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I. DNDC OVERVIEW

1. Introduction

The DNDC model is a general model of carbon (C) and nitrogen (N)
biogeochemistry in agricultural ecosystems. This document describes how to use the PC
Windows versions of the DNDC model for predicting C sequestration, trace gas
emissions, crop yield, and N leaching in the agroecosystems. Part | gives a brief
description of the model structure and the scientific basis for the model. Part Il tells how
to install the software, run the model, and look at results. Part 111 demonstrates how to
run the site version of DNDC step-by-step. Part IV explains how to run DNDC at
regional scale. A list of relevant publications of DNDC is included in Part V. These
publications describe the DNDC model and its applications in detail.

DNDC9.1 can run in two modes: site or regional. Based on the mode selected, a
proper interface will be loaded to process the corresponding input data. This version has
been calibrated and validated at site scale against numerous field data sets measured in
temperate and tropical agro-ecosystems. This version may not produce proper results if
applied to non-agricultural areas.

2. DNDC Model Description

The Denitrification-Decomposition (DNDC) model is a process-oriented
computer simulation model of soil carbon and nitrogen biogeochemistry. The model
consists of two components. The first component, consisting of the soil climate, crop
growth and decomposition sub-models, predicts soil temperature, moisture, pH, redox
potential (Eh) and substrate concentration profiles driven by ecological drivers (e.g.,
climate, soil, vegetation and anthropogenic activity). The second component, consisting
of the nitrification, denitrification and fermentation sub-models, predicts NO, N,O, No,
CH, and NHj5 fluxes based on the modeled soil environmental factors. Classical laws of
physics, chemistry and biology, as well as empirical equations generated from laboratory
studies, have been employed in the model to parameterize each specific geochemical or
biochemical reaction. The entire model forms a bridge between C and N biogeochemical
cycles and the basic ecological drivers (Figure 1).

In DNDC, soil organic carbon (SOC) resides in four major pools: plant residue
(i.e., litter), microbial biomass, humads (i.e., active humus), and passive humus. Each
pool consists of two or three sub-pools with different specific decomposition rates. Daily
decomposition rate for each sub-pool is regulated by the pool size, the specific
decomposition rate, soil clay content, N availability, soil temperature, and soil moisture.
When SOC in a pool decomposes, the decomposed carbon is partially allocated into other
SOC pools, and partially lost as CO,. Dissolved organic carbon (DOC) is produced as an
intermediate during decomposition, and can be immediately consumed by the soil
microbes. During the processes of SOC decomposition, the decomposed organic



nitrogen partially transfers to next organic matter pool and is partially mineralized to
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Figure 1. Structure of the DNDC model.

ammonium (NH,"), which is then subject to nitrification. The free ammonium

concentration is in equilibrium with both clay-adsorbed NH," and dissolved ammonia
(NHs). Volatilization of NH; to the atmosphere is controlled by NH; concentration in the
soil water phase and soil environmental factors (e.g., temperature, moisture, and pH).
When a rainfall occurs, NOj3' is leached into deeper layers with the soil water flow. A
simple kinetic scheme “anaerobic balloon” in the model predicts soil aeration status by
calculating oxygen diffusion and consumption in the soil profile. Based on the predicted
redox potential, the soil at each layer is divided into aerobic and anaerobic parts where
nitrification and denitrification occur, respectively. When the anaerobic balloon swells,
more substrates (e.g., DOC, NH,", and N oxides) will be allocated to the anaerobic
microsites to stimulate denitrification. When the anaerobic balloon shrinks, nitrification
will be enhanced. Gases NO and N,O produced in either nitrification or denitrification are
subject to further transformation during their diffusion between the aerobic and anaerobic
microsites. Long-term (e.g., several days to months) submergence will activate
fermentation, which produces hydrogen sulfide (H,S) and methane (CH,) driven by



decreasing of the soil Eh.

There are two options for simulating crop growth. If the empirical approach is
selected, crop growth will be calculated based on accumulative temperature, optimum
crop biomass, N stress, and water stress at a daily time step. If the process-based
approach is selected, crop development and growth will be tracked by photosynthesis,
respiration, and C allocation based on not only the above listed environmental factors but
also several physiological or phenology parameters such as initial efficiency of use of
absorbed light, maximum rate of leaf photosynthesis, rate of crop development in
vegetative stage, rate of crop development in reproductive phase, and initial biomass at
emergency. The process-based modules adopted from the MACROS model (Penning et
al., 1989). Crop demand for N is calculated based on the optimum daily crop growth and
the plant C/N ratio. The actual N uptake by crop could be limited by N or water
availability during the growing season. After harvest of the crop, all of the root biomass
is left in the soil profile, and a user-defined fraction of the above-ground litter remain as
stubble in the field until next tilling application, which will incorporate the stubble onto
(for no-till) or into (for conventional tillage) the soil profile. The crop litter incorporated
in the soil will be partitioned into different soil organic matter pools based on the C/N
ratio of the litter. Please find detailed information about impacts of farming management
on soil C and N dynamics in former publications (e.g., Li et al., 1992; Li et al., 1994; Li
2000; Li et al., 2004; Li et al., 2006).

