

running inversely. 195 

3.3. Impacts of climate variability and human activities on stream flow 196 

3.3.1. Hydrological sensitivity method 197 

Water  198 

Long-term water balance can be assessed the effects of climate variability on runoff and it can be 199 

summarized as follow (Lee and Kim, 2017): 200 

𝑃 = 𝐸 + 𝑄 + ∆𝑆                                                                                                                        (6) 201 

where P is the precipitation (mm), Q is the runoff (mm), and ΔS is the water storage change in 202 

watershed and E, a a function of the dryness index ϕ=Eo/P, is the actual evapotranspiration (mm). 203 

The actual evaporation (E), was calculated based on six popular Budyko-based functions (Table 2) 204 

and Eq. 7. 205 

Table 2: 206 

𝐸 = 𝑃𝐹(∅)                                                                                                                                                 (7) 207 

 208 

A hydrological sensitivity method was applied to determine stream flow modifications, driven by 209 

changes in rainfall and potential evapotranspiration, as the climatic variables affecting stream flow 210 

(Wang et al., 2016). According to this method, mean annual stream flow change was calculated by 211 

Eq. 8 (Li et al., 2007; Ahn and Merwade, 2014): 212 

∆𝑄𝑐𝑙𝑖𝑚 = 𝛽∆𝑃 + 𝛾∆𝐸0 (8) 
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where, ∆𝑄𝑐𝑙𝑖𝑚 is the stream flow change influenced by climate variability, and ∆𝑃 and ∆𝐸0 are 213 

precipitation and ETpot changes, respectively. The values of β and γ are stream flow sensitivity to 214 

precipitation and ETpot, respectively, and are calculated as (Wang et al., 2016; Lee and Kim, 2017): 215 

𝛽 =
1 + 2𝜂 + 3𝜔𝜂2

(1 + 𝑥 + 𝜔𝜂2)2
 

(9) 

𝛾 =
1 + 2𝜔𝜂

(1 + 𝑥 + 𝜔𝜂2)2
 

(10) 

Where, η and ω are the dryness index (equivalent to ETpot/P) and plant-available water coefficient, 216 

respectively. The term ω represents the relative difference in the way plants use soil water for 217 

transpiration. 218 

 219 

 220 

3.3.2. Methodology for hydrological separation 221 

The double mass curve method uses stream flow and cumulative rainfall values to determine the 222 

start time of obvious changes in stream flow resulting from anthropogenic activities (Searcy and 223 

Hardison, 1960). This method has been extensively applied to assess the consistency between 224 

hydro-meteorological time series and, in particular, to detect stream flow changes attributable to 225 

the impacts of human activity (Wang et al., 2016; Gao et al., 2013). Contribution of these impacts, 226 

compared with precipitation as the important climatic factor, is determined by the double mass 227 

curve. The rationale is that digression of a linear relationship between cumulative stream flow and 228 

precipitation should show the impact of human activities (Wang et al., 2016). Runoff variation is 229 

related to the climate variability impacts and human activities. Accordingly, the total variation in 230 

runoff, Δ𝑄𝑡𝑜𝑡, is calculated as (Peng et al., 2016):  231 

Δ𝑄𝑡𝑜𝑡 = Δ𝑄ℎ𝑢𝑚 + Δ𝑄𝑐𝑙𝑖𝑚 (11) 

where, Δ𝑄𝑐𝑙𝑖𝑚and Δ𝑄ℎ𝑢𝑚 are the runoff changes caused by climate variability and human 232 

activities, respectively. Therefore, the proportion of Δ𝑄𝑐𝑙𝑖𝑚 in Δ𝑄𝑡𝑜𝑡 as well as the proportion of 233 

Δ𝑄ℎ𝑢𝑚 in Δ𝑄𝑡𝑜𝑡 are equal to the contribution of climate variability and human activity effects on 234 

the stream flow changes. The total variation in runoff can also be calculated as: 235 

ΔQ
tot

 = 𝑄2 − 𝑄1 (12) 

 236 
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Where, 𝑄2 and 𝑄1 are the annual mean observed stream flow in the change and reference periods, 237 

respectively. Furthermore, separate analyses of the impacts of human activities and climate 238 

variability on runoff, 𝐶𝑐𝑙𝑖𝑚 and 𝐶ℎ𝑢𝑚, respectively, can be estimated as (Bao et al., 2012): 239 

