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A simple water balance model
The water balance

Constructing a water balance is one of the first tasks in understanding the water regime of a specific area. In simple terms, a water balance is a budgeting exercise that assesses the proportion of rainfall that becomes stream flow (or runoff), evapotranspiration, and drainage (or groundwater recharge). Figure 1 below represents a simple 'box' model representation of a water balance, which could be represented by Equation 1 (Thorntwaite et al, 1955;1957).
Eq 1
P = ET + RO + dSW + D;  where dSW is the change in soil water over the time step.

Figure 1 A conceptual water balance
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Of these, rainfall and runoff (as stream flow) are directly measured, However to close the water balance, either drainage (or groundwater recharge) or Evapotranspiration (ET) also need to be estimated/measured. Both of these are non-trivial tasks.


Water budgeting is frequently accomplished through water balance models, of which there are a vast number.

The objectives of this document and following video tutorials are:

1. To introduce the reader to a simple water balance model, namely, the Thorntwaite-Mather model, henceforth referred to as the T-M model (Thorntwaite et al, 1955;1957; Steenhuis et al, 1986);
2.  To provide the reader with the tools to construct a water balance for her/his own region of interest, with the help of video tutorials and a sample Excel spreadsheet that can be downloaded and modified.
This document is intended for general instructive purposes for an audience that has some basic knowledge of water resources and associated terminology. No advanced expertise should be needed to understand and use this tutorial.

Responsibility for conscientious and socially responsible use of this material rests solely with the reader.

Thorntwaite-Mather soil water balance model
Key Features
The T-M model tracks the soil water status through time. 
It is a lumped model that tracks soil water through time.
The entire watershed is treated as one unit (hence ‘lumped’).
Is appropriate for modeling at daily, weekly or monthly time steps.
A simple spreadsheet (e.g. Excel) model. No specialized software is required.
Model Description
Figure 2    Conceptual Model
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Figure 2 above summarizes a simple water balance model.  Water is stored in the soil reservoir until the soil water content (SW) exceeds the available water capacity (AWC), at which point the excess goes into storage (S).  The monthly streamflow is a simple linear function of S.  Determining the soil water budget requires keeping track of the accumulated potential water loss (APWL) and the amount of water in the soil (SW). 

Watershed Storage and River Discharge:

All Excess water, i.e., water above the AWC, goes into watershed storage (S), which in-turn, feeds river discharge (Qo) from the watershed.

Eq 2
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Hydrologists commonly assume that discharge is a constant fraction of watershed storage, especially for groundwater discharge into rivers – this assumption is called the linear reservoir assumption.

Eq 3
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Where f is the reservoir coefficient and 0 < f < 1.  If data are available, f can be empirically determined.

Notation

AWC  = Available Water Capacity





[depth]

(field capacity-wilting point)X(soil depth)

SW  = Available Soil Water (i.e., above wilting pt.)


[depth]

APWL = Accumulated Potential Water Loss (negative)


[depth]

P  = Net Precipitation; P - PET





[depth]

P  = Precipitation







[depth]

PET = Potential Evapotranspiration




[depth] 
AET = Actual Evapotranspiration





[depth] 

Equations

Calculations to determine SW and APWL are performed for each time step using monthly precipitation (P) and potential evapotranspiration (PET).  Excess water, i.e., net precipitation (P) in excess of the soil’s water holding capacity (AWC) leaves the soil and is stored in the watershed and eventually released to the river.  Table 1 below summarizes the calculations.

Table 1  Equations
	Situation in the Watershed
	SW
	APWL
	Excess

	Soil is drying
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	Soil is wetting
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When P>PET, AET =PET

When P<PET, AET = dSW + P





Model Input
The required model input data are:
Rainfall (P) : Accurate and local rainfall data.

Potential Evapotranspiration (PET) : Procedures to estimate PET are on the India Water Portal, with detailed procedures in Allen at al (1998), online at

http://www.fao.org/docrep/X0490E/x0490e00.htm),

Apart from the data input, the user needs to input 3 effective parameters:

Available water capacity (AWC),

Rooting depth,

Linear reservoir coefficient 'f'

The model is sensitive to the above parameters, as the video tutorial demonstrates. Knowledge of your study area helps in informing what values are entered for the above parameters.

It is recommended that the user also has observed stream flow data, to tune the model so that modeled stream flow closely matches the observed stream flow. There is substantial risk of a very incorrect water balance without this check on model output. 
Model output
The Hydrograph

Model output includes simulations of :

Stream Flow (Qo)

Actual Evapotranspiration (AET)

and

Soil Water status

Additionally, using Eq 1. an estimate of Drainage or Groundwater recharge can be made. Annual estimates of the water balance can be made based on the daily or monthly water balance. Monthly averages over several years of data are very useful in getting an idea of the long term seasonal water balance regime.
Figure 3 below demonstrates the model stream flow output, along with observed input rainfall data and observed stream flow data., for a watershed in south India. In this example, the annual proportions of rainfall were - 85% AET; 11% stream flow, and 4% groundwater recharge. 

