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1. INTRODUCTION 

There are numerous studies on the assessment of runoff in a 
river catchment using universally accepted Thornthwaite 
equation for the quick and correct prediction of runoff [1], 
[2], because this method is implicitly based on water 
balance equation and simple to use with universally 
available statistics of two hydro-meteorological parameters, 
namely, precipitation and temperature. 
 
In India especially in the most-humid areas where 
‘saturation excess’ processes of runoff generation are more 
prevalent rather than ‘infiltration’ processes in the monsoon 
dominated hydrologic regime [3], there is a need of testing 
the validity of Thornthwaite-Mather [T-M] procedure to 
assess the runoff in such high rainfall conditions. There are 
other methods than T-M procedure used for the assessment 
of reference ET not only in Indian conditions but across the 
world. In this regard, Indian references are important to 
compare the suitability of these methods. For example, 
Mishra, et al. [4] used T-M method for tropical regions of 
the country. Meshram, et al. [5] used other methods and 
found suitability of FAO Penman-Monteith method, while 
Lenka, et al. [6] tested the validity of different methods like 
Blaney-Criddle [7], Hamon method [8], Hargreaves and 
Samani [9], Papadakis [10], FAO Penman-Monteith [11] 
that have different bases of PET calculation for the 
prediction of reference ET. It is argued and found that T-M 
procedure of the assessment of PET is simpler than the 
other methods because it is water balance based equation 
that is more appropriate to analyze the hydrologic cycle 
while the other methods are based on atmospheric energy 
parameters. Such other methods may be useful for the study 
of meteorological phenomena rather than hydrological 
regime of a river catchment.  
 
For the purpose, present paper examines the daily runoff 
trend and its associated factors and also evaluates the 
significance of the application of T-M procedure taking into 
account Dikrong river catchment of about 1,556 sq km area 

 
 

of which more that 80% is under the hill topography with an 
average annual rainfall of 3,294mm. 

1.1 Study Area 

Dikrong river catchment is located in the foot-hills of 
Arunachal Himalayas between 26˚55΄N to 27˚22΄N 
latitudes and 93˚13΄E to 94˚0΄E longitudes with its 
transitional characteristics of its location as it falls under 
Inter Tropical Convergence Zone [ITCZ] where climate is 
monsoonal in this part of Asian region [Fig.-1]. Being its 
location in the loop of Eastern Himalayas, it is more humid 
and has different hydrological characteristics than the other 
parts of North-East Region of the Country. The length of 
the main river is recorded 145 km with an average slope of 
5-15% with the perimeter of 264 km. Topographically, hill 
slopes are steep covering a area of about 61.54% with its 
narrow flat valleys located in the upper parts of the river 
catchment. Such topography helps in accelerating the 
saturation processes and fast flow while the lower part is 
gentle plain accommodating about a quarter part of the 
catchment [27.01%] with sediment deposition [Fig.-2]. 
 

 
Fig.-1: Location of the Dikrong river catchment 
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Abbreviations: Slope in percent; 1= Very Gentle (2- 4), 2= 
Gentle (4-10), 3= Moderate (10-20), 4= Moderately Steep 
(20-35), 5= Steep (35-60), 6= Very Steep (60-100), 7= 
Most Steep (100-175), 8= Extremely Steep (above 175). 
 
Fig-2: Slope Variations in the Dikrong River Catchment 
 
Land use/ land cover pattern of Dikrong river catchment is 
dominated by forest [75% areas are under dense and open 
forests] in the upper parts and agricultural and abandoned 
land [12% of total area] in the lower parts of the catchment. 
In such land surface conditions, the runoff has peculiar 
trend to develop erratic floods in the lower parts of river 
catchment. Soils are fine loamy and coarse silty which have 
high faction of sand helping in retaining more water to 
regulate runoff. As a result, runoff has also been recorded in 
the dry weather of winter seasons in spite of less rainfall 
and moderate PET conditions [Fig.-3]. 
 