𝐶ℎ𝑢𝑚 = 100 ∙
Δ𝑄ℎ𝑢𝑚

Δ𝑄𝑡𝑜𝑡
 𝐶𝑐𝑙𝑖𝑚 = 100 ∙

Δ𝑄𝑐𝑙𝑖𝑚

Δ𝑄𝑡𝑜𝑡
 

(13) 

The double mass curve method is based on the linear regression evaluation. In the reference period 240 

the relationship between cumulative stream flow and rainfall is accordingly considered as (Peng et 241 

al., 2016):  242 

∑ Q = k ∑ P + b 
(14) 

Where, 𝑄 and 𝑃 are stream flow and precipitation, respectively, and 𝑘 and 𝑏 are two coefficients. 243 

This equation is used to predict stream flow in the modified period. Considering precipitation, as 244 

the climate factor, is the same for both predicted and observed runoff, during the reference and 245 

change periods (in this study precipitation for the reference period was considered for the change 246 

period), the difference between observed and simulated values of stream flow during the change 247 

period is equal to the values influenced by human activities: 248 

Δ𝑄ℎ𝑢𝑚= 𝑄2
′ − 𝑄2 (15) 

where, 𝑄2
′  is the annual mean predicted stream flow during the change period. Thus, the runoff 249 

change influenced by climate variability is the difference between the total runoff change and the 250 

runoff change caused by human activities (Fig. 3).  251 

 252 

Figure 3: 253 

 254 

3.3.3. Hydrologic modelling (SWAT model) 255 

The semi-distributed SWAT model (Neitsch et al, 2011; Ahn and Merwade, 2014) was used to 256 

evaluate water flow components as well as to detect climate variability and human activity effects. 257 

SWAT simulations divide a basin into many hydrological response units (HRUs), all with uniform 258 

cover, soil and management regimes (Neitsch et al., 2011). Using small units for simulation 259 

purposes is very useful in situations where the basin has widely varying soil types and different 260 
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land uses, which each affect basin hydrology differently. The water balance equation for detection 261 

of the hydrological components in SWAT is expressed as (Arnold et al., 1998; Zhang et al., 2016): 262 

𝑆𝑊𝑡 = 𝑆𝑊0 + ∑(𝑃𝑖 − 𝐸𝑇𝑖 − 𝑄𝑖,𝑠𝑒𝑒𝑝 − 𝑄𝑖,𝑠𝑢𝑟𝑓 − 𝑄𝑖,𝑔𝑤)

𝑡

𝑖=1

 

(16) 

 263 

where, 𝑆𝑊𝑡 is soil moisture at time t (mm); 𝑆𝑊0 is initial soil moisture (mm); i is the day counter; 264 

𝑃𝑖 is precipitation (mm); 𝐸𝑇𝑖 is evapotranspiration (mm); 𝑄𝑖,𝑠𝑒𝑒𝑝 is percolation through the soil 265 

profile (mm); 𝑄𝑖,𝑠𝑢𝑟𝑓 is surface runoff (mm); and 𝑄𝑖,𝑔𝑤  is ground water return flow (mm). 266 

In the present study, the first two years (1975-1976) were the warm-up period, while 1977-1985 267 

and 1986-1994 were the calibration and validation periods, respectively, when stream flow was 268 

less heavily influenced by human activities. 269 

 270 

3.3.4. SWAT model evaluation 271 

The SWAT-CUP and SUFI-2 algorithms (Abbaspour, 2007; Abbaspour, 2011; Abbaspour et al., 272 

2015) were used for calibration, validation, sensitivity and uncertainty analysis. After the 273 

sensitivity analysis, model accuracy was evaluated using the Nash-Sutcliffe Efficiency (NSE) 274 

criterion (Nash and Sutcliffe, 1970) and the coefficient of determination (R2). The NSE and R2 275 

values range from -∞ to 1 and 0 to 1, respectively; generally acceptable values are higher than 0.5 276 

and 0.6, respectively (Zhang et al., 2016): 277 

0 2

1

2

1

( )

1

( )

n
bs sim

i i

i

n
obs

i obs

i

Q Q

NS

Q Q





 
 

  
 
  




 

(17) 
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(18) 

