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Abstract
Environmental flow assessment is increasingly important for maintaining riverine 
ecosystems amid climate variability, reservoir regulation, and rising water demand. 
However, information on environmental flow requirements remains limited for 
regulated river basins in Central Asia, including the Chirchik River Basin in Uzbekistan. 
This study aims to estimate and compare environmental flow requirements at three 
hydrological stations—Chinaz, Ugam, and G’azalkent—using long-term monthly 
discharge data from 1971 to 2020. Seven hydrological methods were applied: 
Tennant, Tessman, average annual flow, flow duration curve, dynamic mean flow, 
median flow, and flushing-flow assessment. Trend analysis was conducted using the 
Mann–Kendall test to examine station-wise environmental flow gradients across the 
basin. The results showed substantial differences among the stations: mean annual 
flows were 80.4, 23.1, and 227.7 m3/s at Chinaz, Ugam, and G’azalkent, respectively. 
The Tessman method yielded seasonal environmental flow ranges of 30.4–63.3 m3/s, 
8.6–22.8 m3/s, and 91.1–147.1 m3/s, respectively. The findings indicate that fixed-
percentage methods underestimate seasonal ecological requirements, especially 
in reaches affected by snowmelt and flow regulation. Seasonal and station-
specific environmental flow rules are recommended to support sustainable basin 
management.
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1. Introduction
Freshwater ecosystems are increasingly altered by climate 
change, reservoir regulation, irrigation withdrawals, 
hydropower production, urban expansion, and land-use 
change.1 Because riverine ecological processes depend on 
the magnitude, timing, duration, frequency, and variability 
of flow, environmental flow assessment aims to identify 
the quantity and temporal distribution of water required 
to sustain ecosystem functions while supporting human 
water use.2,3 In snowmelt-dominated and semi-arid basins, 
ecological stress may arise from seasonal low flows, altered 
recession patterns, and the loss of high-flow pulses even 
when annual water availability appears adequate.4

Hydrological environmental flow methods remain 
widely used where hydraulic, habitat, biological, or 
ecohydrological data are limited.5 They estimate ecological-
flow requirements from observed discharge records using 
fixed percentages of mean flow, flow-duration percentiles, 
monthly medians, or seasonally adaptive rules. Although 
these methods cannot directly represent species-specific 
habitat suitability, they are useful for screening river 
reaches, comparing hydrological settings, and supporting 
preliminary water-allocation decisions in data-scarce 
basins.

Central Asian rivers are particularly relevant 
for environmental flow assessment because they 
simultaneously support irrigation, hydropower, urban 
water supply, riparian ecosystems, and transboundary 
water security. In Uzbekistan, runoff generated in 
mountain headwaters is strongly modified downstream 
by reservoirs and irrigation diversions. These controls can 
alter low-flow duration, seasonal hydrographs, sediment 
transport, ecological connectivity, and water quality.1,3,5

The Chirchik River Basin is a highly managed, 
mountain-fed system in which tributary, transitional, and 
regulated reaches experience contrasting hydrological 
conditions. Despite its importance, environmental flow 
research in the basin remains limited. Previous studies 
have focused mainly on water quality, dissolved loads, 
hydrological drought, climate-change impacts, and annual 
runoff trends,6-9 but have not translated long-term flow 
variability into comparative seasonal environmental flow 
thresholds for multiple monitoring locations.

This study addresses that applied knowledge gap by 
comparing seven established hydrological environmental 
flow approaches using a consistent 50-year monthly 
discharge record (1971–2020) at Chinaz, Ugam, and 
G’azalkent. The contribution is therefore not the 
development of a new environmental flow method, but 
a systematic comparison of fixed-percentage, low-flow, 

seasonal, median-flow, and flushing-flow indicators 
within a poorly studied regulated Central Asian basin. The 
analysis further uses normalized station-wise indicators to 
distinguish differences in absolute discharge magnitude 
from relative seasonal behavior.10

The comparative framework is intended to test whether 
a single basin-wide environmental flow threshold is 
defensible or whether station-specific and seasonally 
adaptive rules are more appropriate for the Chirchik River 
Basin. Accordingly, the analysis is interpreted as a station-
wise longitudinal comparison rather than as a continuous 
basin-wide spatial assessment. The study combines 
environmental flow estimation with Mann–Kendall trend 
analysis to place the derived thresholds in the context of 
long-term hydrological change.

Accordingly, this study aims to (i) estimate 
environmental flow requirements at Chinaz, Ugam, and 
G’azalkent using seven hydrological methods; (ii) compare 
seasonal and station-wise longitudinal differences in 
environmental flow requirements; and (iii) interpret 
environmental flow variability in relation to long-term 
hydrological change and methodological choice.

This comparative environmental flow assessment 
can support adaptive water allocation, ecological flow 
planning, and future ecohydrological monitoring in a 
regulated Central Asian river basin.

2. Materials and methods
2.1. Study area and hydrological stations

The study was conducted in the Chirchik River Basin, 
Uzbekistan, using long-term monthly discharge records 
from three hydrological monitoring stations: Chinaz, 
Ugam, and G’azalkent. In Figure 1, the stations denoted 
as S1, S2, and S3 correspond to Ugam, G’azalkent, and 
Chinaz, respectively. These stations represent distinct 
hydrological settings rather than equivalent gauges along a 
uniform river reach. Ugam represents a smaller snowmelt-
dominated tributary, G’azalkent represents a higher-flow 
regulated reach influenced by upstream infrastructure, 
and Chinaz represents a downstream transitional reach 
affected by water redistribution and abstraction.11

The mean annual discharges for the 1971–2020 study 
period were approximately 23.1 m3/s at Ugam, 227.7 m3/s 
at G’azalkent, and 80.4 m3/s at Chinaz. Thus, the mean 
discharge at Chinaz was approximately 65% lower than at 
G’azalkent. This substantial downstream decrease is mainly 
associated with differences in contributing drainage area, 
tributary inputs, river-network position, water abstraction 
and redistribution, irrigation withdrawals, and reservoir 
regulation. In particular, water diversion and redistribution 
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within the middle and lower Chirchik Basin reduce 
the amount of flow remaining downstream. Therefore, 
the large discharge difference between G’azalkent and 
Chinaz should not be interpreted as a natural downstream 
hydrological decrease alone, and the station comparison 
is not intended as a simple upstream–downstream water-
balance calculation.

