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Extended abstract

Introduction

Changes in river discharge fluctuations, whether increases or decreases, can lead to irreversible damage to
both human and natural environments. It is now well established that variations in the phases of
teleconnection patterns can cause significant increases or decreases in river discharge across different
regions of the world, depending on their influence on precipitation cycles, evapotranspiration, and drought
occurrence.

Materials and methods

For this study, data on 28 major teleconnection indices affecting Iran’s climate were obtained from the
NOAA website. In addition, river discharge records from selected hydrometric stations located upstream
of the dams on the Karun River (Telezang, Lordegan, Armand, Pataveh, and Kata stations) were collected
from the Ministry of Energy for a 30-year period (1993-2022). Following a preliminary assessment of the
discharge data, missing values were reconstructed using the multiple regression method to ensure data
consistency and reliability. This method was chosen for its ability to preserve the general trend of the dataset
while minimizing disturbance to the data. To analyze the trends and magnitude of seasonal and annual
discharge variations, the non-parametric Mann—Kendall test and Theil-Sen slope estimator were applied.
Furthermore, the relationship between teleconnection indices and river discharge was examined using the
Pearson correlation coefficient across three temporal scales: monthly, seasonal, and annual. These
correlations were assessed both simultaneously and with time lags of one to three months. Given the large
number of indices, only those with statistically significant correlations with discharge were included in the
final analyses.

Results and discussion

The results indicated that, overall, the mean discharge exhibited a continuous decreasing trend during the
study period. Specifically, the mean discharge in all seasons showed a declining pattern, and at the annual
scale, a significant decrease of 11.3 m3/s per year was observed, accompanied by a negative Mann-Kendall
statistic (Z =—4.1) .The correlations between teleconnection patterns and discharge in the study basin were
further explored. The findings revealed that, at different temporal scales (monthly, seasonal, and annual),
several teleconnection indices—including GLBTS, WHWP, SOI, Solar Flux, TSA, TNA, NINO4, AMO,
AMM, MEI v2, PDO, NINO1+2, AAO, Warm Pool, PNA, EPO, WP, TNH, NCP, RMM1, and RMM2-
exhibited statistically significant correlations (at the 0.05 and 0.01 confidence levels) with the discharge of
the Karun River headwaters, either simultaneously or with lags of one to three months.

Conclusions

Overall, the mean discharge recorded at the selected upstream stations of the Karun River dams
demonstrated a decreasing trend. Moreover, the study confirmed the existence of significant simultaneous
and lagged correlations between the fluctuations of several teleconnection indices and river discharge.
Consequently, it can be concluded that the identified teleconnection patterns exert considerable influence
on discharge variations in the basin. Given the predictability of these teleconnection indices and their
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significant correlations with discharge, future fluctuations of the Karun River discharge can potentially be
forecasted at monthly, seasonal, and annual scales based on the findings of this research.
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Table 1. General characteristics of studied hydrometric

stations
Station Code Latitude Longitude
Tale Zang 21-295 32°49'18" 48°46'03"
Lordegan 21-235 31°30'34" 50°49'28"
Ormand 21-231 31°40'14" 50°46'14"
Pataveh 21-215 30°57'21" 51°15'19"
Kata 21-223 31°19'11" 51°15'32"
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Table 2. Studied Teleconnection Indices in this Research during the 30-Year Period (1993-2022) (Omidvar, 2020)

Abbreviation Teleconnection Index

Abbreviation

Teleconnection Index

NOA North Atlantic Oscillation
EA East Atlantic Pattern
WP Western Pacific Pattern
WHWP Western Hemisphere Warm Pool
PNA Pacific—North American Pattern
SCA Scandinavia—Caspian Sea Pattern
TNH Tropical-Northern Oscillation
AAO Antarctic Annular Mode
WARMPOOL Tropical Warm Pool Pattern
SOLAR_FLUX Solar Radiative Flux
GMSST Global Mean Sea Surface
AMO Atlantic Oscillation
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TSA Tropical South Atlantic Index
TNA Tropical North Atlantic Index
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Fig. 3. Monthly percentage of discharge for the Karun River's main tributaries (Telezang, Lordegan, Armand, Pataveh, and Kata)
during the 1993-2022 time series
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Table 3. Trend analysis results of headwater discharge of Karun River in different season using Mann-Kendall and Sen's slope
estimator methods during the time series (1993-2022)