 278 

where, 𝑄𝑖
𝑜𝑏𝑠 is the observed discharge, 𝑄𝑖

𝑠𝑖𝑚  is the simulated discharge, 𝑄̅𝑖
𝑜𝑏𝑠 is the average 279 

observed discharge, and 𝑄̅𝑖
𝑠𝑖𝑚 is the average simulated discharge (m3 s-1). 280 

 281 
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The SUFI2 algorithm for determining the 95% prediction uncertainties (95PPU) generates two 282 

indices: the p-factor and the r-factor (Abbaspour, 2008). Defined as the percentage of obtained 283 

modelled data bracketed by the 95 PPU, the p-factor ranges from 0 to 1. The r-factor shows the 284 

quality of the simulation by expressing the average thickness of the 95PPU, values range between 285 

0 and ∞. Ideally, both the p- and r-factors should be close to 1.0.  286 

4. Results and Discussion 287 

4.1. Annual stream flow trends and sudden change point  288 

The null hypothesis H0 (no trend) was rejected (p ≤ 0.05) as the absolute values of all MK test 289 

standardized trend statistics exceeded 1.96 (Table 3). This indicates a negative trend for all series. 290 

The results of both MK and Pettitt change point tests indicated a sudden change in the annual stream 291 

flow in 1994 (p ≤ 0.05); as indicated by the intersection of the curves in Fig. 4. Based on this change 292 

point, the 1975-2010 series was divided into two periods: reference (1975-1994) and change (1995-293 

2010) (Table 4). The negative value of UF confirmed a downward trend in annual stream flow, 294 

reflecting a considerable (43.4%) drop in mean annual stream flow; 212 mm to 120 mm between 295 

the reference and change periods, respectively (Table 5). 296 

Table 3: 297 

Figure 4: 298 

Table 4: 299 

Table 5: 300 

 301 

4.2. Impacts of climatic variability and human activity on annual stream flow 302 

4.2.1. Annual stream flow changes based on the hydrological sensitivity method 303 

Table 5 also shows changes in ETpot and precipitation between the reference and change periods. 304 

Annual precipitation decreased by 13.37% and temperature increased by 4.8%, while ETpot 305 

increased only very slightly. Changes in climatic variables can have offsetting or synergistic 306 

impacts on water resource components (Shrestha et al., 2017), and in this case, it seems the changes 307 
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in precipitation and temperature had offsetting effects on ETpot. It can be concluded accordingly 308 

that the basin was moving toward drier conditions. 309 

 310 

The negligible change in ETpot suggested that it had little effect on changes in runoff. Precipitation, 311 

however, had a greater effect on stream flow change within the Haraz River basin (Table 5) (Wang 312 

et al., 2015). Accordingly, Eq. 16 can be rewritten as: 313 

∆𝑄𝑐𝑙𝑖𝑚 = 𝛽∆𝑃 (19) 

Sun et al. (2005) showed that in basins with complex land use types, the runoff sensitivity to 314 

changes in precipitation (β) can be described as: 315 

𝛽 = ∑(𝛽𝑖 ∙ 𝑓𝑖) 
(20) 

where, fi includes the area of land use types such as forest, grassland, farmland, construction and 316 

urban lands, etc. The ω values for the calculation of β (Eqs. 17 and 28) were set equal to 2, 1, 0.5, 317 

1 and 0.1 for high-density forest (forest cover > 30%), low-density forest (forest cover < 30%), 318 

grassland and farmland, shrub land, urban and barren lands, respectively (Sun et al., 2006; Wang 319 

et al., 2016).  320 

Based on land use maps of the Haraz River basin in 1988, 2000 and 2013, the proportion of total 321 

area under different land uses are shown in Table 6. Using Eq. 17 and Eq. 28, the value of β was 322 

found to be 0.335. Based on Eq. (27) and the decrease in stream flow of 92 mm y-1 between 323 

reference and change periods, the stream flow change was 29.85% (27.47 mm) by ∆𝑄𝑐𝑙𝑖𝑚 and 324 

70.15% (64.53 mm) by ∆𝑄ℎ𝑢𝑚 (Table 7). 325 

Table 6: 326 

Table 7: 327 

 328 

4.2.2. Parameter sensitivity, calibration and validation analysis 329 

Analysis of sensitivity is extremely useful for identifying influential parameters and improving the 330 