Figure 3  Example model hydrograph with observed rainfall and flow
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As mentioned, it is very important to use local data as much as possible, and to have observed stream flow to compare with the model stream flow. In the above example, as the video tutorial explains, the rainfall is local, but the PET estimated is from coarse resolution data. Especially in mountainous areas where rainfall, as well as temperature and humidity, can be very variable, it is likely that PET estimates from coarse resolution data will be over-estimated. This is likely what is happening in Figure 2.
Seasonal Soil Water status
The output can be summarized in a very useful manner by collating it into long-term monthly averages. This allows the tracking of soil moisture status through the year, to determine periods of soil water deficit, soil water recharge, soil water utilization, and soil water surplus. These periods are described in Table 2 and demonstrated in Figure 4 below:
Table 2 : Seasonal soil water status

	Soil Water Deficit (AET<PET): mid-Nov to May in example

	Soil Water Recharge (from when P>AET until accumulated (AET-P) is replenished) : 
May to August in example

	Soil Water Surplus : Sept to December in example

	Soil Water Utilization (when P<AET) : occurs from December through April in example


Figure 4 
Monthly average soil water balance


[image: image16]
Applications and Limitations
The T-M model has the advantage of being one of the most simple models. It can be used to determine a general estimate of the water balance regime, for individual fields to small watersheds. However, as in all scientific investigation, this tutorial should be used responsibly and with a full knowledge of the user's specific study area. This model and its variants have been used, for example, for irrigation scheduling of individual fields, water budgeting of small watersheds, generating actual evapotranspiration estimates for comparison with other methods - to name a few applications.
Being a lumped model, in the form described, the T-M model does not provide spatially distributed predictions, nor does it perform flow routing routines.
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		Qn1		Available water holding capacity FC =								40.000		%

				Rooting depth (d) =				1000.000		mm

				Field capacity water content =						FC*d=		400.000		mm = Sf (field capacity storage)

				Reservoir coefficient K								0.800

				Given:

				Monthly precipitation data

				Monthly PET data

		Procedure: The monthly PET data from average of FI, Nilgiris and Mulehole PET. Monthly precip. Average of Honematti and Gundal

		The water balance on a monthly time step conducted for approx 6.5 years

		For each time step

		P		Precipitation

		PET		Potential Evapotranspiration

		WL		Potential water loss (PET-P, when PET>P)

		SM		Soil moisture

		dSM		change in soil mositure

		AET		Actual ET

		Deficit		defined when PAT>AET

		Surplus		defined when SM>Sf

		Storage		net accumulated from previous storage accounting for previous days runoff

				When P<PET, SM(t) = SM(t-1) exp(-WL/Sf)

				When P>PET, SM(t)= SM(t-1) +(P-PET)

				where WL is the Water Loss for for each time period when P<PET																				K%of surplus available for runoff each month

				When P>PET, AET =PET

				When P<PET, AET = dSM + P																				Tot. avail

		Starting with soils at field capacity in January (Flow record shows that on average, Jan-Feb is the beginning of 0 flow)

																				PET-AET				Net acc.												Annual Totals

		month		sl no		P		PET		P-PET		WL		SM		dSM		AET		Deficit		Surplus		Storage		Runoff		Detention				Actual flow				Simulated		Actual

		November-89		1		45.8		88.6																								1.8

		December-89		2		20.3		95.7																								1.7

		January-90		3		28.6		109.9		-81.3		0.0		400.0		0.0		28.6		81.3		0.0		0.0		0.0		0.0				1.2				135.3		46.2

		February-90		4		3.2		118.2		-115.1		115.1		300.0		-100.0		103.2		15.1		0.0		0.0		0.0		0.0				0.0

		March-90		5		62.5		160.2		-97.8		97.8		235.0		-65.0		127.5		32.7		0.0		0.0		0.0		0.0				0.0

		April-90		6		87.3		134.9		-47.6		47.6		208.6		-26.3		113.7		21.2		0.0		0.0		0.0		0.0				0.0

		May-90		7		246.0		120.1		125.9		0.0		334.5		125.9		120.1		0.0		0.0		0.0		0.0		0.0				0.0

		June-90		8		56.4		93.2		-36.8		36.8		305.1		-29.4		85.8		7.4		0.0		0.0		0.0		0.0				0.0

		July-90		9		87.9		87.2		0.7		0.0		305.7		0.7		87.2		0.0		0.0		0.0		0.0		0.0				0.0

		August-90		10		164.2		88.6		75.6		0.0		381.3		75.6		88.6		0.0		0.0		0.0		0.0		0.0				0.0

		September-90		11		125.1		94.5		30.6		0.0		400.0		18.7		94.5		0.0		12.0		12.0		9.6		2.4				0.0

		October-90		12		212.3		88.0		124.3		0.0		400.0		0.0		88.0		0.0		124.3		126.7		101.4		25.3				30.7

		November-90		13		87.1		88.6		-1.6		1.6		398.4		-1.6		88.6		0.0		0.0		25.3		20.3		5.1				12.2

		December-90		14		19.7		95.7		-76.0		76.0		329.5		-68.9		88.7		7.0		0.0		5.1		4.1		1.0				2.1