The Chirchik River, a right-bank tributary of the Syr 
Darya within a transboundary river system, has a length 
of 303.77 km and a drainage area of 13,192 km2. The basin 
features steep, snow-fed headwaters that transition into 
intensively cultivated lowlands. As the river flows through 
the Tashkent region, a major industrial and agricultural 
hub, it receives untreated wastewater, agricultural runoff, 
and industrial effluents, increasing its vulnerability to 
contamination.12

2.2. Mann–Kendall trend analysis

The Mann–Kendall nonparametric trend test was applied 
to annual maximum, annual minimum, and annual mean 

flow series derived from archived monthly mean discharge 
records at each station. For each year, the annual maximum 
and minimum therefore refer to the highest and lowest 
of the 12 monthly mean discharges, not to instantaneous 
daily extremes. No natural-flow reconstruction was 
performed in this study; the analysis used the available 
monitored monthly series, which may include the effects of 
reservoir operation and water abstraction. Seasonal trend 
analysis was also performed using the monthly flow series. 
The Mann–Kendall test statistic (S) was calculated using 
Equation 1.

1

1 1
sgn( )n n

j ii j i
S x x−

= = +
= −∑ ∑  	 (1)

where the sign function, sgn(xj − xi), is defined in Equation 
2.

( )
1 if 

sgn 0 if 
1 if 

j i

j i j i

j i

x x
x x x x

x x

 >
− = =
− <

 	 (2)

The variance of the test statistic (S), adjusted for tied 

Figure 1. Chirchik River Basin showing (A) regional location, (B) basin topography and hydrological stations, (C) land use, and (D) soil type. In panel (B), 
S1, S2, and S3 denote the Ugam, G’azalkent, and Chinaz hydrological stations, respectively.
Abbreviations: AGRL: Agricultural land; BARR: Barren land; FRST: Forest land; PAST: Pasture; RNGE: Rangeland; URLD: Urban land; WATR: Water.
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observations in the dataset, was computed using Equation 
3.

( )
( )( ) ( )( )1

1 2 5 1 2 5
18

m
k k kk

n n n t t t
VAR S =

− + − − +
= ∑  	 (3)

where m is the number of tied groups, and tk is the number 
of observations in the kth tied group. The standardized 
Mann–Kendall test statistic Z was then calculated using 
Equation 4.
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Positive values of Z indicate an increasing trend, whereas 
negative values indicate a decreasing trend. Trends were 
considered statistically significant at p < 0.05, based on the 
adopted significance criterion.13,14 Sen’s slope estimator was 
used to quantify the magnitude of each trend. The slope 
(β) was calculated as the median of all pairwise slopes 
calculated between observations, as shown in Equation 5.

median for all j ix x
i j

j i
β

− 
= < − 

	 (5)

2.3. Environmental-flow assessment methods

Seven hydrological approaches were applied to estimate 
environmental flows, following the comparative framework 
used by Khan et al.15 for seasonal rivers. The methods were 
selected because they are well established in hydrological 
environmental flow studies and require relatively limited 
input data.

2.3.1. Tennant method

The Tennant method expresses environmental flow as a 
fraction of average annual flow (AAF) and provides a range 
of habitat-protection classes.16 Because species-specific 
spawning information for the Chirchik River was not 
available, no single Tennant class was treated as a definitive 
local ecological requirement. Instead, 10%, 20%, 30%, and 
60% of AAF were evaluated to span progressively higher 
protection levels and to support comparison with the other 
hydrological methods. Environmental flow was calculated 
using Equation 6.

TennantE p AAF= ×  	 (6)

where p is the selected Tennant fraction (0.10, 0.20, 0.30, 
or 0.60). These values were used here as comparative 
hydrological screening thresholds rather than species-
specific habitat prescriptions. AAF was calculated as the 

arithmetic mean of all monthly flows over the 50-year 
period.16,17

2.3.2. Tessman method

The Tessman method (ETessman) accounts explicitly 
for monthly flow variability, in contrast to fixed-
percentage annual approaches.18 Under this method, the 
environmental flow requirement is determined from the 
relationship between mean monthly flow (AMF) and AAF, 
as shown in Equation 7.

if 0.40
0.40 if 0.40
0.40 if 

Tessman

AMF AMF AAF
E AAF AAF AMF AAF

AMF AMF AAF

≤ ×
= × × < ≤
 × >

 	 (7)

This method was included because its monthly decision 
rules retain seasonal hydrological variability and are 
therefore well suited to evaluating the strongly seasonal 
flow regime of the Chirchik River.19,20

2.3.3. Average annual flow method

The AAF method estimates the environmental flow 
requirement as a fixed percentage of the long-term AAF, as 
expressed in Equation 8. In this study, the recommended 
range was taken as 10%–25% of AAF. It is a widely used 
hydrological approach in environmental flow studies.21,22

AAFEF p AAF= × 	 (8)

where the coefficient ranges from 0.10 to 0.25, representing 
minimum and moderate levels of environmental protection. 
This method is straightforward and useful as a preliminary 
estimate of minimum environmental flow, particularly in 
data-scarce regions where more sophisticated approaches 
are not feasible. However, because the AAF method uses 
a single annual mean value, it does not capture seasonal 
variation in flow or ecological requirements. This limitation 
is particularly important in snowmelt-fed and regulated 
river systems, where seasonal ecological needs may differ 
substantially from the annual average.