The entire model is driven by four major ecological drivers, namely climate, soil
physical properties, vegetation, and anthropogenic activities. Obtaining accurate input
data will ensure the success of your simulations at either site or regional scale. The
details for how to prepare the input parameters are discussed in the relevant chapters of
this guide.



I1. PC WINDOWS VERSION OF DNDC

1. Overview of a Modeling Session

The DNDC model predicts C and N biogeochemistry in agricultural ecosystems at
site or regional scale. For site runs, users need to input all of the required driving
parameters through the user’s input interface. During regional runs, DNDC reads all of
the driving parameters from a set of databases, which must be prepared in advance.
DNDC simulates agricultural C and N dynamics through a year to centuries.

You start the modeling session by installing the model on your computer. The
model is written in Visual C++ and must be executed in the Windows environment.

2. Hardware Requirements

The DNDC model requires an PC or compatible with Windows installed. A
minimum memory of 64M is required. The computers with speed of 350MHz or higher
are highly recommended. A graphics adapter of SVGA or higher is recommended. The
output files from a 100-year simulation requires about 0.5 MB of disk space. A Windows
screen with 1024 by 768 pixels resolution will ensure the best graphic output.

3. Installation

You can download a zipped package at our web site http://www.dndc.sr.unh.edu,
which contains a folder named DNDC with an installation batch file. After unzipping the
package, double click “Install”. All of the directories and files of DNDC will be
automatically created in the C drive of your computer.

The folder DNDC in your C drive contains the latest version of DNDC (e.g.,
DNDC89) and supporting data sets. At C:\DNDC\Database\, there is a subdirectory
named Shangrila, which contains a complete set of regional input data for the illusive
region. However, the Shangrila datasets provide an example for preparing input data sets.
Following the formats of the files of Shangrila, users can easily create their own
databases for their own regions.

Now, you are ready to run DNDC. Go to C:\DNDC, and click DNDC89 to start
the model.

4. Site and Regional Modes

When the model starts, a main menu will be shown on the screen (Figure 2).
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Figure 2. Main menu of DNDC

The Site Mode:

Clicking the “Input” button by the sign “Site” on the main menu will initiate the
input procedure in site mode. There are three major pages for inputting (1) climate
information, (2) soil information, and (3) farming management information, respectively.
The farming management page contains eight sub-pages to allow you to define the most
popular management approaches, such as crop type and rotation, tillage, fertilization,
manure amendment, irrigation, flooding, weeding, grazing and grass cutting. During the
input process, you can come back to any specific page to make modifications. The only
thing needed to keep in your mind is to click the “Accept” button when you finish the
input or modification for each page. Your input data or modifications will be lost if you
leave the page without clicking “Accept”. When all the inputs have been typed in for all
the pages, click the OK button at the bottom of the climate page to end the input
procedure. At this moment, you are ready to start the site simulation by clicking button
“Run”.

At the beginning of each simulated year, DNDC first reads in all the input
information for the specific year, and then executes the sub-models in the order “soil
climate — plant growth — decomposition — nitrification — denitrification — fermentation”.
Soil climate profiles are first calculated based on the daily climate data and soil properties



at an hourly time step. Then DNDC simulates plant growth as well as exchange of water,
C and N at the atmosphere/plant/soil interfaces based on climatic conditions, farming
practices, and soil water and N availabilities at a daily time step. Decomposition is
calculated based on soil climate profile and N availability at a daily time step.
Nitrification and denitrification are predicted at an hourly time step driven by the
dynamics of the “anaerobic balloon” and relevant substrates. If a flooding event occurs,
DNDC will track soil Eh decrease driven by the sequential reductions of nitrate, nitrite,
Mn**, Fe®" and sulfate. At certain low Eh conditions, the fermentation sub-model will be
activated to calculate methane (CH,4) production at a daily time step. If you require during
the input procedure, DNDC will record the modeled daily results of soil C pools/fluxes,
N pools/fluxes, soil temperature and moisture profile, and plant biomass at the end of
each of the simulated days. Following this simulating sequence, DNDC continuously
runs day-by-day. When the simulation reaches the December 30th of a year, DNDC will
shift to the January 1st of next year. The simulation will continue year-by-year until
reaching the end of the last year. At the end of each simulation year several files are
created to record the annual C and N pools and fluxes, crop yield, and water balance for
the simulated site. The files are stored in subdirectory "C:\DNDC\Result\Record\Site\".

The Regional Mode:

To run DNDC in regional mode, you will need to have all the input data compiled
in a database in advance. The database consists of two categories of data files:
Geographic Information System (GIS) files and library files. The GIS files hold all of the
spatially differentiated information including name/location, climate data file ID, soil
properties, and crop acreage for each of the grid cells within the simulated domain. Map
data for region is optional. The library files store the data of general information, such as
crop physiological/phenology parameters, soil thermal/hydraulic parameters, farming
practices for crops, or daily climate data. We highly recommend users review the data
files provided with the DNDC package for the example region “Shangrila” to become
familiar with the structure, content and format of the database before they start
composing their own databases.