		January-91		15		7.2		109.9		-102.7		102.7		254.9		-74.6		81.8		28.1		0.0		1.0		0.8		0.2				1.8				532.4		292.1

		February-91		16		0.0		118.2		-118.2		118.2		189.7		-65.2		65.2		53.0		0.0		0.2		0.2		0.0				1.0

		March-91		17		0.0		160.2		-160.2		160.2		127.1		-62.6		62.6		97.6		0.0		0.0		0.0		0.0				0.0

		April-91		18		62.3		134.9		-72.6		72.6		106.0		-21.1		83.4		51.5		0.0		0.0		0.0		0.0				0.0

		May-91		19		150.1		120.1		30.0		0.0		136.0		30.0		120.1		0.0		0.0		0.0		0.0		0.0				0.0

		June-91		20		280.1		93.2		186.9		0.0		322.8		186.9		93.2		0.0		0.0		0.0		0.0		0.0				0.0

		July-91		21		149.2		87.2		62.0		0.0		384.8		62.0		87.2		0.0		0.0		0.0		0.0		0.0				14.2

		August-91		22		110.6		88.6		22.0		0.0		400.0		15.2		88.6		0.0		6.8		6.8		5.4		1.4				28.0

		September-91		23		196.2		94.5		101.7		0.0		400.0		0.0		94.5		0.0		101.7		103.0		82.4		20.6				21.8

		October-91		24		411.3		88.0		323.3		0.0		400.0		0.0		88.0		0.0		323.3		343.9		275.1		68.8				100.8

		November-91		25		195.3		88.6		106.7		0.0		400.0		0.0		88.6		0.0		106.7		175.5		140.4		35.1				107.7

		December-91		26		1.3		95.7		-94.5		94.5		315.9		-84.1		85.4		10.3		0.0		35.1		28.1		7.0				16.6

		January-92		27		0.0		109.9		-109.9		109.9		240.0		-75.9		75.9		34.0		0.0		7.0		5.6		1.4				0.0				256.2		175.5

		February-92		28		0.0		118.2		-118.2		118.2		178.6		-61.4		61.4		56.8		0.0		1.4		1.1		0.3				0.0

		March-92		29		0.0		160.2		-160.2		160.2		119.6		-58.9		58.9		101.3		0.0		0.3		0.2		0.1				1.3

		April-92		30		16.1		134.9		-118.8		118.8		88.9		-30.7		46.8		88.1		0.0		0.1		0.0		0.0				0.0

		May-92		31		99.6		120.1		-20.5		20.5		84.4		-4.4		104.1		16.1		0.0		0.0		0.0		0.0				0.0

		June-92		32		143.2		93.2		49.9		0.0		134.4		49.9		93.2		0.0		0.0		0.0		0.0		0.0				7.7

		July-92		33		191.7		87.2		104.5		0.0		238.9		104.5		87.2		0.0		0.0		0.0		0.0		0.0				4.9

		August-92		34		140.8		88.6		52.2		0.0		291.1		52.2		88.6		0.0		0.0		0.0		0.0		0.0				13.4

		September-92		35		240.2		94.5		145.7		0.0		400.0		108.9		94.5		0.0		36.8		36.8		29.5		7.4				36.2

		October-92		36		190.6		88.0		102.6		0.0		400.0		0.0		88.0		0.0		102.6		109.9		88.0		22.0				40.8

		November-92		37		203.9		88.6		115.2		0.0		400.0		0.0		88.6		0.0		115.2		137.2		109.8		27.4				57.1

		December-92		38		7.9		95.7		-87.9		87.9		321.1		-78.9		86.8		9.0		0.0		27.4		22.0		5.5				14.1

		January-93		39		0.0		109.9		-109.9		109.9		244.0		-77.2		77.2		32.8		0.0		5.5		4.4		1.1				2.7				213.3		230.2

		February-93		40		11.9		118.2		-106.4		106.4		187.0		-57.0		68.8		49.4		0.0		1.1		0.9		0.2				0.0

		March-93		41		28.7		160.2		-131.5		131.5		134.6		-52.4		81.1		79.1		0.0		0.2		0.2		0.0				2.9

		April-93		42		8.1		134.9		-126.8		126.8		98.0		-36.6		44.7		90.2		0.0		0.0		0.0		0.0				1.6

		May-93		43		169.3		120.1		49.1		0.0		147.1		49.1		120.1		0.0		0.0		0.0		0.0		0.0				2.5

		June-93		44		198.3		93.2		105.1		0.0		252.3		105.1		93.2		0.0		0.0		0.0		0.0		0.0				3.4

		July-93		45		100.0		87.2		12.8		0.0		265.1		12.8		87.2		0.0		0.0		0.0		0.0		0.0				2.4

		August-93		46		147.6		88.6		59.0		0.0		324.1		59.0		88.6		0.0		0.0		0.0		0.0		0.0				14.9

		September-93		47		158.7		94.5		64.2		0.0		388.3		64.2		94.5		0.0		0.0		0.0		0.0		0.0				30.6

		October-93		48		273.5		88.0		185.5		0.0		400.0		11.7		88.0		0.0		173.7		173.7		139.0		34.7				90.1