2.3.4. Flow duration curve method

Flow duration curves (FDCs) were constructed for each 
station by ranking monthly flows in descending order and 
calculating the corresponding exceedance probabilities,23 
as expressed mathematically in Equation 9.

100
1

mP
n

 = × + 
 	 (9)

where P is the exceedance probability, m is the rank 
of a flow value in descending order, and n is the total 
number of observations. The Q80, Q85, and Q90 discharges 
were extracted as low-flow indicators. Q80 represents the 
discharge that is equaled or exceeded 80% of the time, while 
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Q90 represents a more restrictive low-flow threshold. These 
flow-duration indices are useful for defining conservative 
ecological baseflow thresholds.

2.3.5. Dynamic mean flow method

The 30% QD method releases 30% of the daily mean flow, 
thereby preserving temporal variation in daily flow. Because 
daily data were unavailable, AAF was used as a proxy for 
the long-term mean flow, as expressed in Equation 10.

0.30DMFE AAF= × 	 (10)

Because only monthly data were available, the method 
was approximated using the long-term mean discharge. 
The resulting value is numerically equivalent to the 30% 
Tennant threshold when both methods use the same AAF 
value and was treated as a fixed ecological baseline in this 
study.

2.3.6. Median flow method

The median flow method assumes that the median monthly 
discharge can serve as an environmental flow threshold 
for aquatic habitat protection.15 For each calendar month 
at each station, the median environmental flow was 
calculated using Equation 11.

( ), 1, 2, ,median , , ,MFM m m m Y mEF Q Q Q= …  	 (11)

where EFMFM,m is the median-flow environmental 
requirement for calendar month m, and Qy,m represents the 
discharge in year y during month m. This method is less 
sensitive to extreme high-flow events than the monthly 
mean. However, in highly regulated rivers, the monthly 
median may already reflect anthropogenic alteration 
and therefore may not represent natural ecological 
requirements.

2.3.7. Flushing-flow assessment

A flushing-flow assessment was included to represent 
high-flow requirements for sediment transport, channel 
maintenance, and removal of accumulated organic matter 
and fine sediments. Following the recommendations of 
the Central Water Commission (CWC),24 flushing flows—
high-flow events required to transport sediment, prevent 
stagnation, and maintain channel morphology—were 
calculated using Equation 12.

756.0flushQ Q= ×  	 (12)

where Q75 is the 75% dependable annual flow. For 
rivers where 10-day Q99 flow is unavailable, the CWC 
recommendation, summarized by Jain and Kumar,24 allows 
the minimum flow to be approximated as 0.5% of Q75, 
while one flushing flow during the monsoon period should 
have a peak of not less than 600% of Q75. Accordingly, this 

study used 0.005 × Q75 for the CWC-type minimum-flow 
benchmark and 6.0 × Q75 for the flushing-flow benchmark. 
Because this guideline was developed for Indian rivers, these 
values are treated here only as comparative hydrological 
screening benchmarks, not as locally validated ecological-
flow requirements for the Chirchik River Basin.

2.4. Station-wise longitudinal comparison of 
environmental flow requirements

Environmental flow estimates were compared among 
Chinaz, Ugam, and G’azalkent as discrete monitoring 
locations. Station coordinates were linked to the river 
network and relevant basin layers (digital elevation model, 
basin boundary, reservoirs, irrigation canals, and land use) 
to provide hydrological context. Because only three stations 
were available, no continuous basin-wide environmental 
flow surface was inferred. Instead, maps and graphics 
were used only to locate the stations and support reach-
based comparison. Absolute environmental flow estimates 
were supplemented with normalized metrics, including 
environmental flow as a fraction of mean annual flow and 
the normalized seasonal range, to distinguish the effect of 
discharge magnitude from relative hydrological behavior.

3. Results
3.1. Long-term hydrological characteristics

The three stations showed marked differences in mean 
discharge and flow regime. Chinaz had an AAF of 80.4 
m3/s, indicating a reach with moderate discharge and 
pronounced seasonal redistribution. Ugam had the lowest 
AAF (23.1 m3/s), representing a smaller tributary system 
strongly influenced by snowmelt during spring and early 
summer. G’azalkent had the highest AAF (227.7 m3/s), 
reflecting a substantially larger flow regime that may 
also be more strongly regulated. The observed minimum 
and maximum monthly flows were 2.4 and 534.0 m3/s 
at Chinaz, 5.4 and 96.6 m3/s at Ugam, and 71 and 1,580 
m3/s at G’azalkent. Because the available metadata do not 
identify the cause of the isolated high value of 1,580 m3/s, 
it is reported without attributing it to a reservoir release, 
flood-routing event, or data-entry error. Figure 2 shows 
the mean monthly and annual variability and trends in 
streamflow across the three stations.