 
Fig.-3: Normal water balance for Dikrong river catchment 
 
2. METHODS AND MATERIALS  

 
Of course, there are various methods of assessing the 
reference evapotranspiration [ET0] mainly classical method 
forwarded by Blaney-Criddle establishing relation of day 
time duration with temperature, Hamon method that is 
based on water vapor density in the environment, 
Hargreaves and Samani on radiation balance and 
temperature variation, and Papadakis method which is 
saturation deficit based [12], [13], [14]. Such methods are 
largely dependent on field observations used for different 
environmental conditions. The PET calculation by T-M 
procedure which is first introduced by Thornthwaite [15] 
and, later on, Thornthwaite and Mather [16] with its 

notebook procedure has been used by many geographers 
[17], meteorologists and climatologists [18], and found its 
suitability especially for the monsoon based hydrologic 
regime.  In this method, temperature- based heat index, i.e., 
i= [T0c/5]1.514 with a location specific correction factor of 
unadjusted PET is used for the assessment of soil moisture 
and runoff variability over time. In order to compare daily 
runoff with other parameters of water balance equation [P= 
RO+PET+∆ST, where RO= Runoff, P= Precipitation, 
PET= Potential Evapotranspiration and ∆ST= Changes in 
soil moisture], the T-M procedure is used. In order to make 
data standard, daily statistics of temperature and rainfall for 
three consecutive years [2004-2006], its average figures 
were used for Itanagar station [that is centrally located in 
the study area]. The concerned statistics were collected 
from the Rural Works Department, Government of 
Arunachal Pradesh, Itanagar. While daily discharge 
statistics of the same period of time were collected from the 
Water Resource Department, Government of Assam, 
Guwahati for Sisapather gauge station [that is at the mouth 
of river catchment]. Calculations of daily soil moisture 
availability and runoff were made to set the water holding 
capacity of 200 mm as specified by NBSS & LUP, Jorhat 
[19] with adopting standard procedure of water retention 
capacity analysis. 
 
3. RESULTS AND DISCUSSION 

Of course, rainfall-runoff relationship always becomes 
positive with its strong degree though with Curve Number 
[CN] method was adopted by USDA [20] to evaluate the 
effect of land cover/land use and soil types on runoff. 
Similarly, this relationship is significantly strong [r=0.996] 
with its regression gradient of slightly lesser than unity [1:1 
relationship shows CN=100 in the situation that there is no 
effect of land use and soil on runoff generation in the river 
catchment] as b=0.925 [Fig.-4]. The rainfall-runoff ratio is 
therefore calculated 0.5624 for Dikrong river catchment. It 
means 56.24 % rainfall becomes runoff in this catchment 
and shows the effect of surface condition [slope, soil and 
land use] on runoff processes. Runoff regression equation 
shows interestingly that daily rainfall below 1.24 mm does 
not produce any runoff in this area as [a= -1.242] that is 
indicative of the origin of runoff. Such runoff production 
level in the river catchment clearly shows that there is 
production of runoff during winter season varying from 
4.80mm per day in November to 4.24mm in January 
[Fig.-5]. Runoff of about 4.47mm daily was observed in 
these days due to sub-surface flow, while its amount is 
influenced by soil and land use factors. Concentration 
period of two days to reach the runoff at mouth is also 
factor which shifts the runoff trend. 

 
Rainfall does not correspond much to PET because PET is 
more associated with temperature variation. The 
relationship between them is too week [r=0.475] to draw 
some conclusions. However, the degree of fluctuation of 
rainfall is observed much higher   [CV=124.78%] than PET 
[CV=47.9 %] [Table-1]. 
 
In the event of increasing rainfall-intensity with wet 
antecedent moisture conditions, the rainfall-runoff ratio 
becomes higher that produces more discharge in the month 
of late June to August. There are fast changes in soil 
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moisture conditions during the dry winter season when 
rainfall is occasional that infiltrates its total amount and 
fluctuates soil moisture availability. The summer does not 
have much change in antecedent soil moisture conditions. 
They are fully saturated and generate more surface and 
subsurface runoff. 
 

