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Flash floods usually happen in small basins where the measured data of flows is not
enough. Determining parameters of conceptual models such as: TANK, NAM, SSARR or
HEC meets a lot of difficulties. Artificial Neural Networks (ANN) model is one suitable

solution to simulate and forecast flash flood.

1. Preliminary introduction to ANN model

ANN model establishes a combination of some amount of input and output variables
through a form of semi-character. ANN activities are similar to activities of the brain. Input
1s considered as stimulation, but output means a responses. ANN can study through

examples, then generalize 1ts characteristics to meet optimal responses.

ANN uses Neuron as a basic fundamental correctional unit (fig.1). Each neuron i1s
specifies by some components as follows:

- Active level.

- Connecting combination of neuron inputs .
- Output
- Threshold value.

Output
GExw, +B) [

Figure 1: Fundamental correctional unit of ANN

Where: x,, x,, X, are inputs of neuron,
w,, w,, w, weighed parameters of of inputs, respectively,
B,1s threshold value of neuron,

G 1s transfer function (e.g. sigmoid or logic function).
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Multi-layer neural network consists of at least 3 layers of nodes (fig.2). The input
layers are a passive layer putting examples into ANN to study. The hidden layers include
nodes without direct relation to the outside layers. These layers are the non-linear
combination of inputs. The output layer calculates non-linear combinations of hidden nodes.
Weighted values w;; and w;, of ANN can be evaluated by the optimization scheme

(gradient method).

(Input Layer) (Hidden Layer)  (Output Layer)

Kkl
Zl

Input signal x; Output signal x; Output signal y; Output signal 2,

Figure 2: Multi-layer ANN (Network of Dinh river-Binh Thuan Prov.)

In ANN, input signs are distributed among hidden nods. After that, these hidden
nods change them into output signs. These signs are transmitted to output of ANN.

If the input of ANN are x;,(i=1-N,,), then output of hidden layers will be y; , G=1-N,,):

Ninp
yi=G aoj+zaini (1)
i=1
and output will be z,,k =1-N_,:
N hiq
Zy =G| By + ijij , (2)
i=1

Where:
N,,,= input patterns,
N, .«= output patterns of hidden layers,

N,..= output patterns.
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Transfer function, which is limited between 0 and 1, 1s a logistic function as follows:

G(u) =——1 =t (3)
1+
Thus ANN consists of (N;,, +1)N, 4 +(Ny;q +1)N,,, parameters (this is parameters a, b
or weighted values w,; , w;,). These parameters will be received from teaching ANN
process to find out the minimum error function, that is a mean square error MSE:
1 NexumNout 2
MSE = —N_———"T—" Z (ObSi — mOdi) (4)

exam* out 1

Il
—

Where:
N....: examples patterns for studying,
obs, :output observed patterns,

oxam

mod, : output patterns calculated from ANN .
a, b are the parameters optimized by the gradient method.

Versions of ANN are built up to create advantages for running models and outputting
results. WinNN version 0.97, built by Y.Danon, April 1995, has been used 1n this document.
ANN model doesn’t require continuous data. It allows analyzing and choosing parameters
of all floods at the same time. That 1s a real advantage as compared to the black-box and
conceptual models in hydrology. It also allows establishing directly the relation between
rainfalls and water levels without using flows and overcoming principal difficulties, such as
maintaining a station observing discharge in small basins.

2. Applying ANN to simulate and forecast flash flood

We apply ANN to simulate and to forecast flash floods and great floods for some
basins, in which there are Dinh river in Binh Thuan province (F=435km* for Z30D station),
NamLa in Son La province (F=205km” for 308 bridge station), Ve river in Quang Ngai
province (F =1260km* for AnChi station) and some other rivers, with their various basin area.

2.1. Dinh basin

We only have the water level data at the Z30D station and rainfall data at some
meteorological station within this basin. The number of the input are 4, and the output is
water level at Z30D station. Applying ANN to simulate the great floods, including the
1999's flash flood, we got the results as follows: (for 43 training patterns):

+ With error of 5%, 1t will have good patterns of P=95.8%,

+ The root mean square error RMSE = 0.0241,

+ Maximum error = 6.24%,

+ Ratio: Sle = 0.135

Forecasting results for flood peak in period of 1995-1999 were shown in table 1 and fig. 3.
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Table 1: Comparison to forecasting and observed maximum peak flood
1995 1996 1997 1998 1999
Year
Observed Level 1055 1004 1041 1100 1355
Calculated Level 1054.2 932.2 1040.6 1099.1 1351.8
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Figure 3: Comparison to simulated and observed process

Verification with independent data series, chain 5 patterns from 1 to 5 are chosen,
responding to a flood. ANN will study the rest patterns to determine parameters, and then
compute for 5 chosen patterns. Result will be shown in fig.4:
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Figure 4: Verification by ANN for flash flood of Dinh river
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If foreseeing period was chosen as 12h (equivalent to observed rainfall data) the

forecasting result is rather well as shown bellow:
+ With an error of 5%, it will have good patterns of P=88%,
+ RMSE=0.0452,
+ Maximum error = 17.8%.