3.2. Mann–Kendall trend analysis results

Trend analyses were conducted for annual and monthly 
mean streamflow for the three stations (Chinaz, Ugam, 
and G’azalkent) using the Mann–Kendall test and Sen’s 
slope estimator. The results revealed a consistent pattern 
of declining river discharge across all stations, although 
marked intra-annual variability was observed. At the annual 
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scale, all three stations exhibited statistically significant 
decreasing trends (p < 0.01). The largest absolute decline 
was observed at G’azalkent, with a slope of −0.970 m3/s/
year (Z = −5.62), followed by Chinaz at −0.617 m3/s/year 
(Z = −5.65) and Ugam at −0.097 m3/s/year (Z = −3.95). 
These results indicate a sustained long-term reduction in 
mean annual flows at the three stations. Monthly trend 
analyses revealed that the annual declines were primarily 
associated with decreases in specific seasons, although 
monthly patterns differed markedly among stations (Table 
1). For Chinaz, significant negative trends (p < 0.05) were 
detected in nearly all months except March and June. The 
steepest declines occurred in July (−1.205 m3/s/year, p = 
0.0002) and May (−1.144 m3/s/year, p = 0.0272), whereas 
June had a nonsignificant positive slope (+0.217 m3/s/year, 
p = 0.7889). Ugam showed a more strongly seasonal trend 
pattern. Significant decreasing trends were concentrated 
in January, February, and July–December, with slopes 
ranging from −0.070 to −0.209 m3/s/year. However, the 
spring and early summer months (March through June) 
showed no statistically significant trends, with p-values 
exceeding 0.05, indicating insufficient evidence of a 
monotonic trend during this period. G’azalkent exhibited 
the strongest and most widespread monthly declines. 
Significant reductions were observed in January, February, 
March, August, October, November, and December, with 

the largest slope recorded in December (−1.326 m3/s/year). 
Conversely, no statistically significant trends were detected 
from April through July or in September, indicating that 
the annual decrease at this station was primarily associated 
with reductions in January–March, August, and October–
December. In summary, the annual trends confirm that 
G’azalkent had the largest absolute annual decline, while 
Chinaz exhibited significant negative trends during most 
months. The monthly results highlight distinct seasonal 
and station-specific responses, with G’azalkent showing 
the most persistent and intense declines throughout the 
year. Figure 3 shows the mean monthly streamflow trends 
at the Chinaz, Ugam, and G’azalkent stations.

3.3. Environmental flow

3.3.1. Tennant and dynamic mean flow estimates

The Tennant method yielded fixed environmental flow 
thresholds expressed as proportions of AAF. At Chinaz, 
the 10%, 20%, 30%, and 60% Tennant thresholds were 
8.04, 16.07, 24.11, and 48.22 m3/s, respectively. At Ugam, 
these values were 2.31, 4.62, 6.94, and 13.86 m3/s. At 
G’azalkent, the corresponding values were 22.76, 45.53, 
68.29, and 136.59 m3/s. Under the dynamic mean flow 
(DMF) method, environmental flow was calculated as 
30% of AAF, yielding values identical to the 30% Tennant 

Figure 2. Mean monthly and annual (A–C) streamflow variability and (D–F) trends at the three stations: (A, D) Chinaz; (B, E) Ugam; (C, F) G’azalkent.
Abbreviation: IQR: Interquartile range.
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thresholds: 24.11 m3/s at Chinaz, 6.94 m3/s at Ugam, and 
68.29 m3/s at G’azalkent. Figure 4 presents a station-based 
comparison of environmental flow estimates obtained 
using the Tennant method and the approximated DMF 
method. Because the approximated DMF was calculated 
as 30% of AAF, its values coincide with the 30% Tennant 
thresholds.

Table 1. Monthly discharge trend slopes for the three stations

Month Chinaz slope 
(m3/s/year) 

Ugam slope 
(m3/s/year) 

G’azalkent slope 
(m3/s/year) 

Jan −0.930* −0.156* −1.147*

Feb −0.683* −0.115* −1.037*

Mar −0.401 −0.113 −1.091*

Apr −0.841* −0.087 −0.397

May −1.144* −0.080 −1.169

Jun 0.217 0.182 −0.598

Jul −1.205* −0.209* −1.039

Aug −0.483* −0.166* −0.985*

Sep −0.541* −0.119* −0.567

Oct −0.527* −0.070* −1.140*

Nov −0.516* −0.124* −1.020*

Dec −0.573* −0.112* −1.326*

Note: *p < 0.05.

3.3.2. Average annual flow method

The AAF method produced fixed annual-percentage 
thresholds that were consistently lower than the 
corresponding seasonal estimates from the Tessman and 

median-flow approaches (Table 2). This contrast is most 
relevant during spring and early summer, when seasonal 
flow requirements can exceed fixed annual-percentage 
benchmarks.

Table 2. Environmental flow estimates derived using the 
average annual flow (AAF) method

Station 10% AAF (m3/s) 25% AAF (m3/s)

Chinaz 8.04 20.09

Ugam 2.31 5.78

G’azalkent 22.76 56.91

3.3.3. Flow duration curve estimates

The FDC method yielded low-flow thresholds 
corresponding to Q80, Q85, and Q90. At Chinaz, Q80, Q85, 
and Q90 were 30.40, 26.02, and 21.20 m3/s, respectively. At 
Ugam, these values were 8.28, 7.91, and 7.50 m3/s, indicating 
a relatively narrow range among the low-flow thresholds. 
At G’azalkent, Q80, Q85, and Q90 were 158.00, 137.30, and 
117.00 m3/s, respectively, indicating substantially higher 
low-flow thresholds than those at the other stations. Table 
3 summarizes the environmental flow estimates obtained 
using the FDC method.

Table 3. Environmental flow estimates derived using the flow 
duration curve method

Station Q80 (m3/s) Q85 (m3/s) Q90 (m3/s)

Chinaz 30.4 26.0 21.2

Ugam 8.3 7.9 7.5

G’azalkent 158.0 137.3 117.0

Figure 3. Mean monthly streamflow trends at the (A) Chinaz, (B) Ugam, and (C) G’azalkent stations
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3.3.4. Tessman seasonal environmental flow 
estimates

The Tessman method indicated marked station-wise 
differences in seasonal environmental flow requirements. 
G’azalkent had the highest mean environmental flow 
(103.52 m3/s), followed by Chinaz (37.36 m3/s) and Ugam 
(12.28 m3/s). The absolute seasonal range was also largest 
at G’azalkent (56.00 m3/s), compared with 32.92 m3/s at 
Chinaz and 14.23 m3/s at Ugam. These absolute values 
largely reflect differences in discharge magnitude among 
stations; therefore, they should be interpreted together 
with the normalized indicators presented in Section 
3.4. Figure 5 presents the monthly environmental flow 
estimates derived using the Tessman method.

