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Figure 1. Study area.
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Table 1. Basin properties used in research.
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to 48.12%.
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t0232322. Area is from 108 to 2316 square kilometer and slope is from 1.04% to 46.86%.

cﬁ.ﬂ)‘.ﬂoiv CUJ). J@U} ol 0l C:;.J))‘:Sdf;'“’yﬁdf’:' g ‘_}5_}» L;lot.»)i ﬁﬁlé&wd|ww)>\/i
;,ri')’ R S50 Lguwy Colas aJJJNJfA\VOVﬁﬁqukﬁfﬁv\'iﬁibjiooJSLgA.éyA.gJa}g_}»Li)J

el A3 THAA G TY Sl ey oo o 03 3dome 5 Sl a0 b VAT B YAV ) LSl 4

Dry

74 catchments of this climate zone are from Center, South, East and South East provinces. Minimum height is
543meter above sea level that is belong to catchment with 455 code and maximum is 3104 that is belong to 491253.
Area is from 287 to 26113 square kilometer and slope is from 21% to 30.98%.
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47 catchments of this climate zone are from Fars province. Minimum height is 1145 meter above sea level that is
belong to catchment with 431324 code and maximum is 2769 that is belong to 431321. Area is from 162 to 2905
square kilometer and slope is from 2% to 25%.
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56 catchments of this climate zone are from Kermanshah, Lorestan, Hamedan, Kordistan, East and West Azarbayjan
and Ardebil provinces. Minimum height is 811 meter above sea level that is belong to catchment with 1551 code
and maximum is 2797 that is belong to 4219. Area is from 73 to 3461 square kilometer and slope is from 1.68%
t0 44.58%.
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Table 2. The coefficient of Domarton climate classification.
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Figure 2. Climate zone map of study area based on Domarton method.

¥



Debi(n3/s) (L6 5 caSs 200 > o5
- N w - w - ~N
s © & 5 & & o
=] o = =] o o =

o

250

200

150

100

50

Debi(m3/s) (430 5 caSs 200 > o>

60

50

40

30

20

10

Debi(m3/s) (436 o aSoo 200 > o3

[P W PHATRL SRRl IO A S O]

Hydrometric Station Code:13-009
Very Humid Climatic zone

| S—
0 0 40 60 80 100
Percentage Eceedence i pis 4o
gb s kil adhne YA NS b el oSy
Hydrometric Station Code:21-163
Semi Humid Climatic Zone
P
0 2 0 60 80 100
Percentage Eceedence )il pts 4o
Sid il adhate VY oYY S L T ol
Hydrometric Station Code:11-021
Dry Climatic Zone
0 80 100

0 40 60
Percentage Eceedence .l pis 4o )

900

Debi(m3/s) (43U 5 aSo 200 > 23

Debi(m3/s) (w2l o caSoo 200 > 22

Debi(m3/s) (L3065 S 200 > 23

800

700

600

500

400

—b e ek adan v S L o S

300

200

100

Hydrometric Station Code:14001
Humid Climatic Zone

20 40 60 80 100
Percentage Eceedence j:low pie Ao )5

18
16
14
12
10

0

500
450
400
350
300
250
200

150 +

100
50

§ G D il it YA ) S L e T ol
Hydrometric Station Code:38-001
Mediterranean Climatic Zone

e —

20 40 60
Percentage Eceedence ;:low pue A5

80 100

S e kil adhats YV YAV S L el ol

Hydrometric Station Code:21-217
Semi Dry Climatic Zone

20 40 60 80 100

Percentage Eceedence sl pis 4o s

il el GbLe 55 Dglite (S5 h 5 ebe Olasiia b 0L 2 el o Y ISS

Figure 3. Flow duration curve of catchments with different hydrologic and geometric characteristics.
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Table 3. Total Variance Explained in very humid climate zone.

Jele

olols 3l e

s el Lo s

Component % of Variance Cumulative (%)
1 39.383 39.383
2 24.08 63.451
3 12.139 75.590
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Table 4. Total Variance Explained in humid climate zone.
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Component % of Variance Cumulative (%)
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Table 5. Total Variance Explained in semi humid climate zone.

