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Abstract: One of the effective flood damage mitigation methods is using Flood Warning System. The

system is basically consisted of three elements: Monitoring, Forecasting and Decision making. This

paper presents a useful method which can be applied in flood forecasting by means of Intensity-

Duration-Frequency rainfall curves. Depending on sensitivity and importance of the properties in a

vulnerable zone of flood plain and the level of protection needed, a design IDF curve may be

considered for the zone. Then, the precipitation for the next time interval (say 30 minutes) can be

extracted from the curve. Afterwards, rainfall-runoff and flood routing models may be used to

determine the flood level at floodplain. The procedure was applied to the flood warning system of

Madarsou basin in north-east of Iran. Madarsou basin is one of the most vulnerable areas to flooding

in Iran and its flood warning system has been installed in 2005. The precipitation hyetographs of 26

flood events recorded from 1983 to 2004 were acquired. Setting the results of the rainfall-runoff and

flood-routing models as references, the efficiency of the procedure was verified by applying on-time

forecasting. Checking out several IDF curves, confirmed that for the Madarsou basin, the 10 year

curve is a proper design curve which deduces the most accurate results.

Key words: flood warning system, flood level forecasting, intensity-duration-frequency curves,

forecasting model.

INTRODUCTION

Gorganroud basin is one of the main Caspian basins in north of Iran. Flood damage news in the basin

is not chocking now. Nearly each year, a serious flood takes place in this basin. There were 433 losses of lives

just in 2001. Most of the dead were not native, they were tourists. Madarsou is one of the Gorganroud sub-

basins. However, land use changes in the basin is the main cause of flash floods, but it seems that launching

a flood warning system could decrease significantly dead losses in the basin.

One of the flood disaster characteristics is the lag-time between the precipitation event and the flood peak

occurrence in a basin : Lead time is the interval time between flood warning and flood event in a specific

flood zone elevation (Norouzi, A., et al 2007). The aim of a flood warning system is to maximize the lead

time. Accurate forecasting of the incident moment and the intensity of flood peak period is vital to execute

flood damage mitigation programs on time. These programs, including people and properties evacuation,

making temporary flood barriers and moving all obstacles out of access roads, must be designed or prepared

before a flood event.

Usually, three components of a flood warning system are: monitoring, forecasting and decision-making

(Krzysztofowicz, R., 1993). Monitoring needs some climatologic and river flow measuring instruments to record

and transfer the weather, rainfall and water level information to a control center. Forecasting refers to a

stochastic prediction rainfall model (e.g. Artificial Neural Network, ARMA, ARIMA), a rainfall-runoff and

flood routing model (e.g. HEC-HMS). So the reliability of flood warning not only depends on a consistent and

on time measuring and communication factors but also requires an adequate long rainfall and river flow time

series to guaranty proper model calibration and satisfactory results (Chow, V.T., et al. 1988).

Decision-makers usually want to increase the reliability and enlarge the lead time of the system by using

advanced monitoring tools, improving forecasting methods and performing warnings at lower flood levels in

river. Considering the trade-off between reliability and lead time, increasing one will decrease the other.

Readers interested in this topic may refer to Krzysztofowicz papers ((Krzysztofowicz, R., 1993),

(Krzysztofowicz, R., et al, 1994)). However, based on monitoring instruments and techniques, applying a
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reliable flood forecasting method not only increases the lead time but also it will decrease the uncertainties

of the system which leads to false warnings or missed floods (Krzysztofowicz, R., et al, 1994).

This paper proposes a method based on using rainfall IDF curves to apply in forecasting procedure. It may

be applied in flood warning systems, especially where there is no reliable and adequate observed data and so

regional hydrological methods should be used. Furthermore, the effect of the proposed approach will be

assessed on potential lead time of flood warning system of Madarsou basin, in north east of Iran.

Methodology:

Recorded rainfalls for 22 years are available in the basin. Rainfall-runoff and flood routing modelling is

applied to selected events to deduce flow discharges and flood levels in different zones of the basin. The

simulated information is used as “observed data”. On the other hand, by applying a real-time forecasting for

each event, water level in the zone may be estimated which is used as “forecasted data”.

