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1 05.03.2011 08:00:00 13 85 580
2 23.12.2013 08:00:00 15 80 252
3 28.12.2013 08:00:00 15 62 244
4 14.02.2014 08:00:00 20 58 506
5 11.02.2012 08:00:00 21 89 362
6 | 23.01.2013 08:00:00 21 69 494
7 11.02.2013 08:00:00 21 79 214
8 28.02.2011 08:00:00 22 58 753
9 | 21.01.2013 08:00:00 22 96 569
10 | 22.12.2013 08:00:00 23 74 261
11 | 10.01.2014 08:00:00 23 71 472
12 | 03.03.2011 08:00:00 25 70 633
13 | 27.02.2014 08:00:00 25 72 324
14 | 22.01.2012 08:00:00 26 63 239
15 | 30.01.2012 08:00:00 27 72 268
16 | 13.02.2012 08:00:00 27 78 341
17 | 24.01.2014 08:00:00 27 100 531
18 | 25.02.2014 08:00:00 27 91 496
19 | 27.02.2012 08:00:00 29 65 503

20 | 29.01.2014 08:00:00 29 64 559
21 | 17.02.2012 08:00:00 30 58 424
22 | 14.03.2012 08:00:00 30 90 451
23 | 14.01.2013 08:00:00 30 97 745
24 | 02.03.2014 08:00:00 30 63 140
25 | 22.01.2014 08:00:00 31 84 559
26 | 02.03.2011 08:00:00 32 67 669
27 | 22.02.2012 08:00:00 32 94 674
28 | 19.01.2013 08:00:00 32 78 660
29 | 10.02.2013 08:00:00 32 88 310
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30 | 06.01.2014 08:00:00 32 68 614
31 | 21.02.2014 08:00:00 32 76 627
32 | 22.01.2013 08:00:00 33 78 548
33 | 25.12.2013 08:00:00 33 58 247
34 | 17.03.2014 08:00:00 33 66 142
35 | 13.02.2014 08:00:00 34 100 537
36 | 16.03.2011 08:00:00 35 65 226
37 | 30.01.2013 08:00:00 35 100 373
38 | 13.02.2013 08:00:00 35 84 138
39 | 08.01.2014 08:00:00 35 100 522
40 | 15.02.2014 08:00:00 35 96 469
41 | 24.02.2014 08:00:00 35 76 525
42 | 26.02.2012 08:00:00 36 72 529
43 | 13.03.2012 08:00:00 36 70 508
44 | 27.12.2013 08:00:00 36 91 245
45 | 11.03.2012 08:00:00 37 83 569
46 | 20.01.2013 08:00:00 37 64 619
47 | 20.02.2012 08:00:00 38 89 756
48 | 21.01.2014 08:00:00 38 97 584
49 | 31.01.2014 08:00:00 38 92 509
50 | 08.02.2013 08:00:00 39 100 404
51 | 17.01.2014 08:00:00 39 100 471
52 | 07.02.2012 08:00:00 40 86 369
53 | 09.02.2012 08:00:00 40 78 382
54 | 19.03.2012 08:00:00 40 77 332
55 | 04.03.2011 08:00:00 41 90 610
56 | 04.02.2012 08:00:00 41 99 401
57 | 16.01.2014 08:00:00 41 99 479
58 | 07.02.2014 08:00:00 41 76 588
59 | 22.02.2014 08:00:00 41 87 561
60 | 08.02.2012 08:00:00 42 80 366
61 | 06.02.2012 08:00:00 42 90 383
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62 | 08.02.2014 08:00:00 42 94 578
63 | 10.03.2012 08:00:00 43 88 628
64 | 20.01.2014 08:00:00 43 80 625
65 | 09.02.2014 08:00:00 43 83 575
66 | 25.02.2012 08:00:00 44 80 516
67 | 09.03.2012 08:00:00 44 100 677
68 | 04.01.2014 08:00:00 44 97 419
69 | 21.01.2012 08:00:00 45 82 313
70 | 19.02.2012 08:00:00 45 69 814
71 | 29.12.2013 08:00:00 45 94 219
72 | 30.01.2014 08:00:00 45 100 529
73 | 18.02.2014 08:00:00 45 100 754
74 | 23.01.2012 08:00:00 46 69 229
75 | 21.02.2012 08:00:00 47 71 722
76 | 12.02.2013 08:00:00 47 66 180
77 | 18.03.2012 08:00:00 48 84 376
78 | 03.01.2014 08:00:00 48 100 437
79 | 06.03.2011 08:00:00 49 79 560
80 | 16.01.2013 08:00:00 49 97 691
81 | 04.02.2013 08:00:00 49 96 620
82 | 02.02.2012 08:00:00 50 64 441
83 | 08.03.2012 08:00:00 50 79 729
84 | 14.01.2014 08:00:00 50 86 513
85 | 20.02.2014 08:00:00 50 100 663
86 | 14.02.2012 08:00:00 52 83 334
87 | 01.02.2014 08:00:00 52 100 493
88 | 27.01.2012 08:00:00 53 65 271
89 | 07.03.2012 08:00:00 53 100 772
90 | 03.02.2013 08:00:00 53 100 780
91 | 12.01.2014 08:00:00 53 100 552
92 | 28.02.2012 08:00:00 54 95 457
93 | 13.01.2013 08:00:00 54 84 832
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94 | 05.02.2013 08:00:00 54 100 576
95 | 09.01.2014 08:00:00 54 90 515
96 | 12.02.2012 08:00:00 56 100 364
97 | 24.12.2013 08:00:00 58 95 256
98 | 07.01.2014 08:00:00 59 100 555
99 | 23.01.2014 08:00:00 59 100 538
100 | 06.02.2014 08:00:00 60 100 595
101 | 01.01.2014 08:00:00 61 83 512
102 | 02.03.2012 08:00:00 62 78 397
103 | 19.02.2014 08:00:00 63 100 698
104 | 19.01.2014 08:00:00 64 100 659
105 | 02.01.2014 08:00:00 65 92 464
106 | 15.01.2013 08:00:00 69 80 690
107 | 06.03.2012 08:00:00 70 94 793
108 | 29.01.2012 08:00:00 71 72 291
109 | 11.01.2013 08:00:00 72 92 794
110 | 25.01.2014 08:00:00 73 100 513
111 | 10.02.2014 08:00:00 74 100 562
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% Solve an Input-Output Fitting problem with a Neural Network

