
The final streamflow reconstruction for the Dez River basin from the selected
chronologies spans 1510-2013, with instrumental data appended after 2001.
The resulting reconstruction of the most downstream gauging station accounts
for 62% of the variance in streamflow observations.

Table 1. Reconstruction skills of the HBR model for the three Dez basin gauges.

The longest multi-year wet and the second-longest multi-year dry events
occurred during the instrumental period, with the transition probabilities from
wet (dry) to dry (wet) reaching their maximums. Additionally, the frequency of
extremes has increased simultaneously since the beginning of the 20th century.

Fig. 3. Extreme high/low flow event years and the time-varying frequency of the
occurrence of these events at G21-295. The dashed lines show the adjusted
frequency curves if instrumental data is appended to the reconstruction after
2001.

Our reconstruction corresponds to documentary data of Iran's great famines of
1870-1872 and 1917-1919 (Seyf, 2010; Majd, 2013) and abnormal cold-wet
winters for 1909-1911 (Melville, 1984). It is well-correlated (p<0.05) with the
local SPI reconstruction (b; Arsalani et al., 2021) for southwestern Iran and
streamflow reconstructions for Pakistan (p<0.1) (c; Rao et al., 2018) and
consistent with regional precipitation reconstructions for Turkey (d; Touchan et
al., 2003) and Jordan (e; Touchan et al., 1999).

Fig. 4. Comparison of the reconstructed winter-spring discharge for Dez River at
G21-295 with local and regional reconstructions. The vertical lines indicate the
historical droughts/famines experienced throughout.
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Sustainable river basin management requires a deep understanding of the full
range of hydrologic variability. However, the poor availability and the short
length of streamflow observations hinder our understanding, especially for
semi-arid regions like Iran where the maximum length of flow series rarely
exceeds 50 years.

While dendrohydrology has improved our knowledge of streamflow variability,
it’s not yet been implemented for Iranian rivers. Here, we use tree-ring width
chronologies from a wide area stretching from the eastern Mediterranean to the
Tibetan Plateau to develop the first streamflow reconstruction at three flow
gauges for the Dez River basin, southwestern Iran.

Fig. 1. (a) Topography of the Dez River basin and the locations of the streamflow
gauges (red circles). (b) The basin’s position in the wider region, with the orange
triangles indicating the Zagros Mountain Range. (c) Boxplots showing monthly
basin-average precipitation (mm, left axis) from 1901 to 2019 (CRU data sets),
with climatological basin-average monthly temperature (°C, right axis) for the
same period plotted in blue.

• ~500-year winter-spring streamflow reconstruction of Dez River,
southwestern Iran.

• The instrumental period has an increased frequency of droughts and floods.

• The recent extended low discharge period is not unprecedented.

The reconstruction shows that the region has experienced longer megadroughts
in the past than have occurred during the instrumental period. However, we
found that the instrumental period has the overall highest frequency of both
extremes’ events (dry and wet extremes occurring in the same period) with
increased variance. Thus, the reconstruction suggests that increasing variability
and decreasing flow predictability over the last 70 years are anomalous when
compared to the last 500 years.
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Gauge information Initial nest (1793-2001) 1510-2001
Name Number R2 R2

adj VRE VCE R2 R2
adj VRE VCE

Sepid Dasht Sezar G21-285 0.50 0.45 0.41 0.25 0.44 0.39 0.37 0.16
Tang Panj Bakhtiyari G21-293 0.60 0.57 0.47 0.30 0.55 0.51 0.46 0.24
Tale Zang G21-295 0.62 0.58 0.47 0.35 0.56 0.52 0.45 0.26

Conclusion

We used 26 well-correlated (Pearson correlation, p<0.05 two-tailed t-test)
chronologies available through ITRDB for our reconstruction. A Hierarchical
Bayesian Regression (HBR) model was used as the reconstruction model, and the
most robust model output was chosen based on the common verification
statistics in dendrohydrology. Finally, we analyzed the multi-year drought and
flood events and estimated the change in frequency of extremes.

Fig. 2. Locations of 26 tree-ring width chronologies used in regression modeling
and the schematic view of the HBR model.
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