2.1. Design Curve Determination:

The approach profits intensity-duration-frequency curves for flood forecasting and estimation of time-stage

curves for a control cross section. Principally, the intensity-duration-frequency curves can be obtained for

various return periods based on the recorded rainfall events. According to the accepted flood risk for the

downstream vulnerable zone, one of these curves should be selected as “Design Curve”. A high return period

curve (e.g. 50 years) leads to premature warning and so with high uncertainty. It will augment the false

warnings. In contrary, a low return period curve (e.g. 2 years) may cause in retard warnings. It will increase

the missed floods. So different return period curves should be checked for the recorded rainfalls and floods

to select an optimum return period curve.

Another variable in the IDF curves is the rainfall duration which should be determined before forecasting.

As the rainfall events are proposed to be independent events, by setting a forecast time interval, at each

moment, the same precipitation duration may be applied for all rainfall forecasting in an event. The forecast

time interval can be set from 10 minutes to one hour. However, for its determination, the climatological and

physical characteristics of the basin should be considered. For a small mountainous basin with severe rainfalls

a short forecast time interval should be considered, but it can be longer for a vast basin where flash floods

are rarely seen.

Recorded precipitation events are helpful to determine the IDF curve return period and the forecast

duration (i.e. design curve with forecast time interval): for the i  interval, the total precipitation at the end ofth

i itime interval, hf  , is the sum of real time observed precipitation at the beginning of the time interval, ho  ,

iand the forecasted precipitation in the t minutes time interval, ht : 

i i i hf  = ho  + ht   (1 )

iht   is extracted from the considered design curve with t minutes rainfall duration.

iThe forecasted precipitation, hf  , can be compared with the total recorded precipitation at the end of time

i+ 1interval, ho  :

i+ 1 i i ho  = ho  + Äho   (2 )

iwhere Äho   is the precipitation recorded for the time interval.  

If the forecasted precipitations for various time intervals in different observed rainfall events were not

satisfactory, the design IDF curve should be changed. It means that an alternative curve with different return

period should be considered.

For the Madarsou basin, the 2 year to 50 year return period curves with different time intervals were

checked and finally the 10 year return period curve with 30 minutes time interval was selected as the design

curve and the time interval for forecasting. 

2.2. Forecasting Procedure:

When precipitation begins in a basin, the water level is monitored at the control section continuously. If

the water level exceeds a predefined level (i.e. triggering threshold), the monitoring component activates the

forecasting component. It estimates at first, the precipitation of the next time interval (e.g. 30 minutes) and

then, models the output hydrographs and the water levels in the flood vulnerable areas as well (Krzysztofowicz,

R., 1993). In the decision making component, based on the flood level and the vulnerability of the zone,
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warning to the concerned sectors will be activated (Fig. 1). The warning may be divided into three levels: low,

medium and high. An action plan, according to each warning level, will be proceeded. The action plans must

be prepared before disaster events, based on potential local and regional facilities.  

It should be noted that if the concentration time of a basin is long enough, just monitoring the rainfalls

in sub-basins may be sufficient to estimate the flood level in the vulnerable downstream zones. So the

precipitation estimation for the next time interval may be not needed in all cases.

Fig. 1: Flood Warning system components

To estimate the precipitation (rainfall depth), the design IDF curve and the forecasting time interval must

be defined. The position, significance and vulnerability of the downstream zone as well as the physiological

and climatological features of the basin should be considered to determine a proper IDF curve and the best

forecasting time interval. 

3. Madarsou Basin Case Study:

3.1 Flood Warning System of Madarsou Basin:

Madarsou River basin, which is located in the north east of Iran, is one of the disaster-affected areas in

this region. The number of victims during 2001 and 2002 summer floods were 260 and 60, respectively.

Furthermore, thousands of livestock were lost and a lot of infrastructures, such as bridges and roads, were

washed out or destroyed. 



Aust. J. Basic & Appl. Sci., 3(4): 4381-4391, 2009

4387

The Madarsou river basin is located in the Golestan province. Its source is located in the Alborz

Mountains. It flows from the east to the west through the northern part of the country, and joins the Gorgan

river that finally ends to the Caspian Sea (Fig.2). It receives the most important tributary, Cheshmekhan river,

near Dasht village. The Madarsou river has a catchment area of 2,360 square km and a length of about 100

km. The population in this basin is about 60,000 people and the average annual rainfall is close to 1,000 mm.

Fig. 2: Location of Madarsou basin and vulnerable areas (Japan International Cooperation Agency, 2006).