		November-93		49		125.7		88.6		37.0		0.0		400.0		0.0		88.6		0.0		37.0		71.8		57.4		14.4				55.6

		December-93		50		88.7		95.7		-7.1		7.1		393.0		-7.0		95.7		0.1		0.0		14.4		11.5		2.9				23.6

		January-94		51		1.3		109.9		-108.7		108.7		299.5		-93.5		94.8		15.2		0.0		2.9		2.3		0.6				5.7				283.8		167.1

		February-94		52		2.8		118.2		-115.4		115.4		224.4		-75.1		77.9		40.4		0.0		0.6		0.5		0.1				0.5

		March-94		53		16.1		160.2		-144.1		144.1		156.5		-67.9		84.0		76.2		0.0		0.1		0.1		0.0				0.4

		April-94		54		131.8		134.9		-3.1		3.1		155.3		-1.2		133.0		1.9		0.0		0.0		0.0		0.0				2.0

		May-94		55		126.2		120.1		6.1		0.0		161.4		6.1		120.1		0.0		0.0		0.0		0.0		0.0				1.0

		June-94		56		95.6		93.2		2.4		0.0		163.8		2.4		93.2		0.0		0.0		0.0		0.0		0.0				1.5

		July-94		57		215.2		87.2		128.0		0.0		291.7		128.0		87.2		0.0		0.0		0.0		0.0		0.0				3.2

		August-94		58		58.8		88.6		-29.8		29.8		270.8		-20.9		79.7		8.9		0.0		0.0		0.0		0.0				3.6

		September-94		59		191.0		94.5		96.5		0.0		367.2		96.5		94.5		0.0		0.0		0.0		0.0		0.0				1.4

		October-94		60		338.8		88.0		250.8		0.0		400.0		32.8		88.0		0.0		218.0		218.0		174.4		43.6				86.1

		November-94		61		155.9		88.6		67.3		0.0		400.0		0.0		88.6		0.0		67.3		110.9		88.7		22.2				60.5

		December-94		62		7.9		95.7		-87.9		87.9		321.1		-78.9		86.8		9.0		0.0		22.2		17.7		4.4				1.1

		January-95		63		7.0		109.9		-102.9		102.9		248.3		-72.9		79.9		30.1		0.0		4.4		3.5		0.9				2.7				194.4		125.8

		February-95		64		0.0		118.2		-118.2		118.2		184.7		-63.5		63.5		54.7		0.0		0.9		0.7		0.2				1.2

		March-95		65		11.4		160.2		-148.8		148.8		127.3		-57.4		68.8		91.4		0.0		0.2		0.1		0.0				1.3

		April-95		66		56.2		134.9		-78.7		78.7		104.6		-22.8		78.9		56.0		0.0		0.0		0.0		0.0				0.9

		May-95		67		121.4		120.1		1.2		0.0		105.8		1.2		120.1		0.0		0.0		0.0		0.0		0.0				1.7

		June-95		68		119.1		93.2		25.8		0.0		131.6		25.8		93.2		0.0		0.0		0.0		0.0		0.0				2.4

		July-95		69		260.6		87.2		173.4		0.0		305.1		173.4		87.2		0.0		0.0		0.0		0.0		0.0				22.4

		August-95		70		293.3		88.6		204.7		0.0		400.0		94.9		88.6		0.0		109.8		109.8		87.8		22.0				46.6

		September-95		71		151.6		94.5		57.1		0.0		400.0		0.0		94.5		0.0		57.1		79.1		63.3		15.8				23.9

		October-95		72		111.4		88.0		23.4		0.0		400.0		0.0		88.0		0.0		23.4		39.2		31.4		7.8				20.8

		November-95		73		51.2		88.6		-37.4		37.4		364.3		-35.7		86.9		1.7		0.0		7.8		6.3		1.6				0.3

		December-95		74		0.0		95.7		-95.7		95.7		286.8		-77.5		77.5		18.2		0.0		1.6		1.3		0.3				1.3

		January-96		75		0.0		109.9		-109.9		109.9		217.9		-68.9		68.9		41.0		0.0		0.3		0.3		0.1				0.2

		February-96		76		0.0		118.2		-118.2		118.2		162.1		-55.7		55.7		62.5		0.0		0.1		0.1		0.0				0.7

		March-96		77		11.0		160.2		-149.2		149.2		111.6		-50.5		61.4		98.8		0.0		0.0		0.0		0.0				2.6

		April-96		78		95.1		134.9		-39.8		39.8		101.0		-10.6		105.6		29.3		0.0		0.0		0.0		0.0				2.2

		May-96		79		118.0		120.1		-2.2		2.2		100.5		-0.5		118.5		1.6		0.0		0.0		0.0		0.0				0.7
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flow comparison

actual flow (mm)

modeled flow (mm)



balance_Gundal_FI_PET

		THIS BASED on worksheet "balance_3avg_PETGundal"

		Month		PET(mm)		P		AET		Actual flow		Simulated flow				sum(AET-P)