Time series TestZ Sig. Q B
Winter -3.53 * -15.5 514
Spring -3.9 * -22.9 957
Summer -3.71 * -3.8 183
Fall -3.7 * -2.9 192
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Fig. 4. Fitting of discharge-age trend lines for the headwater tributaries of the Karun River over the time series (1993-2022) in
winter, spring, summer, and autumn (from top to bottom, respectively)
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Table 4. Results of the annual trend of Karun River tributary discharge using the Mann-Kendall and Theil-Sen methods during the
period (1993-2022)

Time series

TestZ Signific. Q B

Annual Variations in River Discharge

-4.1 * -11.3 534
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Fig. 5. Trend line fitting of the annual discharge of Karun River tributaries during the 1993-2022 time series
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Table 5. Correlation between teleconnection indices and headwater discharge of Karun River in January, February, and March
during the time series (1993-2022) simultaneously and with a lag of 1 to 3 months.

With a With a With a With a Witha  Witha With a With a With a
3- 2- 1- Mar 3- 2- 1- Feb 3- 2- 1- Jan Telecon
month month month month month month month month month nection
delay delay delay delay delay delay delay delay delay
0.07 0.17 0.24 -0.2 -0.04 0.27 0.18 0.22 37 0.16 0.34 0.10 EA
0.09 -0.2 0.18 0.31 -0.3 0.32 -0.2 0.17 -.40" -0. .39 -0.3 PNA
-56™ -0.34 -0.10 -0.1 -50™ -46%* -39" -0.26 -67" -50™ -45" 44" WARM
-.38" -0.3 -0.20 3'9* - 477 -0.30 -0.36 -0.2 -.38" -.46" -42" -0.3  GMSST
-0.10 -0.10 -0.05 0.07 -0.02 -0.13 -0.1 -0.09 =37 -0.2 -0.3 -0.1 AMO
-0.12 -0.30 -55™ -0. -0.12 -0.2 -0.1 -0.27 -0.35 -0.34 -.39" -0.3 SOl
-0.03 0.19 0.25 0.30 -0.09 -0.12 0.01 376" .39 0.35 0.31 0.35 EPO
-0.21 -0.3 0.14 0.1 -0.2 -37* -0.34 -0.01 -0.06 -0.11 -.40" 54 RMM2
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*
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-0.12 0.33 0.35 .36* 0.07 0.06 0.15 0.16 0.25 0.25 0.23 0.22 ONI
*
001 41+ 45 T" 020 013 028 020 39 035 031 035 MEVE2
* Significant at the 0.05 level, and ** significant at the 0.01 level
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Table 6. Correlation between teleconnection indices and headwater discharge of Karun River in April, May, and June during the

time series (1993-2022) simultaneously and with a lag of 1 to 3 months

Witha Witha Witha Witha Witha Witha Witha Witha Witha
3- 2- L Jun 3- 2- L- May 3- 2- L- Apr  Teleconnection

month  month  month month  month  month month  month  month

delay delay delay delay delay delay delay delay delay

-0.10 0.04 -0.1 .39* 0.32 -0.12 0.14 0.01 0.09 0.26 -0.20 0.17 EA

0.09 45" 0.36 0.11 0.15 -0.02 432" 0.17 -0.08 0.06 -0.07 0.35 PNA
- 74%* 0.10 .38* 0.1 0.10 -.54** 0.11 0.2 0.08 0.10 -0.15 0.1 NCP
0.21 -0.02 0.18 0.28 -0.22 0.17 0.03 0.18 -0.10 -.36" -0.03 0.08 TNH
-.44* -44" -46%  -39* -42" -.37* -0.34  -42*  -0.35 -0.18 -0.20 -0.18 WARMPOOL
-5 -B2T -BIM o, 032 W53 -48T . 034 016 -43"  -30* GOLBAL
-0.21 -.45" -0.35 -0.1 -0.13 -0.2 -44" -0.3 -0.31 -0.21 -0.30  -.38* SOl