As soon as your regional database is set up, you will be ready to conduct the
regional runs. The detailed information about the database construction, simulation
procedure and results is described in section “I1l. Model Operation: 2. Regional Mode”.



I11. MODEL OPERATION

By clicking DNDCB89.exe at C:\DNDC, you will start the model. At first, you
will see a main menu (Figure 2). On this menu, you can choose to run DNDC in site or
regional mode.

1. Site Mode

In the site mode, most of the input parameters will be typed in manually through
the input pages. Let’s start. Click the “Input” button by “Site” in the main menu. See, a
new page is opened. This is the “Climate” page (Figure 3).

1.1. Input Parameters
Page 1. Climate

This is the first page to initiate the input procedure for site simulations. This page
allows you to input site location and climate information. You need to type in the site
name and other required information. DNDC provides default values for atmospheric
background concentrations of ammonia (NHs) and carbon dioxide (CO,). You can keep
or modify the default values. The required daily climate data file(s) can be selected by
clicking button “Select Climate File”. When you finish all the input items for this page,
just click button “Accept” to move all of the input information into the computer’s
memory.
éanut Infanmation kﬂ
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Figure 3. Input information for location and climate
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[Site name]: A string for site name (no space is allowed in the string);



[Latitude]: The latitude (decimal unit) of site location;

[Simulated years]: An integer number for total simulated years.

[Record daily results]: Checking this box will have the simulated daily results recorded.

[Climate File Format]: Select the format consistent with your climate data file(s);

[Select Climate File]: Click this button to browse and select the required climate file(s).
Use Bewn | and |_Ue | to adjust the order of the climate files. Double-clicking a
file name will delete it from the list.

[Use 1 climate file for all years]: Checking this box will enable you to use one selected
climate file for all the simulated years.

[Read climate file names from a file]: Puss this button will enable you to read all the
required climate files names from a file prepared in advance. The format of the
list file is as follows:

5
C:\DNDC\datafiles\urbanal1990
C:\DNDC\datafiles\urbanal1991
C:\DNDC\datafiles\urbanal1992
C:\DNDC\datafiles\urbanal993
C:\DNDC\datafiles\urbanal1994

[N concentration in rainfall (mg N/I or ppm) ]: Annual average N (dissolved nitrate and
ammonium) concentration in rainfall in unit mg N/I or ppm.

[Atmospheric background NHj; concentration (ug N/m~3) (0.06) ]: Atmospheric
background concentration of NHj3 (the default value is 0.06 ug N/m°).

[Atmospheric background CO2 concentration (ppm) (350) ]: Atmospheric background
CO;, concentration with a default value 350 ppm.

[Increase rate of atmospheric CO2 concentration (ppm/yr) ]: For multi-year
simulations, the atmospheric CO; concentration can be changed by setting this
annual change rate.

Daily meteorological data file(s) must be prepared in advance. The file(s) should
have a plain text (i.e., ASCII) format. Each year has an individual file. The climate data
file can be constructed with five different formats based on the availability of the original
data sources or the purpose of the simulation.

Format 1:

1A1987

1 -2.5 0.0
2 -1.0 1.2
3 -0.5 0.5
4 1.7 0.0
365 5.6 0.0

The first line is a file name. The first column contains dates in Julian day, the
second column contains mean daily air temperatures in °C, and the third column contains
daily precipitation in cm.



Format 2:

1A1987

1 0.5 -4.5 0.0
2 0.0 -1.2 1.2
3 3.5 0.8 0.5
4 5.7 2.0 0.0
365 5.6 -0.2 0.0

The first line is a file name. The first column contains dates in Julian day, the
second column maximum daily air temperatures in °C, the third column minimum daily
air temperatures in °C, and the forth column daily precipitation in cm.

Format 3:

IA1987

1 05 45 0.0 123
2 0.0 12 12 159
3 35 08 05 3.20
4 5.7 20 0.0 225
365 56 0.2 0.0 111

The first line is a file name, which must be a string. The first column contains
dates in Julian day, the second column maximum daily air temperatures in °C, the third
column minimum daily air temperatures in °C, the forth column daily precipitation in cm,
and the fifth column solar radiation in million J/m?/day.

Format 4:

1A1987

1 -0.5 -4.5 0.0 0.25
2 0.0 -1.2 1.2 1.10
3 35 0.8 05 0.80
4 5.7 2.0 0.0 0.02
365 5.6 -0.2 0.0 0.00

The first line is a file name, which must be a string. The first column contains
dates in Julian day, the second column maximum daily air temperatures in °C, the third
column minimum daily air temperatures in °C, the forth column daily precipitation in cm,
and the fifth column daily average wind speed in m/second.

Page 2: Soil

Click the “Soil” button at the top of the current sheet (i.e., Figure 3) to open the
soil page (Figure 4). All of the main soil parameters, including the defaults or the user-
defined, will be defined on this page. When the input process is done, don’t forget
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Figure 4. Input information for soil properties

[Land-use]: Current land use. Options are upland crop field, rice paddy field, moist
grassland/pasture, and dry grassland/Pasture.