		Jan		109.9		7.4		72.4		2.0		2.8				65.1

		Feb		118.2		3.0		70.8		0.5		0.6				132.9

		March		160.2		19.8		77.8		1.2		0.1				190.9

		April		134.9		60.3		86.6		1.0		0.0				217.2

		May		120.1		152.1		117.6		0.8		0.0				182.7

		June		93.2		148.8		92.0		2.5		0.0				126.0

		July		87.2		167.4		87.2		7.9		0.0				45.7

		Aug		88.6		152.5		87.1		17.8		15.5				-19.7

		Sept		94.5		177.1		94.5		19.0		30.8				-102.3

		Oct		88.0		256.3		88.0		61.5		134.9				-270.6

		Nov		88.6		136.5		88.4		48.9		70.5				-318.8				Simulated		Actual

		Dec		95.7		20.9		86.8		9.8		14.1				-252.9				Runoff ratio		Runoff ratio

		Avg Annual		1279.3		1302.1		1049.2		172.9		269.2								20.7		13.3



Soil moisture recharge
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deficit_surplus_FI

		Qn1		Available water holding capacity FC =								30.000		%

				Rooting depth (d) =				700.000		mm

				Field capacity water content =						FC*d=		210.000		mm = Sf (field capacity storage)

				Reservoir coefficient K								0.800

				Given:

				Monthly precipitation data

				Monthly PET data

		Procedure: The monthly PET data from FI long term avg. Monthly precip. Average of Honematti and Gundal

		The water balance on a monthly time step conducted for approx 6.5 years

		Note that variables are differently named from notes in Exercise

				For each time step

				P		Precipitation

				PET		Potential Evapotranspiration

				WL		Potential water loss (PET-P, when PET>P)

				SM		Soil moisture

				dSM		change in soil mositure

				AET		Actual ET

				Deficit		defined when PAT>AET

				Surplus		defined when SM>Sf

				Storage		net accumulated from previous storage accounting for previous days runoff

				When P<PET, SM(t) = SM(t-1) exp(-WL/Sf)

				When P>PET, SM(t)= SM(t-1) +(P-PET)

				where WL is the Water Loss for for each time period when P<PET																				K%of surplus available for runoff each month

				When P>PET, AET =PET

				When P<PET, AET = dSM + P																				Tot. avail

		Starting with soils at field capacity in January (Flow record shows that on average, Jan-Feb is the beginning of 0 flow)

																				PET-AET				Net acc.												Annual Totals

		month		sl no		P		PET		P-PET		WL		SM		dSM		AET		Deficit		Surplus		Storage		Runoff		Detention				Actual flow				Simulated		Actual

		November-89		1		45.8		120.0																								1.8

		December-89		2		20.3		126.6																								1.7

		January-90		3		28.6		153.3		-124.7		0.0		210.0		0.0		28.6		124.7		0.0		0.0		0.0		0.0				1.2				16.9		46.2

		February-90		4		3.2		153.3		-150.1		150.1		102.7		-107.3		110.4		42.9		0.0		0.0		0.0		0.0				0.0

		March-90		5		62.5		186.7		-124.3		124.3		56.9		-45.9		108.3		78.4		0.0		0.0		0.0		0.0				0.0

		April-90		6		87.3		160.0		-72.7		72.7		40.2		-16.6		104.0		56.0		0.0		0.0		0.0		0.0				0.0

		May-90		7		246.0		153.3		92.7		0.0		132.9		92.7		153.3		0.0		0.0		0.0		0.0		0.0				0.0

		June-90		8		56.4		126.6		-70.2		70.2		95.2		-37.8		94.2		32.4		0.0		0.0		0.0		0.0				0.0

		July-90		9		87.9		120.0		-32.1		32.1		81.7		-13.5		101.4		18.6		0.0		0.0		0.0		0.0				0.0

		August-90		10		164.2		123.0		41.2		0.0		122.9		41.2		123.0		0.0		0.0		0.0		0.0		0.0				0.0

		September-90		11		125.1		120.0		5.1		0.0		128.0		5.1		120.0		0.0		0.0		0.0		0.0		0.0				0.0

		October-90		12		212.3		113.3		99.0		0.0		210.0		82.0		113.3		0.0		17.0		17.0		13.6		3.4				30.7

		November-90		13		87.1		120.0		-32.9		32.9		179.5		-30.5		117.5		2.5		0.0		3.4		2.7		0.7				12.2

		December-90		14		19.7		126.6		-106.9		106.9		107.9		-71.6		91.3		35.3		0.0		0.7		0.5		0.1				2.1

		January-91		15		7.2		153.3		-146.1		146.1		53.8		-54.1		61.3		92.0		0.0		0.1		0.1		0.0				1.8				412.6		292.1

		February-91		16		0.0		153.3		-153.3		153.3		25.9		-27.9		27.9		125.4		0.0		0.0		0.0		0.0				1.0

		March-91		17		0.0		186.7		-186.7		186.7		10.7		-15.3		15.3		171.4		0.0		0.0		0.0		0.0				0.0

		April-91		18		62.3		160.0		-97.7		97.7		6.7		-4.0		66.3		93.7		0.0		0.0		0.0		0.0				0.0

		May-91		19		150.1		153.3		-3.2		3.2		6.6		-0.1		150.2		3.1		0.0		0.0		0.0		0.0				0.0