SWAT model’s simulation performance. The SUFI-2 algorithm detected 11 parameters that were 331 

sensitive to stream flow in the Haraz basin (Table 8). The most sensitive of these parameters were 332 
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CN2, ALPHA_BNK and CH_K2, indicating that stream flow in the Haraz basin was strongly 333 

influenced by snow, ground water, vegetation and soil properties.  334 

The MK test and the identification of a sudden change point (1994), showed that data for calibration 335 

and validation periods were both drawn from before 1994, when stream flow was minimally 336 

influenced by human activities. The first two years (1975-1976) were considered a warm-up period, 337 

while 1977-1985 and 1986-1994 data served as calibration and validation periods, respectively. 338 

Visual and statistical evaluations of model performance are shown in Fig. 5 and Table 9. The R2 339 

and NSE values for calibration were 0.89 and 0.79, respectively, while the p-factor and r-factor 340 

values were 0.78 and 0.96, respectively. Although the performance for the calibration period was 341 

better than that for the validation period, based on a sufficiently narrow 95PPU band, the 342 

uncertainty for stream flow simulation in both periods was deemed relatively small. Thus, model 343 

simulation performance was considered acceptable. 344 

 345 

Table 8: 346 

 347 

Figure 5: 348 

 349 

Table 9: 350 

 351 

4.2.3. Investigation of flow component changes 352 

Based on observed and SWAT-simulated stream flow values, stream flow amounts decreased by 353 

92 mm and 32 mm, respectively, between the reference and change periods (Table 10). Climatic 354 

variability and human activities contributed 34.78% and 65.22%, respectively, to these changes. 355 

This indicates a greater importance of human activities. The results of hydrological sensitivity 356 

method and the SWAT model were similar, confirming the fact that human activities contributed 357 

more to changes in stream flow than climatic variability. These results are consistent with a number 358 

of other studies (Ahn and Merwade, 2014; Wang et al., 2016; Yan et al., 2017). 359 

 360 

Table 10: 361 

 362 
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Runoff, ET, ground water and soil moisture were evaluated in the 1975-1994 and 1995-2010 363 

periods to identify climate variability and land use change effects on flow components. Differences 364 

in flow components between the two periods were rather minor under land use change and constant 365 

precipitation and temperature conditions (Table 11). Runoff increased by 4.98%, and ET, ground 366 

water and soil moisture decreased by 0.93%, 2.7% and 7.14% respectively. In contrast, under 367 

constant land use conditions, climate variability had a much greater effect on flow components, 368 

such that ET, runoff, ground water and soil moisture values decreased by 3.96%, 28.29%, 15.2% 369 

and 11.76%, respectively, between reference and change periods.  370 

 371 

A comparison of the results of the hydrological sensitivity method and SWAT model (Table 10) 372 

with the present (Table 11) confirms that land use change has a minimal effect on runoff. Human 373 

activities, excluding land use change, clearly had a considerable influence on the decrease in runoff 374 

in the Haraz River basin. Some studies, for example, reported the important role of regulative 375 

reservoirs on stream flow change (Song et al., 2015; Wang et al., 2016). 376 

 377 

Table 11: 378 

 379 

4.2.4. Spatial distribution of water resource components 380 

The SWAT model was run with the basin divided into 19 sub-watersheds. Spatial distribution of 381 

runoff, ET and soil moisture are shown in Fig. 6 for the 1975-1994 and 1995-2010 periods. 382 

 383 

Figure 6: 384 

 385 

4.2.4.1. Spatial distribution of stream flow 386 

The highest stream flows occurred in the downstream sub-watersheds, and the lowest in the central 387 

regions of the basin (Fig. 6). Although downstream areas of the basin included dense and semi-388 

dense forest, high runoff values still occurred in these regions due to high precipitation compared 389 

to other regions, and strong stream flow recharge by groundwater driven by snowmelt in the central 390 

and southern sub-watersheds. 391 

 392 
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The stream flow for the 1995-2010 period was considerably reduced in most sub watersheds, 393 

especially in the northern and downstream areas. This illustrated the importance of climate 394 

variability compared with land use change. The decreased runoff caused by lower precipitation 395 

overcame the increased runoff caused by less forest and rangeland and more barren and urban 396 

areas. 397 

 398 

4.2.4.2. Spatial distribution of evapotranspiration 399 

The highest ET values occurred in downstream and northern sub-watersheds, while the lowest ET 400 

occurred in the central and western sub-watersheds (Fig. 6). Forest and rangeland land use types in 401 

downstream sub-watersheds along with high temperatures and precipitation in these regions were 402 

major contributors to the high ET values. Decreased temperature and reduced vegetation cover area 403 

in the central and western sub-watersheds, compared with other sub-watersheds, resulted in a 404 

decrease in ET. 405 

 406 

Fig. 6 shows that ET in the 1995-2010 period was not significantly different than that in the 1975-407 