The destructive flood events in 2001 and 2002, which caused important life and property loses, were the

main incentive of installing the river flood forecasting and warning system in 2005.

In this paper, as the case study of presented methodology, three vulnerable areas (i.e. Dasht village, bridge

of Golestan road and Tangrah village), and one water level control cross section at the bridge of Dasht were

selected (Fig. 2). According to topographical characteristics and land use conditions, the warning thresholds

are assumed to be at 3m, 3.5m and 4m for each recorded flood event simulation. 

The 10 year IDF curve with 30 minutes forecasting time interval is selected for the rainfall depth

estimation.

3.2. Modelling and Forecasting:

Lacking precipitation station in the basin, recorded rainfalls by two neighboring stations were used. By

applying the iso-precipitation maps of 2001and 2002 summer floods, Fig. 3, the data recorded in Laleh-bagh

and Agh-ghala stations was allocated to Cheshmehkhan and Madarsou reaches, respectively. 

As a result, the intensity-duration-frequency curves of Madarsou and Cheshmehkhan are plotted in the fig.

4.

Amongst the 260 recorded rainfalls in Laleh-bagh and Agh-ghala stations, 26 events were selected. These

events were both simultaneous and the synthetic simulation results showed that these events cause flood in the

Madarsou and Cheshmehkhan reaches.

The 10 year return period IDF curves, selected as design curves, yield 10.23mm and 3.97mm rainfalls in

30 minutes for Agh-ghala and Laleh-bagh stations, respectively.

One triggering threshold was selected to trigger the forecasting component (i.e. S1 = 2.5m). When the

water level reaches to the triggering threshold at the control section, the forecasting component will be

activated and the flood hydrograph and the flood level will be predicted for the vulnerable zones. 

To realize whether the water level reaches to the triggering threshold, the rainfall-runoff simulation was

applied in real-time modeling for every 26 rainfall events. The rainfall was transformed to runoff and then it

was routed in the river reaches to control point using HEC-HMS model. If the simulated flood level exceeds

the triggering threshold, the forecasting component is activated and otherwise the rainfall-runoff simulation

process is repeated for the next precipitation time interval.

Clarke model is considered for rainfall-runoff simulation and Muskingham-Cunge method for flood routing

(Moussa, R. et al., 1996). The downstream hydrographs were transformed to time-stage diagram at control

section by using rectangular weir formula Q = 1.7BH , where B is the width of bridge and H  is the flow3/2

depth. The relationship was calibrated by the 2005 flood at control section. Table (1) presents the flood peak

estimations 



Aust. J. Basic & Appl. Sci., 3(4): 4381-4391, 2009

4388

a) summer flood in 2000

b) summer flood in 2001

Fig. 3: Iso-precipitation map (Japan International Cooperation Agency, 2006)

for the considered flood events. Forecasting procedure is stopped when the flood level arrives at warning

threshold. That's why the maximum forecasted flood levels are less than the maximum observed flood levels.

When the forecasting results show flooding situations, the forecasting procedure is stopped and it is decided

to warning.

Fig, (5) shows the procedure flow diagram. 
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Table 1: The Results of hydrological simulation of Madarsou  basin for 26 flood events

NO. M aximum Observed M aximum Forecasted M aximume Observed M aximume Forecasted

Flowrate Flowrate Level Level

(m /s) (m /s) m m
3 3

1 616.67 588.94 4.75 4.61

2 534.21 472.43 4.32 3.98

3 639.46 545.42 4.87 4.38

4 501.78 423.47 4.14 3.7

5 534.42 411.51 4.32 3.63

6 531.67 406.42 4.31 3.6

7 504.85 392.94 4.16 3.52

8 463.19 438.65 3.93 3.79

9 459.06 400.42 3.9 3.56

10 494.14 408.28 4.1 3.61

11 440.83 366.53 3.8 3.36

12 502.31 382.28 4.15 3.46

13 435.95 318.86 3.77 3.06

14 469.02 360.07 3.96 3.32

15 519.69 494.17 4.24 4.1

16 484.29 424.55 4.05 3.71

17 562.83 472.92 4.47 3.98

18 553.4 454.74 4.42 3.88

19 415.77 339 3.66 3.19

20 400.09 315.38 3.56 3.04

21 363.79 296.89 3.34 2.92

22 302.77 253.78 2.96 2.63

23 295.24 238.02 2.91 2.52

24 286.74 265.44 2.85 2.71

25 304.55 255.22 2.97 2.64

26 275.55 198.14 2.78 2.23

Fig. 4: Intensity-Duration-Frequency curves
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Fig. 5: Procedure of observed (H) and forecasted (S) flood level estimation based on precipitation depth in