		June-91		20		280.1		126.6		153.5		0.0		160.1		153.5		126.6		0.0		0.0		0.0		0.0		0.0				0.0

		July-91		21		149.2		120.0		29.2		0.0		189.3		29.2		120.0		0.0		0.0		0.0		0.0		0.0				14.2

		August-91		22		110.6		123.0		-12.4		12.4		178.4		-10.9		121.4		1.6		0.0		0.0		0.0		0.0				28.0

		September-91		23		196.2		120.0		76.2		0.0		210.0		31.6		120.0		0.0		44.6		44.6		35.7		8.9				21.8

		October-91		24		411.3		113.3		298.0		0.0		210.0		0.0		113.3		0.0		298.0		306.9		245.5		61.4				100.8

		November-91		25		195.3		120.0		75.3		0.0		210.0		0.0		120.0		0.0		75.3		136.7		109.4		27.3				107.7

		December-91		26		1.3		126.6		-125.3		125.3		115.6		-94.4		95.7		30.9		0.0		27.3		21.9		5.5				16.6

		January-92		27		0.0		153.3		-153.3		153.3		55.7		-59.9		59.9		93.4		0.0		5.5		4.4		1.1				0.0				183.2		175.5

		February-92		28		0.0		153.3		-153.3		153.3		26.9		-28.9		28.9		124.4		0.0		1.1		0.9		0.2				0.0

		March-92		29		0.0		186.7		-186.7		186.7		11.0		-15.8		15.8		170.9		0.0		0.2		0.2		0.0				1.3

		April-92		30		16.1		160.0		-143.9		143.9		5.6		-5.5		21.5		138.5		0.0		0.0		0.0		0.0				0.0

		May-92		31		99.6		153.3		-53.7		53.7		4.3		-1.3		100.9		52.4		0.0		0.0		0.0		0.0				0.0

		June-92		32		143.2		126.6		16.6		0.0		20.9		16.6		126.6		0.0		0.0		0.0		0.0		0.0				7.7

		July-92		33		191.7		120.0		71.7		0.0		92.6		71.7		120.0		0.0		0.0		0.0		0.0		0.0				4.9

		August-92		34		140.8		123.0		17.8		0.0		110.4		17.8		123.0		0.0		0.0		0.0		0.0		0.0				13.4

		September-92		35		240.2		120.0		120.2		0.0		210.0		99.6		120.0		0.0		20.6		20.6		16.5		4.1				36.2

		October-92		36		190.6		113.3		77.3		0.0		210.0		0.0		113.3		0.0		77.3		81.4		65.1		16.3				40.8

		November-92		37		203.9		120.0		83.9		0.0		210.0		0.0		120.0		0.0		83.9		100.1		80.1		20.0				57.1

		December-92		38		7.9		126.6		-118.7		118.7		119.3		-90.7		98.6		28.0		0.0		20.0		16.0		4.0				14.1

		January-93		39		0.0		153.3		-153.3		153.3		57.5		-61.8		61.8		91.5		0.0		4.0		3.2		0.8				2.7				107.9		230.2

		February-93		40		11.9		153.3		-141.4		141.4		29.3		-28.2		40.0		113.3		0.0		0.8		0.6		0.2				0.0

		March-93		41		28.7		186.7		-158.0		158.0		13.8		-15.5		44.2		142.5		0.0		0.2		0.1		0.0				2.9

		April-93		42		8.1		160.0		-151.9		151.9		6.7		-7.1		15.2		144.8		0.0		0.0		0.0		0.0				1.6

		May-93		43		169.3		153.3		16.0		0.0		22.7		16.0		153.3		0.0		0.0		0.0		0.0		0.0				2.5

		June-93		44		198.3		126.6		71.7		0.0		94.4		71.7		126.6		0.0		0.0		0.0		0.0		0.0				3.4

		July-93		45		100.0		120.0		-20.0		20.0		85.8		-8.6		108.6		11.4		0.0		0.0		0.0		0.0				2.4

		August-93		46		147.6		123.0		24.6		0.0		110.4		24.6		123.0		0.0		0.0		0.0		0.0		0.0				14.9

		September-93		47		158.7		120.0		38.7		0.0		149.1		38.7		120.0		0.0		0.0		0.0		0.0		0.0				30.6

		October-93		48		273.5		113.3		160.2		0.0		210.0		60.9		113.3		0.0		99.2		99.2		79.4		19.8				90.1

		November-93		49		125.7		120.0		5.7		0.0		210.0		0.0		120.0		0.0		5.7		25.5		20.4		5.1				55.6

		December-93		50		88.7		126.6		-37.9		37.9		175.3		-34.7		123.4		3.2		0.0		5.1		4.1		1.0				23.6

		January-94		51		1.3		153.3		-152.0		152.0		85.0		-90.3		91.6		61.7		0.0		1.0		0.8		0.2				5.7				199.7		167.1

		February-94		52		2.8		153.3		-150.5		150.5		41.5		-43.5		46.3		107.0		0.0		0.2		0.2		0.0				0.5

		March-94		53		16.1		186.7		-170.6		170.6		18.4		-23.1		39.2		147.5		0.0		0.0		0.0		0.0				0.4