3.3.5. Median flow method estimates

The median flow method yielded higher monthly 
environmental flow estimates than the AAF method and 
the lower-percentage Tennant thresholds. At Chinaz, 
monthly median flow ranged from 26.00 m3/s in August 
to 124.00 m3/s in June. At Ugam, it ranged from 7.98 m3/s 
in January to 56.45 m3/s in May. At G’azalkent, it ranged 

from 170.00 m3/s in October and November to 342.00 
m3/s in July. The median-flow method therefore preserved 
substantially more intra-annual variability than fixed 
annual-percentage approaches. The resulting monthly 
estimates are presented in Figure 6.

3.3.6. Flushing-flow assessment

The Q75 was 45.33 m3/s at Chinaz, 18.49 m3/s at Ugam, and 
201.83 m3/s at G’azalkent. Applying the corrected CWC-
type minimum-flow coefficient of 0.5% of Q75 yielded 
0.23 m3/s at Chinaz, 0.09 m3/s at Ugam, and 1.01 m3/s at 
G’azalkent. The corresponding flushing-flow benchmarks 
(600% of Q75) were 271.96, 110.97, and 1,211.00 m3/s, 
respectively. These CWC-derived values are presented as 
comparative hydrological benchmarks rather than locally 
validated ecological requirements (Table 4).

3.4. Station-wise longitudinal variability in 
environmental flow estimates

Absolute environmental flow estimates differed 
substantially among the three stations. Mean Tessman 
environmental flow increased from 12.28 m3/s at Ugam 
to 37.36 m3/s at Chinaz and 103.52 m3/s at G’azalkent, 

Figure 4. Station-based comparison of environmental flow estimates derived from the Tennant and approximated dynamic mean flow (DMF) methods. 
Values are shown only at the three monitored stations; no spatial interpolation is applied.
Abbreviation: AAF: Average annual flow.
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Figure 5. Tessman monthly environmental flow (E-flow) estimates at the Chinaz, Ugam, and G’azalkent stations in the Chirchik River Basin

Figure 6. Monthly environmental flow (E-flow) estimates derived using the median flow method at the Chinaz, Ugam, and G’azalkent stations in the 
Chirchik River Basin

broadly following the corresponding differences in mean 
annual flow (23.1, 80.4, and 227.7 m3/s, respectively). 
Similar station-wise ordering was observed for the FDC 
Q90 thresholds (7.50, 21.20, and 117.00 m3/s) and flushing-

flow estimates (111, 272, and 1,211 m3/s). These absolute 
differences are strongly affected by station-specific 
discharge magnitude and should not be interpreted as an 
independently derived continuous spatial pattern.
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Table 4. Central Water Commission–type minimum flow and 
flushing-flow estimates

Station Q75 dependable 
flow (m3/s)

Minimum flow, 
0.5% of Q75 

(m3/s)

Flushing flow, 
600% of Q75 

(m3/s)

Chinaz 45.3 0.23 272

Ugam 18.5 0.09 111

G’azalkent 201.8 1.01 1,211

Normalization revealed additional information that 
was not evident from the absolute values alone. Expressed 
as a fraction of mean annual flow, the mean Tessman 
requirement was approximately 53% at Ugam, 46% at 
Chinaz, and 45% at G’azalkent. By contrast, Q90 represented 
approximately 32% of AAF at Ugam, 26% at Chinaz, and 
51% at G’azalkent, showing no monotonic longitudinal 
pattern. Normalization also changed the ranking of 
seasonal variability: although the absolute Tessman max–
min range was largest at G’azalkent (56.00 m3/s), the range 
relative to the mean Tessman environmental flow was 
smallest there (0.54 m3/s) and largest at Ugam (1.16 m3/s). 
Thus, the normalized analysis separates differences in 
hydrological behavior from simple differences in river size.

The combination of a relatively high normalized Q90 
and a low normalized seasonal range at G’azalkent is 
consistent with a more buffered flow regime, although 
the available hydrological data alone cannot attribute 
this pattern uniquely to reservoir regulation. At Ugam, 
the larger normalized seasonal range and low absolute 
baseflow thresholds emphasize the importance of 
preserving seasonal snowmelt variability. Chinaz occupies 
an intermediate hydrological position. These contrasts 
are therefore interpreted as station-specific hydrological 
signatures rather than evidence of a continuous basin-wide 
environmental flow surface.

The station-wise comparison indicates that a single 
basin-wide threshold is unlikely to represent all three 
hydrological settings. Reach-specific criteria may therefore 
be more appropriate: seasonal baseflow and snowmelt-
pulse protection at Ugam, low-flow safeguards at Chinaz, 
and attention to both seasonal variability and high-flow 
channel-maintenance processes at G’azalkent. Because 
only three monitoring stations were available, these 
findings should be interpreted as a longitudinal station 
comparison rather than a continuous spatial assessment of 
the entire basin.

4. Discussion
The results demonstrate that environmental flow 

estimates in the Chirchik River Basin depend not only 
on station discharge magnitude but also on the method 
used to represent ecological flow needs. This distinction 
is important because fixed annual percentages, low-flow 
exceedance indices, monthly medians, and seasonally 
adaptive rules describe different components of the flow 
regime. At Chinaz, the FDC thresholds of 21.20–30.40 
m3/s identify a practical low-flow range, whereas the 
Tessman results indicate that higher seasonal allocations 
may be required during snowmelt-influenced months.25 
Therefore, a single minimum discharge would protect only 
one component of the hydrological regime and could miss 
ecologically relevant seasonal variation.