[Soil Texture]: Select soil type based on either its texture or clay fraction. There are 12
soil types including sand, loamy sand, sandy loam, silt loam, loam, sandy clay
loam, silty clay loam, clay loam, sandy clay, silty clay, clay, and organic soil.

[Bulk density (g/cm”3)]: Bulk density (g/cubic cm) of top soil (0-10 cm).

[Soil pH]: pH of top soil.

[Clay content (0-1)]: Clay fraction of soil by weight. When soil texture is selected,
default clay content will be given although it can be modified by users.

[Field Capacity (0-1)]: Water-filled porosity (WFPS) at soil field capacity. When soil
texture is selected, default field capacity value will be given although it can be
modified by users.

[Wilting Point (0-1)]: Water-filled porosity (WFPS) at soil wilting point. When soil
texture is selected, default wilting point value will be given although it can be
modified by users.

[Macro-pores and bypass flow]: Select “Yes” if there are macro-pores and bypass flow
applicable to this soil (usually for tropical soils).

[Depth of water retention layer (cm)]: Depth of water retention layer, which could be
formed by soil compaction (common for intensively grazed pasture) or clay pan.



[SOC at surface soil (0-5cm) (kg C/kg)]: Content of total soil organic carbon (SOC),
including litter residue, microbes, humads, and passive humus at surface layer (0-
5 cm). After defining the total SOC content, you can obtain the default SOC
profile as well partitioning values for SOC sub-pools (i.e., litter, humads or
passive humus).

[SOC profile: Re-define]: Checking this box will activate the process to re-define the
SOC profile.

[Depth of top soil with uniform SOC content (m)]: A depth, above which the SOC
content is uniform.

[SOC decrease rate below top soil (-5.0 — 5.0)]: A rate, which determines how fast the
SOC content decreases below the top soil. The higher the rate, the faster the SOC
content decreases. Negative rates mean SOC content increases along with
increase in the soil depth.

[Soil partitioning: Re-define]: Checking this box will activate the process to re-define
the SOC partitioning.

[V.1. litter]: Fraction of very labile litter pool.

[L. litter]: Fraction of labile litter pool.

[R. litter]: Fraction of resistant litter pool.

[Humads]: Fraction of humads (active humus) pool.

[Humus]: Fraction of passive humus pool.

[Initial NO3(-) concentration at surface soil (mg N/kg)]: DNDC calculates default
initial nitrate content at surface layer based on soil organic carbon content. You
can replace the default with your observed data.

[Initial NH4(+)concentration at surface soil (mg N/kg)]: DNDC calculates default
initial ammonium content at surface layer based on soil organic carbon content.
You can replace the default with your observed data.

[Microbial activity index (0-1)]: An index raging from 0.0 to 1.0 for indicating impact of
soil toxic materials on soil microbial activity. The default value 1.0 is for normal
soils.

[Depth of water-retention layer (cm)]: If there is a water-retention layer existing withing
the simulated soil profile (i.e., 0-100 cm), define the depth of the layer.

[Slope (0-90)]: Slope of the soil surface in degree. The slope for a level soil is 0.

[High groundwater table]: Select “Yes” if the groundwater table is seasonally or the year
around above the bottom of the simulated soil profile (0-50 cm).

Page 3. Farming management

Clicking the Farming button at the top line will open a new page for inputting
farming management information. On this page, you can construct your cropping system
by defining the number of rotations during the entire simulated years, the time span
(years) of each rotation, and the number of years of a cycle in a rotation.

[Total years]: Number of total years of this simulation. This number is automatically set
based on the total years input on page “Climate”.
[Number of cropping systems applied during the entire simulated years]: Number of



different cropping systems consecutively applied during the entire simulated time
span.

[Cropping system #]: Cropping system sequential number.

[Duration]: Number of the years this cropping system lasts for.

[Years of a cycle]: Number of the years a cycle of this cropping system has.

[Year in a cycle]: Sequential number of the year in a cycle for current input process.

Farming management practices (e.g., crop planting/harvest, tillage, fertilization,
manure amendment, irrigation, flooding, grazing, and grass cutting) will need to be
defined for each year in a cycle of the cropping system. You can define or review the
management practices for each specific year in each specific cropping system by select
the right numbers at [Cropping system #] and [Year in a cycle].
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Cropping system # Al >
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Figure 5. Rotation information: Cropping systems and Cycles

Below-listed is an example to illustrate how to define the cropping systems for a
long-term simulation.