Depth = xlsread('Data',l,'A:A");
Albedo = xlsread('Data',1,'B:B');

Fractional =

xlsread('Data',1,'C:C");

inputs = [Albedo' ; Fractional'];
targets = Depth';

net.numInputs = 2;

% Create a Fitting Network
hiddenlLayerSize = 14;
net = fitnet (hiddenlLayerSize);

% Choose Input and Output Pre/Post-Processing Functions

% For a list of all processing functions type: help nnprocess
net.input.processFcns = {'removeconstantrows', 'mapminmax’'};
net.output.processFcns = {'removeconstantrows', 'mapminmax'};

% Setup Division of Data for Training, Validation, Testing

% For a list of all data division functions type: help nndivide
net.divideFcn = 'dividerand'; % Divide data randomly
net.divideMode = 'sample'; % Divide up every sample
net.divideParam.trainRatio = 70/100;

net.divideParam.valRatio = 10/100;

net.divideParam.testRatio = 20/100;

o

o

'trainlm'
'"trainbr'
'trainscg'
situations.
trainFcn = '

o° oo

o°

Choose a Training Function
For a list of all training functions type: help nntrain

is usually fastest.
takes longer but may be better for challenging problems.
uses less memory. NFTOOL falls back to this in low memory

)

trainlm'; % Levenberg-Marquardt

% Choose a Performance Function
% For a list of all performance functions type: help nnperformance

)

net.performFcn = 'mse'; % Mean squared error

% Choose Plot Functions

% For a list of all plot functions type: help nnplot

net.plotFcns = {'plotperform', 'plottrainstate', 'ploterrhist’,
'plotregression', 'plotfit'};

net.trainParam.showWindow = true;
net.trainParam.goal = 0;
net.trainParam.max fail = 50;

net.trainParam.epochs = 1000;



74 Comgas

% Train the Network
[net,tr] = train(net, inputs, targets);

% Test the Network

outputs = net (inputs);

e = gsubtract (targets,outputs);
performance = perform(net, targets,outputs)