1994 period. This indicates the importance of the temperature increase in contrast with decreases 408 

in precipitation and land cover. The highest ET occurred in sub-watersheds 1, 2, 8, 6 and 5 in the 409 

downstream and northern areas, while the lowest ET occurred in sub watersheds 11, 13, 16 and 17 410 

in the centre and south portions of the basin. 411 

 412 

4.2.4.3. Spatial distribution of soil water 413 

Similar to runoff and ET, in the northern, downstream and north-western sub-watersheds, soil 414 

moisture was higher in the 1975-1994 period than in the 1995-2010 period (Fig. 6). Land cover 415 

including forest and rangeland and high precipitation values were the most important reasons for 416 

high soil moisture values in these sub-watersheds. Soil moisture was considerably reduced due to 417 

decreased precipitation, land cover and increased barren and urban lands during the 1995-2010 418 

period. Generally, flow component changes between the two periods showed that the role of 419 

climate variability outstripped that of land use change in decreasing runoff, ground water, soil 420 

moisture and ET. 421 

 422 

 423 
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4.3. Seasonal stream flow trends and sudden change point  424 

The results of both sequential MK and Pettitt tests also indicated a sudden change in seasonal 425 

stream flow in 1994 (p ≤ 0.05) (Fig. 7 and Table 12), a result consistent with the change point 426 

detected in annual stream flow. Thus, the study period (1975-2010) was also divided into 427 

reference (1975-1994) and change (1995-2010) periods for seasonal stream flow. 428 

 429 

Figure 7: 430 

 431 

Table 12: 432 

The changes in runoff and precipitation for wet and dry seasons between the reference and change 433 

periods (Table 13) show that the decline in stream flow was considerable in both wet (34.37%) 434 

and dry (71.15%) seasons. Precipitation in the wet and dry seasons decreased by 15.27% and 435 

6.66%, respectively. 436 

Table 13: 437 

 438 

4.4. Impacts of climate variability and human activity on seasonal stream flow 439 

A straight-line plot of cumulative values of seasonal stream flow and precipitation from 1975 to 440 

1994 (Fig. 8), shows the observed lines of cumulative runoff in both wet and dry seasons diverge 441 

from the predicted line in 1995, indicating that thereafter observed stream flow values were less 442 

than those predicted. These differences between cumulative values of observed and predicted 443 

runoff were likely related to the impacts of human activities. The results indicated that the stream 444 

flow changes affected by human activities in the wet and dry seasons were -23.38 mm (contribution 445 

of 42.5%) and -28.54 mm (contribution of 77.13%), respectively.  446 

Total stream flow changes between reference and change periods for the wet and dry seasons were 447 

-55 mm and -37 mm, respectively (Table 14). These changes were influenced by the climatic 448 

variability to the extent of -31.62 mm (contribution of 57.5%) in the wet season and -8.46 mm 449 

(contribution of 22.87%) in the dry season. Importantly, in the dry season, stream flow changes 450 

influenced by anthropogenic activities may be considerably more important than those attributable 451 
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to climatic variability. In a related study by Pirnia et al. (2014) in the Tajan River basin (near the 452 

Haraz basin and with similar climatic characteristics), increasing water transfer from river to 453 

riverside croplands was found to be the main reason for stream flow changes during the dry season. 454 

Figure 8: 455 

 456 

Table 14: 457 

 458 

4.5. Attribution of human activities and climatic variability 459 

Based on the land use maps of 1988, 2000 and 2013 (Table 6), the largest land use remained 460 

grassland despite a decreasing trend. Farmland and forest areas increased and decreased by 1.5% 461 

and 4%, respectively. Barren lands showed the most change among land use types with an increase 462 

of 6.5% (Table 6). Although, a decrease of forest and rangeland and an increase of barren lands 463 

could potentially lead to increases in stream flow, the offsetting effects of climate and human 464 

drivers led to a decrease of 43.4% in annual stream flow. In contrast, some human activities 465 

including the construction of regulative reservoirs could contribute considerably to decreases in 466 

stream flow. Although stream flow changes were influenced by a combination of climate and 467 

human factors, the present study shows that changes were generally influenced more by the latter. 468 