(1) How many years | am going to simulate totally:
- 100 years;

(2) How many cropping systems are involved in the simulation:
- 2 cropping systems (corn-soybean rotation system, and then winter wheat-fallow-alfalfa rotation
system);

(3) How many years each cropping system lasts for:
- The corn-soybean system lasts for 40 years, and the winter wheat-fallow-alfalfa system lasts for
60 years;

(4) How many years a cycle takes in each system:
- A cycle of the corn-soybean system takes 2 years, and a cycle of the winter wheat-fallow-alfalfa



system takes 3 years;

(5) What farming practices take place in each year of each cycle:
- For year 1 of the corn-soybean cycle, plant corn with two applications of conventional tillage and
an application of 120 kg urea-N/ha. For year 2 of the cycle, plant soybean with two applications of
conventional tillage with no fertilizer used.
- For year 1 of the winter wheat-fallow-alfalfa cycle, plant winter wheal with two applications of
tillage and an application of 100 kg urea-N/ha. For year 2 of the cycle, fallow the land after harvest
of the winter wheat with no tillage and no fertilizer used. For year 3 of the cycle, plant alfalfa with
an application of tillage and no fertilizer used.

A scheme can be plotted based on the above-described 100-year cropping systems
as follows:

Total years (100):
Total cropping systems (2):
Years of system 1 (40)
Years of a cycle of system 1 (2)
Management for year 1 of the cycle: corn
Management for year 2 of the cycle: soybean

Years of system 2 (60)
Years of a cycle of system 2 (3)
Management for year 1 of the cycle: winter wheat
Management for year 2 of the cycle: fallow
Management for year 3 of the cycle: alfalfa

A 100-year scenario will be automatically constructed by DNDC with the user-
defined farming practices for the five specific years with corn, soybean, winter wheat,
fallow and alfalfa is planted, respectively. The following several paragraphs explain how
to define the farming practices.

The “Review” button on this page can provide a graphic view of the cropping
systems you have input to DNDC.

Page 4. Crop

Click “Input Management” on page “Farming Management” to start the
procedure for inputting farming practices for the selected year. The first page “Crop”
(Figure 6) allows you to define (1) crop physiological and phenology parameters, (2)
types of the crops consecutively planted in this year, (3) planting and harvest dates, (4)
maximum biomass production (DNDC will give you default values, but you can modify
them), and (5) fraction of above-ground crop residue left in the field after harvest (Figure
6).

[Number of new crops consecutively planted in this year:]: Number of crops
consecutively planted in this year. Only the new crops planted within this year are
counted.



[Crop #]: Crop sequential number.

Crop information in a year:

Crop lTiIIage] Fertilization] I anure Amendment Weeding] Flooding1 Irrigation] Grazing or cutting]

It iz crucial for modeling soil biogeochemistry to corectly simulate crop growth/vield. Please push this button to
Crop parameters rewiews and modify the crop parameters ta ensure they are as close as possible to abservations.
Murnber of new crops conzecutively planted it this year = ecept
Crop = 1 <-Last | Mext-»
™+ Use empirical crop growith sub-modsl
Crop type: |1 s j

" Use physiology/phenology sub-modsl
Default masimum biomass production (kg diy matter/ha):

Grain | 1500 Leaf+stern 1540, Foot 1013
Planting month: Gil 1 Initial biomags (kg diyp matter/ha)
Vs W e ’_1 Initial photosynthesis efficiency ,_'

I aximum photosynthesis rate, kg CO2/halhe ’—

Additional parameters for phyzsiology/phenclogy sub-model

Harvest mode 1: incthis year; 20 in nest pear
# - 1 Development rate in vegetative stage
Isit a cover crop? + No ™ Yes Development rate in reproductive stage ;
Fraction of leaves and stems left in field after
harvest n4
CroplD CropType Planting | Harvest | | Mode Residue Yield |
13t crop 1 5 1 10 1 1 0400000 1500.00...

ak. | Cancel | e | Help |

Figure 6. Input information for crop type, planting/harvest dates and residue management

[Crop type]: Select one of the crop types parameterized in DNDC. The options are

0 Fallow

1 Corn

2 Winter wheat

3 Soybean

4 Legume hay

5 Non-legume hay
6 Spring wheat

7 Sugarcane

8 Barley

9 Oats

10 Alfalfa

11 Grassland

12 Perennial grass
13 Sorghum

14 Cotton

15 Rye

16 Vegetables



17 Undefined

18 Potato

19 Beet

20 Paddy rice

21 Banana

22 Celery

23 Peanut

24 Upland_rice
25 Rapeseed

26 Tobacco

27 Millet

28 Sunflower

29 Beans

30 Deep water rice
31 Onion

32 Undefined

33 Strawberry

34 Lettuce

35 Artichoke

36 Nursery flowers
37 Brussels sprout
38 Berries

39 Truck crops

40 Fruit trees

41 Citrus

42 Grapes

43 Silage corn

44 Hops

45 Tomato

46 Rainfed rice
47 Mixed cover crop
48 Safflower

49 Flax

[Default maximum biomass production (kg dry matter/ha): Grain/Leaf+Stem/Root]:
Default values for production of grain, leaf+stem and root for the selected crop
based on its physiological parameters defined in the crop library files (see details
in I11. 3.3. Crop Files). The default values can be modified by users by altering the
grain yield.

[Planting month]: A number from 1 to 12.

[Planting day]: A number from 1 to 31.

[Harvest month]: A number from 1 to 12.

[Harvest day]: A number from 1 to 31.

[Harvest mode]: A integer number indicating if the crop is harvested in this year as it is
planted (1), or harvested in the next year (2).