		April-94		54		131.8		160.0		-28.2		28.2		16.1		-2.3		134.1		25.9		0.0		0.0		0.0		0.0				2.0

		May-94		55		126.2		153.3		-27.1		27.1		14.2		-2.0		128.1		25.2		0.0		0.0		0.0		0.0				1.0

		June-94		56		95.6		126.6		-31.0		31.0		12.2		-1.9		97.6		29.0		0.0		0.0		0.0		0.0				1.5

		July-94		57		215.2		120.0		95.2		0.0		107.4		95.2		120.0		0.0		0.0		0.0		0.0		0.0				3.2

		August-94		58		58.8		123.0		-64.2		64.2		79.1		-28.3		87.1		35.9		0.0		0.0		0.0		0.0				3.6

		September-94		59		191.0		120.0		71.0		0.0		150.0		71.0		120.0		0.0		0.0		0.0		0.0		0.0				1.4

		October-94		60		338.8		113.3		225.5		0.0		210.0		60.0		113.3		0.0		165.6		165.6		132.4		33.1				86.1

		November-94		61		155.9		120.0		35.9		0.0		210.0		0.0		120.0		0.0		35.9		69.0		55.2		13.8				60.5

		December-94		62		7.9		126.6		-118.7		118.7		119.3		-90.7		98.6		28.0		0.0		13.8		11.0		2.8				1.1

		January-95		63		7.0		153.3		-146.3		146.3		59.4		-59.9		66.9		86.4		0.0		2.8		2.2		0.6				2.7				141.5		125.8

		February-95		64		0.0		153.3		-153.3		153.3		28.6		-30.8		30.8		122.5		0.0		0.6		0.4		0.1				1.2

		March-95		65		11.4		186.7		-175.3		175.3		12.4		-16.2		27.6		159.1		0.0		0.1		0.1		0.0				1.3

		April-95		66		56.2		160.0		-103.8		103.8		7.6		-4.8		61.0		99.0		0.0		0.0		0.0		0.0				0.9

		May-95		67		121.4		153.3		-31.9		31.9		6.5		-1.1		122.4		30.9		0.0		0.0		0.0		0.0				1.7

		June-95		68		119.1		126.6		-7.5		7.5		6.3		-0.2		119.3		7.3		0.0		0.0		0.0		0.0				2.4

		July-95		69		260.6		120.0		140.6		0.0		146.9		140.6		120.0		0.0		0.0		0.0		0.0		0.0				22.4

		August-95		70		293.3		123.0		170.3		0.0		210.0		63.1		123.0		0.0		107.2		107.2		85.8		21.4				46.6

		September-95		71		151.6		120.0		31.6		0.0		210.0		0.0		120.0		0.0		31.6		53.1		42.5		10.6				23.9

		October-95		72		111.4		113.3		-1.9		1.9		208.1		-1.9		113.3		0.0		0.0		10.6		8.5		2.1				20.8

		November-95		73		51.2		120.0		-68.8		68.8		150.0		-58.1		109.3		10.7		0.0		2.1		1.7		0.4				0.3

		December-95		74		0.0		126.6		-126.6		126.6		82.1		-67.9		67.9		58.7		0.0		0.4		0.3		0.1				1.3

		January-96		75		0.0		153.3		-153.3		153.3		39.6		-42.5		42.5		110.8		0.0		0.1		0.1		0.0				0.2

		February-96		76		0.0		153.3		-153.3		153.3		19.1		-20.5		20.5		132.8		0.0		0.0		0.0		0.0				0.7

		March-96		77		11.0		186.7		-175.7		175.7		8.3		-10.8		21.8		164.9		0.0		0.0		0.0		0.0				2.6

		April-96		78		95.1		160.0		-64.9		64.9		6.1		-2.2		97.3		62.7		0.0		0.0		0.0		0.0				2.2

		May-96		79		118.0		153.3		-35.3		35.3		5.1		-0.9		118.9		34.4		0.0		0.0		0.0		0.0				0.7