 
Fig.-4: The relationship between daily rainfall and daily RO 
 

 
Fig.-5: Daily trends rainfall and observed RO 

 
Table-1: Daily Mean, Standard Deviation and Coefficient 
of Variation of Hydrologic Parameters 

Parameters 
Daily 
Mean 

Standard 
Deviation 

Coefficient 
of 

Variation 
(%) 

Mean daily 
Temperature (T0 C) 22.57 4.19 18.58
Rainfall (mm) 14.44 18.02 124.78
Heat Index (unit less) 9.92 2.72 27.38
PET (mm) 3.12 1.49 47.96
AE (mm) 2.33 1.98 84.85
Runoff (mm) 8.12 16.75 138.1
Runoff Ratio (%) 56.24 - -
 
A total runoff is predicted 4,426mm annually with its 
rainfall-runoff ratio of 0.8398 that deviates 27.74 % from 
observed runoff. Comparing observed with predicted 

runoff over time, it is obvious to highlight that at the time of 
high rainfall intensity during the wet monsoon season, T-M 
Procedure made over estimation of runoff trend and it was 
under-estimated during the dry winters.  On the whole, the 
annual prediction of RO is over estimated as it predicts 
higher rainfall-runoff ratio. However, the trend of observed 
runoff is found much smoother than predicted one [Fig.-6] 
as the main features of such trends are given below. 

i. Increasing rainfall increases fluctuation in runoff. For 
example, the month of July and August [peak 
monsoon season] has its very high fluctuation. 

ii. On account of over estimation of runoff by T-M 
method, the error term in distribution becomes too 
high that reduces the significance level with low 
degree of determinant [R2=0.306] [Fig.-7]. 

iii. There is fast fluctuation in the soil moisture 
availability during winter season when there is an 
occasional rain. But on the other hand, PET trend 
is quite smooth, increases gradually during 
pre-monsoon months [April-May], becomes flat 
during monsoon period and again fall down during 
the post-monsoon period. PET follows the 
temperature variation rather than rainfall trend 
[Fig.-8]. 

iv. The ratio of rainfall-runoff recorded very high during 
the monsoon period because of the fully saturated 
soil and its wet antecedent soil moisture 
conditions. 
 

 
Fig.-6: Daily trends of observed and predicted runoff 
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Fig.-7: The relationship between daily observed and 
predicted RO 
 

 

 
Fig.-8: Trends of daily A. Changes in Soil Moisture, B. 
Potential Evapotranspiration 
 
 CONCLUSION 
In the specific high humid conditions of landforms in the 
foot-hills of Arunachal Himalayas, where temperature 
varies from 100-350C during the hydrologic regime of 
monsoon climate, there are some general conclusions 
regarding  the trend of daily RO. Daily RO is not so smooth 
in this region  as it happens in the sub-tropical region of the 
world. Dry winters have one-third discharge conditions in 
the river catchments when rainfall was recorded very low. 
On the other hand, the amount of RO is concentrated during 
the monsoon season when more that 80% rain is 
precipitated. There are some specific findings inferred from 
the present analysis: 

a.  No doubt, T-M procedure is simple to use with 
available parametric statistics of meteorological 
phenomena. However, it fails to predict correctly 
the PET as well as RO parameters for this region 
of high humidity. 

b. T-M procedure estimate more fluctuation in daily 
predicted RO phenomena than the observed one. 

c. It over estimate the RO at high rainfall intensity. 
 

4. REFERENCES 

[1] Tadesse N, “Surface Water Potential of the Hantebel 
Basin, Tigray, Northern Ethiopia,” Agri. Engi. Int. 
CIGR Ejournal, Vol. 8, 2006, pp. 1-31.  

[2] Strzepek KM, Yates DN and Quosy DENE, 
“Vulnerability assessment of water resources in Egypt 

to climatic changes in the Nile Basin,” Climate 
Research, Vol. 6, 1996, pp. 89-95.  

[3] Singh S and Syiemlieh HJ, “Prediction of runoff in the 
Um-U-Lah catchment of extremely humid area of 
Cherrapunjii, India,” Geographia Polonica, Vol. 82 No. 
2, 2011, pp. 127-139. 

[4] Mishra SK, SArkar R, Dutta S and Panigrahy S, “A 
physically hydrological model for paddy agriculture 
dominated hill watershed in tropical region,” Journal 
of Hydrology, Vol. 357, 2008. Pp. 389-404. 

[5] Meshram DT, Mittal HK, Gorantiwar SD and Purohit 
RC, “Reference crop evapotranspiration of western 
part of Maharashtra, India,” Indian J. Soil Cons., Vol. 
38 No. 2, 2010, pp. 80-85. 