2.2. Nam La basin

In Nam La basin, it has many rainfall and flow data, with 8 inputs and 1 output.
The output discharges in 308 Bridge station; so checking process has more advantages.
Running ANN for floods, including the 1991’s and 1995’s flash floods (47 patterns) has

given some results as follows:

+ With error 1%, it will have P=100%, if 11 patterns are given to independently
checking forecast, then P=88% will occur and:

+ RMSE = 0.00593,
+ Maximum error = 1.63%,
+ Ratio S/c = 0.112

Simulated form of process i1s very good (fig.5), even with the independent checking

forecast
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Figure 5. Comparison to flash flood process in Nam La basin

VNU. Jowrnal of Science, Nat., Sci., & Tech., T.XX, N3, 2004



62 Nguyen Huu Khai, Le Xuan Cau

2

- / Target-1
Net-Qt

Ry
: Net-|
| ¢

X L4
O\, 2 3 4 5 6 7 8 9 10 I

v Pat. Incex |

Figure 6: Verification by ANN for flash flood in Nam La river
2.3. Ve basin

In Ve basin, ANN was used to detemine relation between level of flood peak depends
rainfall and begininng level of the floods: H,,, = f(X,,, H,)

With 43 pattens, ANN gives following results (fig. 7):
+ With an error of 5%, it will have good patterns of P=87%,
+ RMSE = 0.0401,

+ Maximum error = 8,648%.
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Figure 7: Simulated and observed hydrograph in Ve basin
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Using ANN for some other rivers (e.g. Ca river-Nghe An) has also given rather good

results.
3. Remarks

- ANN model allows setting up a multi-dimensional and direct relation of the input
and output, it reflects the characteristic of both conceptual and black-box models. It is
suitable to compute and forecast flash flood as well as great flood in a small basin, where
data has only rainfall and water level. It allows auto-adjusting error in computing process.
That is real advantages in compare to the black-box and conceptual models in hydrology.

Applying ANN model to simulate and forecast flash floods in the Dinh river (Binh
Thuan province), Nam La river (Son La province), Ve river (Quang Ngai province) and some
other basins showed rather good results of simulation and forecast, including independent
control forecast, with good patterns of P=85-100%.

- But, ANN also has some disadvantages:

+ If initial parameters are incompatibly chosen (The number of hidden nodes, input-
output variables), it will not give excellent results or spend much time.

+ ANN’s parameters are directly determined and adjusted through observed data,
therefore when computing for basin, which has no data can meet difficulties.

However, comparison to the models being used in hydrology nowadays, the results

of ANN is more optimistic, including independent forecasting.
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UNG DUNG MO HINH MANG THAN KINH NHAN TAO ANN TRONG
MO PHONG VA DU BAO LU QUET

Nguyén Hitu Khai
Khoa Khi tuong Thuy vdan va Hai duong hoc, Pai hoc KHTN, DHQGHN
Lé Xuan Cau

Bé Tai nguyén & Moéi truong

La quét thudng xay ra trén cac luu vic nhé, 6 d6 thudng khéng cé sé liéu dong chay,
gay nhiéu khé khan cho viéc mé6 phong va du bao. M6 hinh mang than kinh nhan tao (ANN)
la mot giai phap tot dé giai quyét van dé nay.

M6 hinh ANN cho phép lua chon va xac dinh théng s6 cia nhiéu con la cing mét lic.
N6 ciing cho phép xay dung truc tiép quan hé gilita cic nhan td giy la véi muc nude 1i ma
khong can théong qua luu lugng va cho phép tu hiéu chinh sai sd dy bao. D6 1a nhitng uu

diém ma cac mé hinh mua-dong chay hién nay khéng cé.

St dung mé hinh ANN dé mé phong va du béo kiém tra li quét cho cac luu vie séng
Dinh (tinh Binh Thuan), song Nam La (tinh Son La) va song Vé (tinh Quan Ngai) va mot so
luu vuc khac cho két qua rat kha quan, ké ca du bao kiém tra doc lap, véi muc bao dam
P=85-100%.
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