The effect of human activities on seasonal stream flow changes in the dry season was greater than 469 

in the wet season. In other words, during seasons when agriculture was carried out, land use changes 470 

due to increasing croplands seemed to have had a larger effect than other drivers. 471 

Of great interest to researchers (e.g., Yuan et al., 2015), climatic variability generally would alter 472 

stream flow through a variation in meteorological variables; especially precipitation or ETpot 473 

(Green et al., 2013; Tan and Gan, 2015). Hydrological changes resulting from climate variability 474 

may affect the performance and biodiversity of river ecosystems (Pall et al., 2011). The results of 475 

the present study indicate that climate variability contributed more than human activities to stream 476 

flow changes during the wet season. ETpot effects on stream flow changes were negligible since 477 

there was little difference between reference and change periods. Thus, among meteorological 478 

variables, precipitation made a more important contribution to stream flow changes of the Haraz 479 
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River basin than did ETpot. Changes in precipitation were considerable in the wet season, when the 480 

stream flow changes were influenced more by climate variability. 481 

 482 

Similar results were obtained for the hydrological sensitivity method and hydrological modelling 483 

(SWAT) when separating climate variability and human activity effects on annual stream flow. 484 

However, we believe the results of the SWAT model to be more useful given the numerous 485 

parameters it employs: climate variables (precipitation, temperature, relative humidity, wind speed, 486 

radiation) and terrestrial variables (land use, soil, DEM, slope). In contrast, the hydrological 487 

sensitivity and double mass curve methods consider only climate variables, especially 488 

precipitation. Because human impact is a gradual and continuous process and changes over time, 489 

consideration of water resource components, especially stream flow, by the SWAT model in the 490 

periods before and after the sudden change may better reveal the effects of human activities. 491 

Comparatively, the hydrological sensitivity method does not consider the impacts of human 492 

activities as a gradual and continuous process. 493 

In this study, we carried out stream flow trend analysis and evaluated the separate of the impacts 494 

of human and climate factors to stream flow changes; however, we did not consider the effects of 495 

reservoir construction as a factor effecting stream flow (Zhang et al., 2011; Wang et al., 2016). 496 

Future studies should consider the contribution of this factor on stream flow alterations.  497 

 498 

5. Conclusions 499 

The aim of the present study was to analyse the impacts of climatic and human factors on water 500 

resource components, especially stream flow, for the Haraz River basin between 1975 and 2010. 501 

For this purpose, temporal trends of annual and seasonal stream flow along with separation of 502 

climate variability and human activities effects were analysed, and the following major conclusions 503 

were reached: 504 

 (i) MK test results showed sudden change points in both annual and seasonal stream flows in 1994, 505 

along with a significant (p ≤ 0.05) decreasing trend. Accordingly, the stream flow record (1975-506 

2010) was divided into reference (1975-1994) and change (1995-2010) periods. 507 
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 (ii) The hydrological process was mainly influenced by climatic variability and human activities 508 

which annual stream flow changes were driven more by human activities than shifts in climate. 509 

Based on both the hydrological sensitivity method and the SWAT model, human activities 510 

contributed 70.15% and 65.22%, respectively, to changes in annual stream flows, while climate 511 

variability contributed the remaining 29.85% and 34.78%. 512 

(iii) To develop greater confidence and less uncertainty in the results, individual impacts of land 513 

use changes were considered as being among the most important human activities. We also 514 

evaluated the effects of climatic variability on stream flow and other water resource 515 

components including ET, soil moisture and ground water. The effect of shifting climate was 516 

considerably greater than that of changing land use. Other human activities such as regulative 517 

reservoirs can have significant impacts on water resources components, especially changes in 518 

stream flow. 519 

(iv)  Changes to the spatial distribution of water resources components (soil water, stream flow and 520 

ET) showed that climate (increased temperature and decreased precipitation) had considerably 521 

more effect than land use changes, particularly to stream flow. The changes in water resource 522 

components in sub-watersheds 1, 2, 8, 10 and 12 with greater density of forest lands revealed 523 

the more important contribution of climate compared to land use change. Stream flow in these 524 

sub watersheds decreased as a result of lower precipitation and higher temperatures, despite a 525 

decrease in forested lands and an increase in barren and urban lands. Thus, climate variability 526 

effects dominated over those brought on by land use changes. Negligible changes in ET, 527 

especially in sub watersheds 1, 2, 8 and 10 with high forest cover showed the offsetting effects 528 

of temperature increases (ET increase) and decreases in precipitation and land cover (ET 529 

decrease). 530 

(v) The variability of climatic factors and human activities contributed 57.5% and 42.5% to 531 

seasonal runoff changes in the wet season, respectively, and 22.87% and 77.13% in the dry 532 

season. Stream flow in the dry season was evidently mainly affected by human activities. 533 