[6] Lenka NK, Panda RK, Sudhishri S and Dass A, 
“Comparison of some empirical methods for 
estimating of ET0 in high lands of Eastern Ghats of 
Orissa,” Indian J. Soil Cons., Vol. 37 No. 1, 2009, pp. 
22-25. 

[7] Blaney HF and Criddle WD, “Evaporation from free 
water surface at high altitudes,” Trans. ASCE., Vol. 
123, 1962, pp. 243-265. 

[8] Hamon WR, “Estimating potential 
evapotranspiration,” Journal of Hydraulics Division, 
Proceedings of the American Society of Civil 
Engineers Vol. 871, 1961, pp. 107–120. 

[9] Hargreaves GH, and Samani ZA, “Reference crop 
evapotranspiration from temperature,” Trans. ASAE, 
Vol 1 No. 2, 1985, pp. 96-99. 

[10] Papadakis J, “Climate of the World and their 
Potentialities,” A. V. Cordoba 4564, Buenos Aires, 
Argentina, 1975, pp. 5-6. 

[11] Beven K, “A sensitivity analysis of Penman-Monteith 
evapotranspiration estimates,” Journal of Hydrology, 
Vol. 44, 1979, pp. 169-190. 

[12] Xu, CY and Singh VP, (2001): “Evaluation and 
generalization of temperature-based methods for 
calculating evaporation,” Hydrol. Process, Vol. 15, 
2001, pp. 305–319. 

[13] Loukas A, Vasiliades L and Mpastrogiannis N, “ Water 
balance model for the evaluation of surface water 
resources, in Proc. 8th Int. Conf. on Environmental and 
Technology, 2003, pp. 492-499. 

[14]  Bautista F, Bautista D and Carranza CD, “Calibration 
of the equations of Hargreaves and Thornthwaite to 
estimate the potential evapotranspiration in semi-arid 
and subhumid tropical climates for regional 
applications,” Atmósfera, Vol. 22 No. 4, 2009, pp. 
331-348. 

[15] Thornthwaite CW, “An approach towards a rational 
classification of Climate,” Geogr. Rev., Vol. 38 No. 1, 
1948, pp. 55-94. 

[16] Thornthwaite CW and Mather JR, “Instructions and 
Tables for Computing Potential Evapotranspiration 
and Water Balance,” Publications in Climatology, Vol. 
X No. 3, Drexel Institute of Technology, Centertown, 
New Jersey, 1957, pp. 185-204. 

[17] Soja R, Starkel L and Singh S, “Water Circulation and 
Availability of Water,” Land Degradation and 
Ecorestoration in the Extremely Wet Monsoon 
Environment of Cherrapunji Area, India, 1st ed., Singh 
S, Starkel L and Syiemlieh HJ Eds. Bookwell, New 
Delhi, 2010, pp. 30-50. 



Int. J. of GEOMATE, Dec., 2012, Vol. 3, No. 2 (Sl. No. 6), pp. 397- 401 
 

401 
 

 

[18] Subrahmanyam, VP, “Water balance approach to the 
study of aridity and droughts with special reference to 
India,” in Proc. of the Hamburg Workshop, 1983, pub. 
No. 148, pp. 125-135. 

[19] NBSS and LUP, “The Soils of Arunachal Pradesh,” at   
R.F. 1: 250,000, prepared for Government of 
Arunachal Pradesh, Itanagar by the National Bureau of 
Soil Survey and Land Use Mapping, Regional Centre, 
Jorhat, 1993. 

[20] USDA- Soil Conservation Service, Hydrology: 
National Engineering Handbook, Washington DC, 
1972, Section 4. 

 
 
 
 
 
 
 
 

International Journal of GEOMATE,  Dec., 2012, Vol. 3, 
No. 2 (Sl. No. 6), pp.397- 401. 
MS No. 2143 received June 27, 2012, and reviewed under 
GEOMATE publication policies.  
Copyright © 2012, International Journal of GEOMATE. 
All rights reserved, including the making of copies unless 
permission is obtained from the copyright proprietors. 
Pertinent discussion including authors’ closure, if any, will 
be published in the Dec. 2013 if the discussion is received 
by June, 2013. 
Corresponding Author: Md. Eahya Al Huda 