Ugam provides the clearest example of the limitation 
of fixed annual-percentage methods. The AAF method 
produced estimates of only 2.31–5.78 m3/s, whereas the 
Tessman method yielded seasonally varying requirements 
of 8.55–22.78 m3/s. The difference is greatest during the 
spring–early summer snowmelt period, when maintaining 
part of the seasonal pulse may be important for channel 
connectivity, sediment transport, and aquatic habitat. 
The FDC Q90 value of 7.50 m3/s may therefore serve 
as a conservative low-flow screening threshold, but it 
should not be interpreted as a substitute for a seasonal 
environmental flow regime.

G’azalkent had the highest absolute environmental 
flow estimates, but high absolute flow does not necessarily 
indicate better ecological condition. Regulation can 
maintain relatively high baseflows while damping seasonal 
variability and altering the frequency of geomorphically 
important high-flow events. The normalized results 
support this distinction: G’azalkent had a smaller relative 
seasonal range than Ugam even though its absolute flows 
were much larger. The estimated flushing-flow requirement 
therefore highlights a different management question from 
minimum-flow protection—whether sufficiently large 
events occur often enough to support sediment transport 
and channel maintenance. The unusually high November 
discharge of 1,580 m3/s should nevertheless be verified 
before being used in further ecological interpretation.

The methodological comparison also clarifies the 
practical role of each approach. Tennant, AAF, and 
the approximated DMF provide transparent screening 
thresholds but, because they are based on annual mean 
flow in this study, they do not preserve intra-annual 
variability. FDC indices are useful for low-flow protection 
and drought-period screening. Monthly median flow 
preserves seasonality but may reproduce an already altered, 
regulated flow regime. Among the evaluated approaches, 
Tessman offers a practical compromise because it responds 
to monthly hydrology while remaining simple enough 
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for preliminary operational planning. This conclusion 
is comparative rather than universal and should be 
validated with ecological and hydraulic information before 
implementation.

From a management perspective, the results favor 
station-specific and seasonally adaptive rules rather 
than a uniform basin-wide minimum. Ugam requires 
particular attention to seasonal baseflow and snowmelt-
pulse protection; Chinaz requires low-flow safeguards 
around the FDC-derived range; and G’azalkent requires 
consideration of both seasonal variability and periodic 
high-flow processes. These hydrological recommendations 
should be integrated with water-quality observations 
because ecological risk may intensify during low-flow 
periods when dilution capacity is reduced.26,27

This study has several limitations. First, it uses 
monthly mean discharge rather than daily or sub-daily 
data, preventing analysis of short-duration low-flow 
events, rapid hydrograph changes, and the frequency 
and duration of individual high-flow pulses. Second, 
the estimates are hydrological screening values because 
biological, fish, macroinvertebrate, hydraulic, habitat-
suitability, and detailed water-quality data were not 
available for calibration or validation. Third, only three 
monitoring stations were analyzed; consequently, the study 
cannot resolve continuous basin-wide spatial variability 
or quantitatively separate the effects of contributing area, 
tributary inflow, abstraction, and reservoir operation. 
Fourth, the approximated DMF method is numerically 
equivalent to the 30% Tennant threshold because daily 
data were unavailable, so it should not be interpreted as an 
independent line of evidence. Fifth, the CWC minimum- 
and flushing-flow criteria were developed for Indian rivers 
and are used here only as comparative benchmarks; they 
have not been ecologically validated for the Chirchik River 
Basin. Finally, station records may reflect anthropogenic 
alteration, meaning median- and flow-duration-based 
thresholds do not necessarily represent natural ecological 
requirements. Future work should integrate daily discharge, 
additional gauging stations, hydraulic-habitat modeling, 
ecological field observations, water quality, and reservoir-
operation data to develop and validate an operational 
environmental flow regime for the Chirchik River Basin.

5. Conclusion
This study quantified environmental flow requirements at 
Chinaz, Ugam, and G’azalkent using seven hydrological 
approaches and a consistent 50-year monthly discharge 
record. The results show that environmental flow 
estimates are strongly station- and method-dependent. 
Fixed annual methods such as Tennant, AAF, and 

the approximated DMF are useful for preliminary 
screening but may underrepresent seasonal hydrological 
requirements in a snowmelt-affected and regulated basin. 
FDC thresholds provide practical low-flow indicators, 
whereas Tessman and monthly median-flow approaches 
retain more seasonal information. Among the methods 
evaluated, Tessman provides a useful hydrological 
screening compromise because it responds to monthly 
flow variability while remaining operationally simple. 
However, the derived values should not be treated as final 
ecological prescriptions without biological and hydraulic 
validation. The Chirchik River Basin should therefore be 
managed using station-specific and seasonally adaptive 
environmental flow criteria rather than a single basin-wide 
value, with future work focusing on daily flow dynamics, 
ecological validation, and additional monitoring locations.

Acknowledgments 
The authors gratefully acknowledge the support provided 
by the Hydrometeorological Research Institute of 
Uzbekistan.

Funding
None.

Conflict of interest 
The authors declare no conflict of interest.