Q

% Recalculate Training, Validation and Test Performance

trainIdx = find(~isnan(tr.trainMask{1l}));
trainTargets = targets(:,trainldx);
trainInputs = inputs(:,trainldx);
trainOutputs = outputs(:,trainlIdx);
trainErrors = trainTargets-trainOutputs;

trainPerformance = perform(net,trainTargets, trainOutputs);

valldx = find(~isnan(tr.valMask{1l}));

valTargets = targets(:,valldx);

valOutputs outputs (:,valldx);

valInputs = inputs(:,valldx);

valErrors = valTargets-valOutputs;

valPerformance = perform(net,valTargets,valOutputs):;

testIdx = find(~isnan(tr.testMask{1l}));

testTargets = targets(:,testldx);

testInputs = inputs(:,testIdx);

testOutputs = outputs(:,testlIdx);

testErrors = testTargets-testOutputs;

testPerformance = perform(net, testTargets, testOutputs);

PlotResults (trainTargets, trainOutputs, 'Train Data');
PlotResults (valTargets,valOutputs, 'Validation Data');
PlotResults (testTargets, testOutputs, 'Test Data');

o°

View the Network
view (net)

o°

o°

Plots

Uncomment these lines to enable various plots.
sfigure, plotperform(tr)

sfigure, plottrainstate(tr)

$figure, plotfit(net,x,t)

$figure, plotregression(t,y)

$figure, ploterrhist (e)

o°

% Deployment
% Change the (false) values to (true) to enable the following code
blocks.

if (false)

% Generate MATLAB function for neural network for application
deployment

% in MATLAB scripts or with MATLAB Compiler and Builder tools, or
simply

o

% to examine the calculations your trained neural network performs.



genFunction (net, 'myNeuralNetworkFunction') ;
y = myNeuralNetworkFunction (x);
end
if (false)
% Generate a matrix-only MATLAB function for neural network code
% generation with MATLAB Coder tools.
genFunction (net, 'myNeuralNetworkFunction', 'MatrixOnly', 'yes');
y = myNeuralNetworkFunction (x) ;
end
if (false)
% Generate a Simulink diagram for simulation or deployment with.
% Simulink Coder tools.
gensim(net) ;
end



Abstract

Snow is one of the important forms of precipitation at hydrological cycle of
mountainous areas. Snow packs in mountainous basins is one of the most important and
reliable water resources and hence, quantifying snowmelt has its valuable place in
hydrology. Water from snowmelt can be stored as soil moisture, recharge groundwater and
flow into rivers and lakes. Accurate prediction of snow water equivalent (SWE) quantities
and timing is essential for water management. Deficiency in available snow measurements
in mountainous basins due to lack of accessibility to few existing ground stations bold the
necessity to utilization of indirect methods e.g. remotely sensed methods for snow-related
studies. Remote sensing technology has many applications in various environmental studies
including investigating snow and ice resources. Large area coverage of RS images, easy data
acquisition at different scales and resolutions and fast processing of images using computers
are among many advantages of remote sensing science for various hydrological studies. Of
course using ground-based data with satellite images on snow surveys can increase the
efficiency of satellite data.

The present study aimed to estimate the snow depth using satellite images and artificial
neural networks (ANN) at Gachan snow station located in Ilam province. For this purpose,
111 daily snow cover MODIS product (MOD10A1) images from 2011- 2014 period were
used. MOD10A1 images were acquired from the National Snow & Ice Data Center
(www.nsidc.org) and after image processing, the input parameters of the artificial neural
network were used as input. In this study, Multilayer Perceptron (MLP) artificial neural
network was used to model the relationship between derived variables from satellite images
as its input and observed snow depth as its output. Comparing different artificial neural
network architectures, it was deduced that the artificial neural network with best
performance is a 14-neurons hidden layer. The correlation coefficient between the simulated
and observed data was calculated as 0.98 and 0.99 for training and test data sets, respectively.
With regard to acceptable performance of the artificial neural network, it can be used to
monitor and predict the depth of snow at the study area, especially when the station is broke
up and out of order. In these situations, the proposed method and trained ANN can be applied
to estimate daily snow depth using MODIS snow product.

Keywords: Remote sensing, snow depth, MODIS images, artificial neural network.
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