Water deficit

Water surplus

Soil moisture utilization

Soil moisture recharge



deficit_surplus_FI

		32813		66

		32843		77.5

		32874		83.7		28.63		0

		32905		89.6		80.9010220037		0

		32933		155		129.0183103914		0

		32964		135		116.0579057904		0

		32994		124		124		0

		33025		77.5		74.3344103994		0

		33055		68.2		68.2		0

		33086		63		63		41.5346811321

		33117		69		69		53.2069362264

		33147		68.2		68.2		125.9453872453

		33178		66		66		42.0530774491

		33208		77.5		73.5240873769		8.4106154898

		33239		83.7		67.478009191		1.682123098

		33270		89.6		57.3914371236		0.3364246196

		33298		155		73.4330287338		0.0672849239

		33329		135		88.1086657371		0.0134569848

		33359		124		124		0.002691397

		33390		77.5		77.5		0.0005382794

		33420		68.2		68.2		31.2519251259

		33451		63		63		44.2983850252

		33482		69		69		110.599677005

		33512		68.2		68.2		296.611935401

		33543		66		66		162.7743870802

		33573		77.5		70.6764923513		32.554877416

		33604		83.7		62.4185627253		6.5109754832

		33635		89.6		53.8186527875		1.3021950966

		33664		155		68.8616085366		0.2604390193

		33695		135		53.4908598214		0.0520878039

		33725		124		106.0141036598		0.0104175608

		33756		77.5		77.5		0.0020835122

		33786		68.2		68.2		0.0004167024

		33817		63		63		0.0000833405

		33848		69		69		111.9237927627

		33878		68.2		68.2		120.2887585525

		33909		66		66		134.3417517105

		33939		77.5		71.7772477026		26.8683503421

		33970		83.7		63.4578058801		5.3736700684

		34001		89.6		60.0208703382		1.0747340137

		34029		155		89.4586419805		0.2149468027

		34060		135		52.5889276715		0.0429893605

		34090		124		124		0.0085978721

		34121		77.5		77.5		0.0017195744

		34151		68.2		68.2		0.0003439149

		34182		63		63		1.3492739246

		34213		69		69		72.0258547849

		34243		68.2		68.2		178.605170957

		34274		66		66		83.4530341914

		34304		77.5		77.5		25.6306068383

		34335		83.7		75.7611835636		5.1261213677

		34366		89.6		66.2952899408		1.0252242735

		34394		155		92.9604238989		0.2050448547

		34425		135		133.2589703698		0.0410089709

		34455		124		124		0.0082017942

		34486		77.5		77.5		0.0016403588

		34516		68.2		68.2		0.0003280718

		34547		63		62.4660333002		0.0000656144

		34578		69		69		55.3664922642

		34608		68.2		68.2		227.5652984528

		34639		66		66		117.4570596906

		34669		77.5		71.7772477026		23.4914119381

		34700		83.7		65.6400185245		4.6982823876

		34731		89.6		55.6785577474		0.9396564775

		34759		155		78.271378586		0.1879312955

		34790		135		83.8636352856		0.0375862591

		34820		124		122.1999079833		0.0075172518

		34851		77.5		77.5		0.0015034504

		34881		68.2		68.2		0.0003006901

		34912		63		63		152.5114634745

		34943		69		69		96.6022926949

		34973		68.2		68.2		53.868458539

		35004		66		65.7311779949		10.7736917078

		35034		77.5		67.9029225055		2.1547383416

		35065		83.7		59.9673477972		0.4309476683

		35096		89.6		51.705161554		0.0861895337

		35125		155		73.2312136167		0.0172379067

		35156		135		108.7151384096		0.0034475813

		35186		124		119.9220307364		0.0006895163



Precip(cm)

PET(cm)

AET(cm)

Runoff(cm)

date

P,PET,AET,Runoff (cm)

Qn1 Water balance (april 15 '97-april 14 '98)

45.8

20.3

28.63

3.175

62.45

87.33

245.99

56.42

87.87

164.195

125.125

212.33

87.08

19.745

7.235

0

0

62.335

150.1

280.115

149.17

110.56

196.175

411.315

195.315

1.27

0

0

0

16.07

99.625

143.165

191.7

140.845

240.21

190.58

203.855

7.875

0

11.87

28.66

8.085

169.255

198.345

100.04

147.56

158.695

273.45

125.665

88.675

1.27

2.795

16.09

131.77

126.185

95.63

215.155

58.805

190.95

338.815

155.93

7.875

6.985

0

11.37

56.16

121.365

119.06

260.64

293.315

151.625

111.385

51.245

0

0

0

10.955

95.065

117.98



		



Actual flow

simulated flow

rain

flow (mm)

rain (mm)



		



flow comparison

actual flow (mm)

modeled flow (mm)



		THIS BASED on worksheet "balance_Gundal_FI_PET"

		Month		PET(mm)		P		AET		Actual flow		Simulated flow				sum(AET-P)

		Jan		153.3		7.4		61.7		2.3		1.8				54.3

		Feb		153.3		3.0		47.4		0.5		0.4				98.7

		March		186.7		19.8		41.7		1.0		0.1				120.7

		April		160.0		60.3		67.0		0.8		0.0				127.4

		May		153.3		152.1		134.7		0.9		0.0				110.1

		June		126.6		148.8		115.1		2.5		0.0				76.4

		July		120.0		167.4		115.0		7.9		0.0				24.0

		Aug		123.0		152.5		116.8		17.8		14.3				-11.8

		Sept		120.0		177.1		120.0		19.0		15.8				-68.9

		Oct		113.3		256.3		113.3		61.5		90.8				-212.0

		Nov		120.0		136.5		117.8		48.9		44.9				-230.7				Simulated		Actual

		Dec		126.6		20.9		95.9		9.8		9.0				-155.7				runoff ratio		runoff ratio

		Avg. Annual		1656.1		1302.1		1146.4		172.8		177.0								13.6		13.3

												deP+SMt-1

												0		0		0
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Water deficit

Soil moisture recharge

Water surplus

Soil moisture utilization


_1098519254.unknown

_1098519413.unknown

_1098519520.unknown

_1098519305.unknown

_1098519228.unknown

_1078639541.unknown

_1098519180.unknown

_1078632439.unknown

_1078632684.unknown