 534 

The results of this study can better inform water resources management practices throughout the 535 

basin and also at the sub-watershed scale. Investigation of climate variability and land use change 536 

effects on stream flow by the SWAT model in dry and wet seasons could reveal seasonal effects 537 

of land use change, especially under constant climatic conditions and individual land use. Many 538 
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studies have assessed the combined and separated impacts of human activities and climate change 539 

on stream flow in large rivers. The contribution of storage and regulative dams as a part of human 540 

activities, however, also has an important role on the magnitude, frequency and duration of flows 541 

on the river downstream. This could be considered separately from other human activities (such 542 

land use change) and should be investigated in future studies.  543 
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 759 

Fig. 1.  Location of the Haraz River basin in Mazandaran province, northern Iran 760 

 761 

 762 

 763 

Fig. 2. Population growth and impervious area in the Haraz basin. a) Population growth; b) 764 

Impervious area.  765 

 766 

 767 
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 768 

Fig. 3. Schematic diagram to separate impacts of climate and human factors on stream flow 769 

changes.  770 
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 787 

Fig. 4. MK sudden change point detection in time series of annual stream flow 788 
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 791 

Fig. 5. Comparison of observed and simulated stream flow at a monthly timescale during the 792 

periods of calibration (1977-1985) and validation (1986-1994) 793 
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 802 

Fig. 6. Changes in stream flow, evapotranspiration and soil water (soil moisture) between the 803 

reference (1975-1994) and change (1995-2010) periods. 804 
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 807 

Fig. 7. Seasonal stream flow and MK sudden change point  808 
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 820 

Fig. 8. Double mass curve for seasonal stream flow and precipitation 821 
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Tables: 832 

Table 1 Data sources  833 

Data Parameters Time Source 

Climatic data 
Precipitation, Temperature, 

Humidity, Sunshine  
1975-2010 

Islamic Republic of Iran Meteorological 

Organization (IRIMO) 

 

Land use Land use from satellite data 1988, 2000, 2013 

United States Geological 

Survey (USGS) 

 

Elevation (DEM) ASTER DEM - 
USGS 

 

Soil Soil - 

Food and Agriculture Organization of the 

United Nations (FAO) 

 

Hydrometric data Stream flow data 1975-2010 Ministry of Energy, Islamic Republic of Iran 

 834 

 835 

 836 

 837 

Table 2 Equations for annual actual evapotranspiration 838 

Name of function Function 

Schreiber (1904) 𝐹(∅) = 1 − 𝑒−∅ 

Ol’dekop (1911) 𝐹(∅) = ∅ tanh(1/∅) 

Budyko (1948) 𝐹(∅) = [∅ tanh(1/∅)(1 − 𝑒−∅)]1/2 

Pike (1964); Turc (1954) 𝐹(∅) = 1/√1 + ∅−2 

Fu et al. (2007) 𝐹(∅) = 1 + ∅ − (1 + ∅𝛼)1/𝛼 

Zhang et al. (2001) 𝐹(∅) = (1 + 𝜔∅)/(1 + 𝜔∅ + 1/∅) 

 839 

 840 

Table 3 Statistical trend analysis results 841 
Data Record length MK statistic 

Wet period 1975-2010 -2.50 

Dry period 1975-2010 -2.18 

Annual 1975-2010 -3.67 

 842 

 843 
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Table 4 Results of the Pettitt and MK tests under the 5% significance level 844 

Data 
Pettitt test MK 

p-value Change point p-value Change point 

Annual 0.0001 1994 0.0007 1994 

 845 

 846 

 847 

Table 5 Annual precipitation (P), temperature (T), potential evapotranspiration (ETpot) and 848 

stream flow (Q) changes between the two periods 849 

 850 

 851 

 852 

   853 

 854 

Table 6 The proportion of total land area (%) under various land uses in different years 855 

 856 

 857 

 858 

 859 

Table 7 Climate and human factors impacts on annual stream flow 860 

 861 

 862 

 863 

 864 

Period P (mm) T (°C) ETpot  (mm) Q (mm) 