Jols ooy Sl des s s eilsly Lo o
Component % of Variance Cumulative (%)
1 39.234 39.234
2 21.448 60.682
3 14.579 75.262
4 9.550 84.812
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Table 6. Total Variance Explained in Mediterranean climate zone.

Jole oSlols Sl des s sres ells Lo
Component % of Variance Cumulative (%)
1 42.412 42.412
2 19.698 62.108
3 10.080 72.188
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Table 7. Total Variance Explained in dry climate zone.

oSlols Sl des s

sres elsls Lo

Component Jole
% of Variance Cumulative (%)
1 52.140 52.140
2 24.232 76.372
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Table 8. Total Variance Explained in semi dry climate zone.

Jole olols 3h e o peills oo
Component % of Variance Cumulative (%)
1 45.793 45.793
2 19.420 65.213
3 10.662 75.875
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Table 9. Regressions of flow duration curve index for catchments of different climate zones.
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Table 10. Summary of statistical analysis.
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Figure 4. An example of frequency distribution of errors in models of Very humid climate zone.
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Abstract

Background and Objectives: Improvement and development of forecasts in ungaged
catchments needs to understand the interaction between the catchments parameters and
hydrological response of catchments in different climates. Flow duration curve is one of the best
methods for showing the hydrological response of basins and have different application in the
fields of hydrology and related sciences. The shape of flow duration curve also reflects the
impact of climate parameters, geology and physiography on the flow of the river and the
hydrological response of the catchment. In the past decade, several studies have been done on
the impact of geometric and hydrological parameters of basins on the shape of flow duration
curve. Most of these studies are empirical and classified in graphical and statistical methods.
The graphical method, focus on the effect of physiographic and climatic characteristics on the
shape of flow duration curve. While, the statistical methods focus on statistical distribution and
correlation of the physical characteristics of the catchments. Factor analysis of parameters
affecting the flow duration curve will lead to accurate modeling and interpretation of
catchments hydrology. The aim of this study was to determine the most important
hydro-climatic and geometric factors affecting the shape of flow duration curve and
investigation of relation between them in the different climates.

Materials and Methods: In this study, for factor analysis of effective parameter on the shape of
flow duration curve, climate maps were prepared and intersect with the layer of fourth-order
watersheds and watersheds located in every climate were selected. Then at least 30 hydrometric
stations with appropriate data and common period (1976-2001) in each climate zone were
selected. Then 10 geometric and hydrological parameters affecting the flow duration curve
including: average height, area of the watersheds, Gravelius coefficient, slope, main river length
and hydro climatologically parameters including: annual rain fall, base flow index, curve
number, permeability and the number of rainy days, were calculated for each basin. Flow
duration curves plotted using daily flow data and the slope between Q33 to Q66 was computed
as an indicator of the shape of flow duration curve, using coding in MATLAB programming
environment. Factor analysis was performed and effective factors on the shape of curve were
identified. The regression between the flow duration curve index and selected factors in
different climate zones were extracted and analyzed.

Results: The results showed that the parameters of first factor including: curve number, base
flow index, recession index and the number of rainy days in all climatic zones were common
except dry climate zone. Also, curve Number in all the climate zones has the highest weight of
influence. The weight influence of geometric parameters in all areas was higher than
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hydrological parameter, except in very humid zone. The selected parameters for factor analysis
in the humid zone were found the highest variance explained with 88 percent and the lowest in
the Mediterranean zone with 72 percent. The normal distribution of errors, the coefficient of
determination of more than 0.90 and the coefficient of Durbin Watson between (1.5-2.5) reflects
the confidence on the regression equations to estimate the slope of flow duration curve in
untagged catchments in different climatic zones.

Conclusion: Overall, the factor analysis results in different climatic zones revealed that some of
the parameters classified in the first class including: curve number, base flow index and number
of rainy days were common in all climatic zones. With one exception that in dry zone, the
number of rainy days was less effective and placed in second class. The factor of curve number
in all climate zones was more effective than other parameters.

Keywords: Flow duration curve shape Index, Climatic zones, Geometric parameters, Hydrologic
parameters