Author contributions
Conceptualization: Nodir Abdushakhidov, Zhenhong 

Wang, Madhab Rijal
Data curation: Maksud Abbaskhanov, Tamara Akhmedova
Formal analysis: Nodir Abdushakhidov, Zhenhong Wang, 

Maksud Abbaskhanov
Investigation: Nodir Abdushakhidov, Zhenhong Wang, 

Tamara Akhmedova
Methodology: Nodir Abdushakhidov, Zhenhong Wang, 

Bakhodirjon Usmonov 
Resources: Ilkhom Ruziyev, Adil Muzaffarov, Bakhodirjon 

Usmonov 
Software: Madhab Rijal, Adil Muzaffarov
Supervision: Zhenhong Wang
Validation: Madhab Rijal, Maksud Abbaskhanov
Writing–original draft: Nodir Abdushakhidov, Zhenhong 

Wang, Madhab Rijal
Writing–review & editing: Maksud Abbaskhanov, Tamara 

Akhmedova, Ilkhom Ruziyev, Bakhodirjon Usmonov 

Ethics approval and consent to participate
Not applicable. 

https://doi.org/10.36922/AJWEP026320218


Asian Journal of Water,Asian Journal of Water,
Environment and PollutionEnvironment and Pollution Environmental flow assessment in the Chirchik River

Volume X Issue X (2026)	 12� doi: 10.36922/AJWEP026320218

Consent for publication
Not applicable.

Availability of data
The datasets generated and/or analyzed during the current 
study are available from the corresponding author upon 
reasonable request.

References
1.	 Bănăduc D, Curtean-Bănăduc A, Barinova S, et al. Multi-

interacting natural and anthropogenic stressors on 
freshwater ecosystems: their current status and future 
prospects for 21st century. Water. 2024;16(11):1483. 

	 doi: 10.3390/w16111483

2.	 Gebreegziabher GA, Degefa S, Furi W, Legesse G. Evolution 
and concept of environmental flows (e-flows): meta-analysis. 
Water Supply. 2023;23(6):2466-2490. 

	 doi: 10.2166/ws.2023.120

3.	 Sánchez-Montoya MM, Datry T, Ruhi A, Carlson SM, Corti 
R, Tockner K. Intermittent rivers and ephemeral streams 
are pivotal corridors for aquatic and terrestrial animals. 
BioScience. 2023;73(4):291-301. 

	 doi: 10.1093/biosci/biad004

4.	 Qiu J, Yuan S, Tang H, Xu L, Deng Y, Gualtieri C. Extreme 
drought triggers river–lake ecosystem destabilization: fish 
community collapse driven by hydro-ecological rhythm 
mismatch. Hydrol Process. 2026;40(6):e70571. 

	 doi: 10.1002/hyp.70571

5.	 Gorji ST, Moridi A. An eco-hydrological approach for 
determining environmental flow in anthropogenic 
rivers of arid and semi-arid regions. J Hydrol Reg Stud. 
2025;62:102881. 

	 doi: 10.1016/j.ejrh.2025.102881

6.	 Fornasaro S, Ghezzi L, Shukurov N, Petrov M, Petrini 
R. Water quality and dissolved load in the Chirchik and 
Akhangaran river basins (Uzbekistan, Central Asia). Environ 
Monit Assess. 2024;196(9):854. 

	 doi: 10.1007/s10661-024-13014-1

7.	 Nasedjanov M, Watanabe H, Watanabe I, Kawabata Y, 
Thuyet DQ. Water quality monitoring of the Chirchik River 
basin, Uzbekistan. J Arid Land Stud. 2012;22:195-198.

8.	 Pachore A, Agrawal N, Omonov N, et al. Evaluation of 
the impact of anthropogenic storage on the hydrological 
drought propagation in two contrasting semi-arid river 
basins. J Water Clim Change. 2024;15(7):3276-3292. 

	 doi: 10.2166/wcc.2024.105

9.	 Uzbekov U, Pulatov B, Alikhanov B, Pulatov A. Predicting 
the impact of future climate change on streamflow in the 

Ugam River watershed. GeoScape. 2021;15(2):159-172. 

	 doi: 10.2478/geosc-2021-0013

10.	 Gafforov KS, Bao A, Rakhimov S, et al. The assessment 
of climate change on rainfall-runoff erosivity in the 
Chirchik–Akhangaran Basin, Uzbekistan. Sustainability. 
2020;12(8):3369. 

	 doi: 10.3390/su12083369

11.	 Abdushakhidov N, Turaev H, Bakhronova D, et al. Integrated 
trend and risk assessment of hydrochemical dynamics and 
discharge–pollution interactions in the Chirchik River 
Basin (1991–2021). Environ Monit Assess. 2026;198(8):847. 

	 doi: 10.1007/s10661-026-15689-0

12.	 Kalmakhanova MS, Diaz de Tuesta JL, Malakar A, Gomes 
HT, Snow DD. Wastewater treatment in Central Asia: 
treatment alternatives for safe water reuse. Sustainability. 
2023;15(20):14949. 

	 doi: 10.3390/su152014949

13.	 Kendall MG. Rank Correlation Methods. 4th ed. London, 
UK: Charles Griffin; 1975.

14.	 Mann HB. Nonparametric tests against trend. Econometrica. 
1945;13:245-259. 

	 doi: 10.2307/1907187

15.	 Khan I, Zakwan M, Pulikkal AK, Lalthazula R. 
Environmental flow assessment for the Musi River, India. 
Environ Dev Sustain. 2025;27(12):30609-30623. 

	 doi: 10.1007/s10668-024-04927-5

16.	 Tennant DL. Instream flow regimens for fish, wildlife, 
recreation and related environmental resources. Fisheries. 
1976;1(4):6-10. 

	 doi: 10.1577/1548-8446(1976)001<0006:IFRFFW>2.0.CO;2

17.	 Suwal N, Kuriqi A, Huang X, Delgado J, Młyński D, Wałęga 
A. Environmental flows assessment in Nepal: the case of the 
Kaligandaki River. Sustainability. 2020;12(21):8766. 

	 doi: 10.3390/su12218766

18.	 Tessman SA. Environmental Assessment: Technical 
Appendix E. In: Environmental Use Sector: Reconnaissance 
Elements of the Western Dakotas Region of South Dakota 
Study. Brookings, SD: Water Resources Research Institute, 
South Dakota State University; 1980.