1975-1994 613 12.5 1252 212 

1995-2010 531 13.1 1263 120 

Change -82 (13.37%) 0.6 (4.8%) 11 (0.878%) -92 (43.4%) 

Land use 1988 2000 2013 Average 

Grassland 80.95           80.29 75.857   79.032 

Forest  10.284   8.752   6.084     8.373 

Farmland    5.287   6.461   6.851 6.2 

Barren land  2.33 4.55   8.957     5.279 

Construction land    0.874   1.669   2.161     1.568 

Water    0.275   0.108  0.09     0.157 

 ΔQ ΔQclim ΔQhum 

Quantity/mm -92 -29.63 -62.37 

Contribution rate (%) 100%    32.2%     67.8% 
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Table 8 Sensitivity analysis of SWAT model parameters. 865 

 866 

 867 

 868 

 869 

 870 

 871 

 872 

 873 

Table 9 SWAT model performance in calibration and validation periods 874 

 875 

 876 

Table 10 Human activities and climate variability impacts on the annual stream flow decrease 877 

(mm) 878 

Period Observed Simulated 
Total runoff 

changes 

Contribution of 

climate variability 

Contribution of 

human activities 

1975-1994 212 188    

1995-2010 120 156 -92 -32 (34.78%) -60 (65.22%) 

 879 

 880 

Table 11 Changes in water resources components (mm) caused by climate variability and land 881 

use change  882 

 883 

 884 

Rank Name Description t-value p-value 

1 r_CN2.mgt SCS runoff curve number for moisture condition II 17.6 0.00 

2 v_ALPHA_BNK.rte Base flow alpha factor for bank storage 8.4 0.00 

3 v_CH_K2.rte Effective hydraulic conductivity (mm/h) 3.9 0.007 

4 r_SOL_BD().sol Soil bulk density 3.2 0.009 

5 v_SMTMP.bsn Snow melt base temperature (◦C) 2.7 0.01 

6 v_SMFMX.bsn Melt factor for snow on June 21 (mm water/◦C-day) 2.6 0.01 

7 v_ALPHA_BF.gw Base flow alpha factor 2.35 0.02 

8 v_GW_DELAY.gw Groundwater delay time (days) 2.17 0.03 

9 v_SURLAG.bsn Surface runoff lag time (days) 2 0.04 

10 v_SFTMP.bsn Snowfall temperature (◦C) 1.92 0.057 

11 v_CANMX.hru Maximum canopy storage (mm) 1.79 0.063 

Period P-factor R-factor NSE R2 

Calibration (1977-1985) 0.78 0.96 0.79 0.89 

Validation (1986-1994) 0.85 0.82 0.77 0.84 

Period Precipitation ET Stream flow Ground water Soil water 

Land use change      

1975-1994 568 321 182 37 28 

1995-2010 568 318 188 36 26 

Change  -3 (0.93%) 6 (3.29%) -1 (2.7%) -2 (7.14%) 

Climate variability      

1975-1994 613 328 205 46 34 

1995-2010 531 315 147 39 30 

Change -82 (13.37%) -13 (3.96%) -58 (28.29%) -7 (15.2%) -4 (11.76%) 
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Table 12 Results of change point detection by the Pettitt and MK tests under the 5% significance 885 

level 886 

Data 
Pettitt test MK 

p-value Change point p-value Change point 

Dry season 0.0023 1994 0.008 1994 

Wet season 0.0004 1994 0.003 1994 

 887 

 888 

Table 13 Seasonal precipitation and stream flow changes between the reference and change 889 

periods 890 

 891 

 892 
 893 

 894 
 895 

Table 14 Impacts of climate variability and human activities on seasonal stream flow 896 

  ΔQ ΔQclim ΔQhum 

Wet season Quantity/mm -55 -31.62 -23.38 

 Contribution rate (%) 100%    57.5%     42.5% 

Dry season Quantity/mm -37   -8.46  28.54 

 Contribution rate (%) 100%      22.87%     77.13% 

 897 

Period 

Precipitation Stream flow 

Wet season 

(mm) 

Dry season 

(mm) 

Wet season (Qw) 

(mm) 

Dry season (Qd) 

(mm) 

1975-1994 478 135 260 102 

1995-2010 405 126 205 65 

Change -73 -9 -55 -37 

 (15.27%) (6.66%) (21.15%) (36.27%) 