[Is it a cover crop?]: Selecting “Yes” will define the selected crop as a cover crop, whose
total biomass will be left in the field without any fraction harvested by the end of
the crop season.

[Fraction of leaves and stems left in field after harvest]: Specify a fraction of total
above-ground crop residue (leaves and stems) left as stubble or litter in the field
after harvest.

[Use empirical crop growth sub-model]: Click this radio button will select using an
empirical model to simulate crop growth based on the crop
physiological/phenology parameters, accumulative temperature, and soil water
and N availability.

[Use physiology/phenology sub-model]: Click this radio button will select using a
physiological model to simulate crop development and growth.

[Initial biomass (kg dry matter/ha)]: Crop biomass at germination.

[Initial photosynthesis efficiency]: Initial efficiency of use of absorbed light (kg
CO./ha/hr)/(IIm?/s).

[Maximum photosynthesis rate]: Maximum rate of leaf photosynthesis, kg CO,/ha/h.

[Development rate in vegetative stage]: Rate constant of crop development in vegetative
stage (1/day).

[Development rate in reproductive stage]: Rate constant of crop development in
reproductive phase (1/day).

If you have a second crop planted in the year, click button “Next->" to define the
parameters for the second crop.

It is crucial for modeling soil biogeochemistry to correctly simulate crop growth
and production. By clicking button “Crop parameters” in Figure 6, you can review and
modify the physiological and phenology parameters defined by DNDC as defaults of the
concerned crops. The parameters listed in the left column in Figure 7 can be modified by
users. The alterable parameters include:

[Crop name]: Name of the crop.

[Maximum grain production, kg dry matter/ha]: Grain production of the crop.

[Grain (or harvested) fraction of total biomass]: A fraction (0-1) of total biomass (i.e.,
grain + leaves + stems + roots), which is taken from the field at harvest.

[Leaf+stem (or above-ground residue) fraction of total biomass]: A fraction (0-1) of
total biomass (i.e., grain + leaves + stems + roots), which is left in the field after
harvest.

[Root fraction of total biomass]: Root fraction (0-1) of total biomass (i.e., grain + leaves
+ stems + roots).

[C/N ratio for grain]: Ratio of C vs. N contents in the grain of the crop.

[C/N ratio for leaf+stem]: Ratio of C vs. N contents in the leaves and stems of the crop.

[N fixation index]: For legume crops, the N fixation index equals ratio of total N content
in the plant/the plant N taken from soil.

[Water requirement]: Potential water demand of the crop, which is defined as the water
required to produce a unit of crop biomass (kg water/kg dry matter of crop).

[Maximum LAI]: Maximum leaf area index of the crop.



[Maximum height, m]: Maximum height of the crop in meter.

[Accumulative degree days for maturity (TDD), <C]: The accumulative daily average air
temperature (>0°C) from seeding to maturity for the crop.

[Initial biomass (kg dry matter/ha)]: Crop biomass at germination.

[Initial photosynthesis efficiency]: Initial efficiency of use of absorbed light (kg
CO./halhr)/(IIm?/s).

[Maximum photosynthesis rate]: Maximum rate of leaf photosynthesis, kg CO,/ha/h.

[Development rate in vegetative stage]: Rate constant of crop development in vegetative
stage (1/day).

[Development rate in reproductive stage]: Rate constant of crop development in reproductive phase

(1/day).

== e — .
f B Modify crop physiological and phenology parameters

b axirum height, m

950 Accumulative degree days for maturity [TDD), degree C

* Initial efficiency of photosynthesis, (kg CO2/hashour)/[) /m2/zecond)
* Mawimum photospnthesis rate, kg CO2/hashour

02 * Growth rate in vegetative stage, 1/day Save | Cancel

* Growth rate in reproductive stage, 1/day

Select an esisting crop for modification: -
1 Crop 1D
Cam Crop name Parameters for comparizon with observations
103091 b aximum grain production, kg dry matter/ha
037 Grain [or harvested) fraction of total biomass
11145 Optimurn total biomass C, kg Ciha
038 Leaf+stem [or above-ground residue] fraction of total biomass L g
Roat fraction of total biomass 2ot Ot el . L e
50 CAM ratio for grain 423509 Optirnum leaf+stem C, kg Céha
0 C/M ratio for leaf + stem 278624 Optimum root C, kg C/ha
55 C/N ratio for raat E3.9718 /M ratio for entire plant
1 M fixation index (= total plant M # plant M taken from zoil] 185,077 Total M demand, ka Nha
323 ‘“Water requirement, kg water for producing 1 kg dry matter biomass
i 185.837 M from soil, kg M/ha
5 M aximum LAl
|2— 0 M from atmospheric M fisation, kg M/ha
2
0.4
E0
a
0.025

* Usgeless for empirical crop growth module; only effective for physiological module

Figure 7. Review and modify crop physiological and phenology parameters

After modifying the above-listed parameters, you can click button “Parameters for
comparison with observation” to calculate the crop biomass, C pools, crop C/N ratio,
total N demand and other parameters which are routinely measured by the farmers or
agronomists. By repeatedly adjust the parameters listed in the left column, you are able to
bring the physiological or phenology factors to close to the observations. When you feel
satisfied with the new parameters, you can click button “Save” to save the new
parameters in a permanent file stored at \DNDC\Library\Lib_crop. This procedure is
important for correctly simulating the soil C and N dynamics including C sequestration,



trace gas emissions and N leaching.