Madarsou basin

3.3. PLT Calculation:

The time period between a flood warning and the flood occurrence in a zone is called Potential Lead Time

(Krzysztofowicz, R., 1993). Decision makers prefer to increase the PLT as much as possible to decrease flood

damages. But, there is a tradeoff between the potential lead time and the reliability of flood warnings. It means

that, in general, by increasing the PLT, the number of false warnings increases too. However, by using the

IDF curves, forecasting time procedure decreases and the PLT will be increased without any real effect on

warning reliability. 

Besides the physiological characteristics of basin, PLT depends on the time of data collection and the

triggering threshold. The use of IDF curves decreases the data collection time by excluding the meteorological

forecast/modeling. 

In Madarsou basin, the real time needed for the meteorological forecasting is not available. So, comparing

the PLT with/without IDF curves is not possible. However, it may be estimated based on the triggering

threshold, S1, and the flood celerity.  

All of the PLT calculations were carried out in control point. Control point is very close to Dasht Village

and so the calculated PLT can be extended to the village. The flood traveling time from control point to

Bridge and Tangrah is 2 and 4 hours, respectively. 
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Considering three warning threshold for each vulnerable zone, PLT is computed and presented in the table

(2). By increasing the zone elevation, PLT increases as well. 

Table 2:  PLT (hr) for three sensitive areas with constant triggering threshold

Location Zone Elevation

--------------------------------------------------------------------------------------------------------------------

3m 3.5m 4m

Dasht Village 17 18.91 20.83

Bridge of Glestan Road 17.22 20 22.78

Tangrah Village 19.22 22 24.78

4. Conclusions:

Proper using of Flood Warning System can reduce significantly the flood damages of a vulnerable zone.

Decision makers may profit the Potential Lead Time deduced by on-time warnings in a reliable FWS to

evacuate people and properties, and to prepare the zones in flood risk (according to the Flood Action Plan).

A design IDF curve may be used in forecasting component of FWS to increase the PLT. The design curve

should be selected based on sensitivity of the zone and density of people and properties. 

In this paper, a procedure for flood level forecasting, based on the precipitation, is developed. To trigger

a flood warning, this forecasted level must be compared with observed flood levels.  

In Madarsou basin, the 10 year return period IDF curve deduces very close but underestimated forecasted

to observed flood peaks. According to the land use of region, the curve is suitable. But in the future, if the

density of properties changes, the design curve should be changed too.

ACKNOWLEDGMENTS

The study was financially supported by Water Resources Management organization of Ministry of Energy

in Iran. Useful comments on the text were provided by Dr. S.Alimohammadi.(PWUT).

REFERENCES

Chow, V.T., et al. 1988. Applied Hydrology, McGraw-Hill, pp: 572.

Japan International Cooperation Agency, 2006. The Study on Flood and Debris Flow in the Caspian

Coastal Area Focusing on the Flood-Hit Region in the Golestan Province, Final Report.

Krzysztofowicz, R., 1993. A Theory of flood warning systems, Water resources research, 29(12): 3981-

3994.

Krzysztofowicz, R., et al., 1994. Reliability of flood warning systems, Journal of Water Resources Planning

and management, 120(60): 609-626.

Mays, L.W., 1999. Hydraulic Design Handbook, McGraw-Hill, pp: 1230.

Moussa, R., C. Bocquillon, 1996. Criteria for the choice of flood-routing methods in natural channels,

Journal of Hydrology, 186(1-4): 1-30.

Norouzi, A., A.R. Ghavasieh and J. Attari, 2007. Uncertainty evaluation of Flood Warning System:

Reliability and Trade-off, Electronic Proceeding of 32  Congress of IAHR, Venice, Italy.nd

Poulard, C. and A.R. Ghavasieh, et al., 2003. Dynamic Slow Down: From Integrated Management to

Flood Mitigation, International Conference "Toward natural Flood Reduction Strategies", Warsaw, Poland.


