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1- One parameter recursive digital filter
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Figure 1. Map of climatic zones of the study area based on Domarten method.
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Figure 2. Schematic diagram of the last inflection point of the flow duration curve.
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Table 1. General characteristics of the catchments of each climatic zones
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214 0.24 39 1.12 42 30 17 Minimum {3l
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1078 49.92 1100 2.17 4117 274 3067 Maximum 1> N
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. . S - dow
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Table 2. General characteristics of selected indices in the catchments of different climatic zones.

Indices 2>Ls
QFinal  BFI Q90 Q75 Q50 Q20 Q15 Q10 Q5 Q2 )
Climate muu
43 0.57 49 57 60 81 84 87 83 87  Average ., Sil»
. o s
56 0.77 62 79 73 97 98 98 98 98  Maximum Sl b e
Very humid
19 0.36 22 34 30 56 54 55 37 60 Minimum J5la-
43 0.54 49 60 64 76 84 91 91 90  Average ks
56 0.86 74 78 86 97 97 97 98 98 Maximum ;Sli>~ N
Humid
19 0.36 30 26 29 30 28 40 51 55  Minimum sl
45 0.59 50 62 68 79 90 94 92 92  Average ,Sle
56 0.84 74 81 86 98 98 98 98 98 Maximum Sl e
Semi humid
19 0.35 23 41 38 30 63 63 64 53 Minimum Jsla-
40 0.55 47 56 59 71 81 87 86 84  Average ,Sils
. PR
55 0.83 69 76 85 97 98 98 98 98  Maximum Sl S
Mediterranean
18 0.36 21 24 27 26 36 35 31 27 Minimum fsla-
42 0.61 50 52 58 85 87 87 84 88  Average ,Sils
. <o
52 0.84 68 80 79 98 98 98 98 98 Maximum ,sli~
Arid
31 0.33 27 23 30 57 51 52 38 58  Minimum 5l
35 0.56 39 33 41 65 90 91 89 90  Average ks
. ;_{,..}; S 5
55 0.81 65 52 96 95 95 98 97 97 Maximum Sl o
Semi-arid
26 0.42 25 24 31 40 75 71 66 67 Minimum 5l
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Table 3. Correlation relationships of FDC with BFI in catchments of very humid climate zones.

ol S S5 il e
Index Relation of regression Coefficient of determination (R?)

Q2 Y=89.24X +36.144 0.685

Qs Y=133.59X +7. 0675 0.605

Qo Y=94.953X +32.634 0.619

Qs Y=108.89X +22.32 0.727

Qo Y=91.079X +29.94 0.837

Qso Y=99.977X +2.5301 0.816

Qs Y=64.79X +20.498 0.637

Qoo Y=52.715X +18.732 0.626

2 0.90
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Figure 4. Relationship of BFI and Qrinal.
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Figure 3. Changes of R?, of Probability of exceedance.
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Table 4. Correlation relationships of FDC with BFI in catchments of humid climate zones.

ool S S5 il e
Index Relation of regression Coefficient of determination (R?)
Q2 Y=22.151X +77.957 0.0752
Qs Y=1.7768X +90.305 0.0006
Qo Y=20.139X +80.422 0.619
Qs Y=43.617X +60.653 0.0625
Q2 Y=79.581X +32.642 0.4235
Qso Y=64.633X +29.224 0.4685
Qs Y=46.953X +34.823 0.351
Qoo Y=67.754X +12.002 0.6944
10
0.3 y=0.0007 - 0.0428x + 1.1217 . p 08
08 R2=05221 LR L
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Figure 6. Relationship of BFI and QFiqa.
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Table S. Correlation relationships of FDC with BFI in catchments of semi humid climate zones.

g S 5 adasl

Index Relation of regression Coefficient of determination (R?)
Q2 Y=19.257X +81.706 0.5265
Qs Y=0.8841X +93.209 0.0008
Qio Y=6.098X +90.891 0.1048
Qis Y=28.425X +74.038 0.4553
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Table 6. Correlation relationships of FDC with BFI in catchments of Mediterranean climate zones.
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Table 8. Correlation relationships of FDC with BFI in catchments of semi-arid climate zones.
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Abstract

Background and Objectives: Recognizing and understanding the relationship between the
different components of the catchments can help improvement and development of predictions
in ungagged catchments. The true value of the base flow is unknown and since the flow duration
curve (FDC) is generated using observational data, therefore recognizing and analyzing the
relationships between FDC and the base flow index (BFI) will lead to the acquisition of
information for optimal use of FDC indices, as the estimating parameter of BFI. The purpose of
this study is to investigate and identify the relationship between BFI and FDC indices in order
to develop BFI estimating parameters in different climates of Iran.

Materials and Methods: First, by preparing the climate map of the country and its intersection
with the border of the 4™ order of watersheds, the catchments located in each climatic zone were
separated. Then, at least 30 stations with appropriate data and the common period of 1976-2011
were selected in each climatic zone. The FDC was prepared using long-term daily stream flow
data, and indices of, Qz, Qs, Qio, Qis, Q20, Qs0, Q75 and Qqy, extracted. The index of the last
inflection point of FDC at the point of zero slope was extracted by coding in MATLAB.
Then BFI was calculated using one parameter recursive digital filtering algorithm and long-term
daily stream flow data. Finally, regression relationships between FDC indices and average
annual BFI in different climatic zones were computed and analyzed.

Results: The results showed that the highest correlation between FDC and BFI, in the
catchments of very humid region with the coefficient of determination of 0.84 were related to
the first part of FDC (considered high flow rates), but in both humid and semi-humid regions,
the highest correlation were related to the last part of FDC (considered low flow rate) with 0.63
and 0.69. The highest coefficient of determination (0.85) between FDC index at the point of
zero slope (Qrinal) and BFI were related to the catchments of very humid region. Correlation
between last part of FDC indices with BFI in catchments of humid, semi-humid, Mediterranean
and semi-arid climate zones were strong relation and could be recommended for regional
analysis, forecasting and estimating purposes in ungauged catchment. However, in the arid zone
catchments, this relationship has an exception and the indices of high flow rates part of FDC
play this role. In very humid region catchments, the coefficient of determination of all FDC
indices with BFI was reliable and usable.
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Conclusion: Overall, it is noteworthy that the correlation between the last part of FDC indices
(considered low flow rate) with the average annual BFI in the humid, semi-humid,
Mediterranean and semi-arid climate zones were strong, reliable and could be recommended for
regional analysis, forecasting and estimation in ungagged catchments. However, in the arid zone
catchments, this relationship has an exception and the indices of high flow rates part of FDC
play this role and have the highest correlation. In catchments located in very humid region, the
coefficient of determination of all indices with BFI were reliable and usable. The overall results
in the catchments of all climatic zones show FDC indices as a reliable and predictive parameter
of BFI.
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