0.21 0.26 .39* AT 0.13 0.16 0.22 0.33 0.21 0.27 0.30 0.28 PDO
0.24 0.32 .38* 0.33 0.18 0.22 0.29 0.35 0.25 0.25 0.27 0.30 ONI

0.19 0.28 .36* 0.25 0.19 0.17 0.24 0.32 0.25 0.26 0.21 0.22 NINO3.4
0.15 0.10 0.10 0.11 0.23 0.13 0.14 0.21 0.36 .366" 0.28 0.15 NONO1
0.27 0.34 43* 42* 0.28 0.25 0.31 0.35 .365" 0.34 0.34 371* MEVE2
0.16 0.09 0.32 0.15 459" 0.15 0.13 374* 0.20 0.31 0.35 -0.01 EPO
0.30 0.36 45* 0.20 0.27 0.35 0.27 434* 0.16 0.31 0.26 0.29 RMM1

* Significant at the 0.05 level, and ** significant at the 0.01 level
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Table 7. Correlation between teleconnection indices and headwater discharge of Karun River in July, August, and September during
the time series (1993-2022) simultaneously and with a lag of 1 to 3 months

Witha Witha Witha Witha Witha Witha Witha Witha Witha
3- 2- 1- Se| 3- 2- 1- Au 3- 2- 1- Jul Teleconnection
month  month  month P month  month  month 9 month  month  month y
delay delay delay delay delay delay delay delay delay
0.36 0.16 0.2 40* 0.20 42* 42* 0.10 0.03 0.00 0.36 0.17 EA
0.18 0.13 40% -0.01 0.23 0.34 0.01 0.30 -0.04 0.32 0.15 0.10 WP
0.09 0.04 -0.3 -0.15 0.24 -0.34 0.04 -43* 45* .36* 0.10 0.06 PNA
0.07 -0.2 0.2 0.10 -0.15 0.09 0.04 .39* 0.09 .38* 0.08 -0.23 NCP
-.40* -43* -.50%* 55'** -.40* -0.3 -41%  -45* - 42* -.46* -37*  -41* WARMPOOL
-52%*  _BG**x . 5gx* .67_** -54F* - 43* -.54** .52'** -50*%*  -51** - 52%* 5 zi** GMSST
-0.08 -.36* -43* 57'** -0.04 0.06 -0.12 -0.21 -0.23 -0.25 -0.08  -0.35 AMO
-0.32 -0.24 -37%  -0.12 -44* -48*%*  -42%  -45*  -0.19 -0.32 -0.26  -0.16 TSA
-0.18 -0.21 -0.3 47'** 0.05 -0.09 0.01 -0.10 -0.03 -0.07 -0.16  -0.20 TNA
-0.01 -0.30 -0.29 -0.20 -57**  -0.09 -41*  -0.36 -.45* -0.34 -0.05  -0.32 SOl
A43* 49%* 46* 0.33 0.29 0.34 0.32 0.21 0.25 .34* AT** BE** PDO
0.26 0.15 0.13 0.10 0.22 0.23 0.25 0.24 0.32 .36* 0.30 0.20 ONI
0.35 0.30 0.20 0.23 0.17 0.29 0.35 0.30 0.34 A3* .30* 0.32 MEVE2
0.09 40* 41* 51** 0.15 0.09 0.04 0.31 0.08 0.31 0.15 .39* EPO
0.16 0.03 0.10 0.06 40* 0.28 -0.02  .48** 0.36 46* 0.19 -0.01 RMM1
0.27 0.09 0.04 0.09 A9** 0.24 0.19 0.21 0.05 0.20 0.24 0.14 RMM2
* Significant at the 0.05 level, and ** significant at the 0.01 level
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Table 8. Correlation between teleconnection indices and headwater discharge of Karun River in October, November, and December
during the time series (1993-2022) simultaneously and with a lag of 1 to 3 months