19.	 Karakoyun Y, Dönmez AH, Yumurtacı Z. Comparison of 
environmental flow assessment methods with a case study 
on a runoff river-type hydropower plant using hydrological 
methods. Environ Monit Assess. 2018;190(12):722. 

	 doi: 10.1007/s10661-018-7107-3

20.	 Pastor AV, Ludwig F, Biemans H, Hoff H, Kabat P. 
Accounting for environmental flow requirements in global 
water assessments. Hydrol Earth Syst Sci. 2014;18(12):5041-
5059. 

https://doi.org/10.36922/AJWEP026320218
https://doi.org/10.3390/w16111483
https://doi.org/10.3390/w16111483
https://doi.org/10.2166/ws.2023.120
https://doi.org/10.2166/ws.2023.120
https://doi.org/10.1093/biosci/biad004
https://doi.org/10.1093/biosci/biad004
https://doi.org/10.1002/hyp.70571
https://doi.org/10.1002/hyp.70571
https://doi.org/10.1016/j.ejrh.2025.102881
https://doi.org/10.1016/j.ejrh.2025.102881
https://doi.org/10.1007/s10661-024-13014-1
https://doi.org/10.1007/s10661-024-13014-1
https://doi.org/10.2166/wcc.2024.105
https://doi.org/10.2166/wcc.2024.105
https://doi.org/10.2478/geosc-2021-0013
https://doi.org/10.2478/geosc-2021-0013
https://doi.org/10.3390/su12083369
https://doi.org/10.3390/su12083369
https://doi.org/10.1007/s10661-026-15689-0
https://doi.org/10.1007/s10661-026-15689-0
https://doi.org/10.3390/su152014949
https://doi.org/10.3390/su152014949
https://doi.org/10.2307/1907187
https://doi.org/10.2307/1907187
https://doi.org/10.1007/s10668-024-04927-5
https://doi.org/10.1007/s10668-024-04927-5
https://doi.org/10.1577/1548-8446(1976)001
https://doi.org/10.1577/1548-8446(1976)001
https://doi.org/10.3390/su12218766
https://doi.org/10.3390/su12218766
https://doi.org/10.1007/s10661-018-7107-3
https://doi.org/10.1007/s10661-018-7107-3
https://doi.org/10.5194/hess-18-5041-2014


Asian Journal of Water,Asian Journal of Water,
Environment and PollutionEnvironment and Pollution Environmental flow assessment in the Chirchik River

Volume X Issue X (2026)	 13� doi: 10.36922/AJWEP026320218

	 doi: 10.5194/hess-18-5041-2014

21.	 Zhang XR, Zhang DR, Ding Y. An environmental flow 
method applied in small- and medium-sized mountainous 
rivers. Water Sci Eng. 2021;14(4):323-329. 

	 doi: 10.1016/j.wse.2021.10.003

22.	 Karimi S, Salarijazi M, Ghorbani K, Heydari M. Comparative 
assessment of environmental flow using hydrological 
methods of low-flow indexes, Smakhtin, Tennant, and flow-
duration curve. Acta Geophys. 2021;69(1):285-293. 

	 doi: 10.1007/s11600-021-00539-z

23.	 Guo X, Xu L, Su L, et al. Comparing flow duration curves 
and discharge hydrographs to assess eco-flows. Water Resour 
Manage. 2021;35(14):4681-4693. 

	 doi: 10.1007/s11269-021-02890-8

24.	 Jain SK, Kumar P. Environmental flows in India: towards 
sustainable water management. Hydrol Sci J. 2014;59(3-

4):751-769. 

	 doi: 10.1080/02626667.2014.896996

25.	 Tharme RE. A global perspective on environmental flow 
assessment: emerging trends in the development and 
application of environmental flow methodologies for rivers. 
River Res Appl. 2003;19(5-6):397-441. 

	 doi: 10.1002/rra.736

26.	 Nile BK, Al-Saadi RJM, Abdulameer L, Al Maimuri NML, 
Al-Dujaili AN. Climate change impacts on river hydraulics: 
a global synthesis of hydrological shifts, ecological 
consequences, and adaptive strategies. Water Conserv Sci 
Eng. 2025;10(2):48. 

	 doi: 10.1007/s41101-025-00375-y

27.	 Wolfand JM, Taniguchi-Quan KT, Abdi R, et al. Balancing 
water reuse and ecological support goals in an effluent 
dominated river. J Hydrol X. 2022;15:100124. 

	 doi: 10.1016/j.hydroa.2022.100124

https://doi.org/10.36922/AJWEP026320218
https://doi.org/10.5194/hess-18-5041-2014
https://doi.org/10.1016/j.wse.2021.10.003
https://doi.org/10.1016/j.wse.2021.10.003
https://doi.org/10.1007/s11600-021-00539-z
https://doi.org/10.1007/s11600-021-00539-z
https://doi.org/10.1007/s11269-021-02890-8
https://doi.org/10.1007/s11269-021-02890-8
https://doi.org/10.1080/02626667.2014.896996
https://doi.org/10.1080/02626667.2014.896996
https://doi.org/10.1002/rra.736
https://doi.org/10.1002/rra.736
https://doi.org/10.1007/s41101-025-00375-y
https://doi.org/10.1007/s41101-025-00375-y
https://doi.org/10.1016/j.hydroa.2022.100124
https://doi.org/10.1016/j.hydroa.2022.100124