Page 5. Tillage

Fill up the tillage page (Figure 8) to define number, timing and method of tillage
applications.

[How many applications in this year]: Number of applications in the year.

[Till #]: Sequential number of each application.

[Month/Day]: Date of tillage application.

[Till method]: Define tilling depth by selecting methods as (1) no-till (i.e., only
mulching) (0 cm), (2) tilling slightly (5 cm), (3) tilling with disk or chisel (10 cm),
(4) tilling with moldboard (20 cm), or (5) tilling deeply (45 cm).

Crop information in a year: @

Crop  Tillage ] Fertilization] bd arure Amendment] Weeding] Flooding] Inigation] Grazing or cutting]

Tillage

How many applications in this year =

Tiling # = 1 clat | News |
Month = 10 Dap= 5

Tilling method = ][4] Ploughing with moldboard, 20 cm ﬂ Accept

THD | Month | Day | Method |
TstHl 10 5 4

ak | Cancel " Help

Figure 8. Iput information for tillage

Page 6. Fertilization

Fertilization is defined by specifying times, timing, method, fertilizer type and
amount and special treatment for each application (Figure 9).

[How many applications in this year]: Number of applications in the year.



[Fertilization #]: Sequential number of each application.
[Month/Day]: Date of each application.

[Applying method]: Select surface application or injection in certain depth (usually for
anhydrous ammonia).

[Depth (cm)]: Depth the fertilizer is applied to in unit cm.

[Applied amount of fertilizers (kg N/ha)]: Seven types of fertilizers can be singly or
collectively selected by specifying the amount (kg N/ha) for each.

[They are release-controlled fertilizer]: If this button is checked, the total days during
which the fertilizer-N will be uniformly released must be specified.

[Nitrification inhibitor is applied]: If this button is checked, the efficiency and effective
duration (days) of the nitrification inhibitor must be specified.

In case if fertigation is applied, the button “Use daily fertigation file” can be
checked and a file recording daily water and fertilizer-N amounts must be created in
advance.

i Crop information in a year:

Crop ] Tilage Fertiization Manuref—\mendment] Wwieeding | Flooding] Irrigation | Grazing or cutting]

Define each of application events v Use daily fertigation file |

How many applications in this year = 1 et :
Fertilization # = 1 <-Last| Mest-» Marith = 5 Day= 1

Applying method : & surface " injection Depth [cm) = 0z

Applied amount of fertilizers (kg M/ha) :

Urea 120 Anhydrous ammonia 0 Ammonium bicarbonate 0

NH4MO3Z 0 [NH4]2504 0 Mirate 0
[MH4)2HPO4 0
[ ]

They are releass-controled fertlizer :

Mitrification inhibitor iz applied § T EfF

FerlD | Month |  Day | Method | Mirate | NH4HCOZ| Urea | NHZ | NH4MO3 | NH425.. | NH42H.. | De
1t till 5 1 i 0.000 0.000 120.000 0.000 0.000 0.000 0.000 0.
£ »

ok Cancel Help

Figure 9. Input information for fertilization

Page 7. Manure amendment

Manure application is defined by its timing, type and amount (Figure 10).



[How many applications in this year]: Number of applications in the year.

[Application #]: Sequential number of each application.

[Month/Day]: Date of each application.

[Manure type]: Select a type of manure. Five types of manure (e.g., farmyard manure,
green manure, straw, liquid animal waste, and compost) are parameterized in
DNDC. Each of the types is characterized with its C/N ratio.

[Amount (kg C/ha)]: Specify amount of manure as kg C per ha per application.

[C/N ratio]: Ratio of C/N in the manure. The default value is provided by DNDC but can
be modified by users.

Crop information in a year:

Crop ] Tillage] Fertilization M anure Amendment |Weeding] Flamding ] I rrigaticr ] Grazing or cutting

How many applications in this year ? 1

Manuring parameters

Application # 1 - Last MNest -

bonth =13 Day= |1

Manure type = ]‘I farmpard manure ﬂ Accept

Amount (kg Clha) = 2500 C/M ratio = 13

Man.ID | Maonth | Day ] Amount | C/M ratio | Type |
Tt Man. 3 1 2500.000 13.000 1

ak. Cancel oply Help

Figure 10. Input information for manure amendment

Page 8. Weeding

Weeding is defined as termination of weeds with mechanical or chemical
approaches, and the terminated weeds will be incorporated in the soil by tillage.

[Weeds problem]: Select one of the options to define the weeds problem.
[Weeding applications]: Number of weeding applications.

[Weeding #]: Sequential number of each weeding application.
[Month/Day]: Date of each application.