With With With Witha Witha  With With  Witha  With
a3- az2- al- 3- 2- al- a3- 2- al- .
month  month  month Dec month  month  month Nov month  month  month Oct Teleconnection
delay  delay  delay delay delay delay delay delay delay
-0.11 0.19 0.16 0.11 62** -0.08 0.14 -0.01 0.02 44* 0.13 46* WP
-55**  -0.17 -.38* 0.13 -.40* -0.34 -0.13 -032 -0.22 -.38* -.45% 47-** PNA
-0.24 -0.14 -0.14  -0.06 0.27 0.06 -0.09 0.01 0.10 -0.01 -0.03  -0.23 NCP
-0.01 .36* -0.02 0.20 -0.16 0.24 0.15 0.01 0.03 0.06 0.04 0.00 TNH
-0.17 -0.19 -0.14 0.07 0.29 -0.24 0.02 -0.14  -0.04 A42* -0.12  -0.19 AAO
-.56%* 60%%  Blxk  BoR -62%*%  -68** - B83** g -.38* -.39* -43*  -0.32 WARMPOOL
-.45* -42* -39*  -0.33  -74*%*  -T76**  -68*%* 72'** -44%  -B4** - 30*  -0.28 GMSST
-52**  -37* -0.16  -0.29  -54** -62** -57** -40* -36* -.39* -0.30  -0.12 AMO
-41* 48-** =37 -0.31 -0.13 -45%  -48*%* - A41* 0.02 -0.15 -0.17  -0.04 AMM
-.45% -0.34 -0.33  -0.11  -57** -53**  -48** 45** -0.27 -.36* -0.34  -0.19 WHWP
-0.33 -0.27 -0.08  -0.09 -.45% -0.29 -0.28  -0.04 -43* -42* -43*  -36% TSA
-.54** 49'** -0.29  -38* -377* -51** -49** -36* -0.31 -0.31 -0.34  -0.17 TNA
-0.13 -0.09 -0.15  -0.16 -0.11 -0.22 -0.15  -0.15 0.20 0.27 42* 0.35 SOLAR
-0.35 -0.33 -0.20  -0.32 -0.35 -0.33 -0.30 -0.22  -.44* -0.35 -0.24 0.02 SOl
0.28 .36* 0.28 0.25 0.22 0.29 0.36 0.28 0.30 0.30 0.29 0.09 MEVE2
0.27 0.08 -0.35 0.10 53** 51** 0.22 -0.18 0.07 0.27 0.14 0.16 EPO
0.03 0.05 0.28 51'** 0.13 -0.02 0.01 -0.02 -0.13  .481** -0.10 0.28 RMM1

* Significant at the 0.05 level, and ** significant at the 0.01 level
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Table 9. Annual and Seasonal Correlation between Teleconnection Indices and Karun River Discharge.
D?;EE:?QI;e Fall Discharge DSil;::Tgagre Disse:ﬂggge Winter Discharge Teleconnection
448* 0.36 .392* 0.28 0.23 EA
-0.30 -0.23 0.06 0.12 -.435* NCP
-527** -.654** -.453* -.384* -0.28 WARMPOOL
-.591** - 473%* -.646** - 487** -.388* GMSST
-0.33 -.380* -441* -0.15 -0.08 AMO
-0.12 -.398* -0.19 0.02 -0.07 AMM
-0.23 -0.34 -411* -0.05 0.12 WHWP
-0.23 -.420* -0.31 -0.26 -0.02 TNA
- 476** -0.33 -0.28 -.388* -.373* SOl
A412* -0.10 489** 372* 0.34 PDO
466** 0.31 0.26 419* 404* MEVE2
478%* -0.08 .649** 0.23 0.33 EPO
0.22 -0.31 0.02 0.34 0.27 RMM1
-0.29 -0.01 0.10 0.23 -0.33 RMM2

* Significant at the 0.05 level, and ** significant at the 0.01 level
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Fig. 6. A count of observed correlations between teleconnection patterns and the discharge of Karun River tributaries, considering
both simultaneous and lagged relationships (1, 2, and 3 months)
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