Crop information in a year:

Crop ] Tillagel Fertilization] anure Smendment  eeding ] Flooding] Irrigation] Grazing or cutting
‘Weeds problemiz & Wo ¢ Moderate ¢ Serious
Weeding applications 0
Accept ”
‘wieeding # = gl <-Last Mest -»
Month = Day= |n
MeedlD | Morth | Dap |
15t weed 1} 1}
] | Cancel Help

Figure 11. Input information for weeding

Page 9. Flooding

Flooding practice is usually applied for paddy rice or other wetland crops. There
are three options to define flooding duration: (1) irrigation (Control 1), (2) rainfed
(Control 2), and (3) observed water table fluctuation (Control 3).

For Control 1 (i.e., scheduled irrigation), the required input parameters include

[How many times the field is flooded in this year]: Number of flooding applications in
the year.

[Flooding #]: Sequential number of each application.

[From month/day]: Starting date of each flooding application.

[To month/day]: End date of each flooding application.

[Conventional flooding (5-10 cm)]: Conventional flooding with surface water thickness

5-10 cm.

[Marginal flooding (-5-5 cm)]: Marginal flooding with surface water thickness -5 - 5

cm.



i Crop information in a year:

Crop ] Tillage] Fertilization] ManureAmendment] ‘weeding Flooding l Irrigation] Grazing or cutting]

Flood contral 1: 15t ol Flood contral 2: inf 'l

How many times the field is flooded in this pear 7 o] I ]

Flooding # 1 <- Last Mest =+
Flood contral 3:

Fram manth = | 0 day=

To motth = | 0 day=

Conventional flooding [5 - 10 cm) o
arginal flooding [-5 - 5 cm) L

‘whater leaking rate (mm/day] ] —J
Accept
Flood water pH 0

Flood!D | FloodM | FloodD | DrainM | DrainD |

0K | Cancel Help

Figure 12. Input information for flooding

For Control 2 (i.e., rainfed), the required input parameter is

[Watershed index]: An index indicating the area from which the rain water is collected to
supply a unit of crop land (ha/ha).

For Control 3 (i.e., observed water table fluctuation), a file recording daily water
table depth should be prepared in advance.

For the above-listed three options, water leaking rate (mm/day) and flood water
pH are required.

Page 10. Irrigation

Irrigation is define as supplement of water to the field without causing long-term
(> 24 hours) ponding water on the soil surface.

[Irrigation input mode]: In DNDC, there are two ways to define irrigation. The first
option is to define irrigation events by specifying the date, water amount and pH
of each application. The second way is to define an irrigation index. The index



specifies a fraction (0-1) of the water deficit, whenever water stress occurs, which
will be met with the irrigation water.

| Crop information in a year:
Crop ] Tillage] Fertilization] ManureAmendment] Weeding] Flonding lmigation l Grazing or cutting]

Irmigation input mode:
(+ Bazed onimgation events  Mumber of imigation events = 0
" Based onirigation indes Irrigation index (0-1] =

Input lrigation parameters for each day

Irrigation # = | 1 Month=| 0 Day= | il

¢- Last Mext = Amount of water used [cm/day] = 0
Irrigation water pH = i

Accept

Irr. 1D tonth Day “Water-cm | “ater pH

ak | Cancel Help

Figure 13. Input information for irrigation

Page 11. Grazing and Grass Cutting

Grazing is usually applied to grassland or pasture. Grazing practice is defined in
DNDC by specifying the livestock type and the grazing duration, which will be used to
quantify feeding intensity and waste deposition of the livestock when they stay in the
field.

[Number of grazing time periods]: Number of grazing periods in the year.

[Start month/day]: Starting date of each grazing period.

[End month/day]: End date of each grazing period.

[Grazing hours per day]: Hours per day the livestock stay in the field during the grazing
period.

[Grazing intensity (heads/ha)]: Number of cattle, horse, or sheep grazing in the field for
each grazing period.



Crop information in a year:

Crop ] Tillagel Fertilization | b anure .&mendment] Weeding] Flooding] Irigation  Grazing or cutting ]

Grazing Grasz cutting

Mumber of grazing time periods = I—E Humnber of grass cutting = I—D
Grazing # = ’—1 ¢-Last | Mest> Cuting#t= | 1 <-Last | Mest->
Start month = I—U day = I—U Manth = I—D day = I—U
Endponiis ’—D day = I—D Cut amount (kg Clha) = I—U

Grazing hours per day = i

Grazing intensity [heads/ha):

Cattle Horse Sheep
| o | o] o
Accept
Graz.|D | Start M |StartDa_l,l| End M |EndDay Cattle | Horze | Sheep | He
s 2
Cut1D | Manth | Day Arnount

ak. | Cancel Help

Figure 14. Input information for grazing and grass cutting
For grass cutting, the required input parameters include

[Number of grass cutting]: Number of cutting applications in the year.
[Cutting #]: Sequential number of each cutting.

[Month/Day]: Date of each cutting.

[Cut amount (kg C/ha)]: Amount of grass cut by this cutting.

Finally, we accomplished the input processes. When we are leaving the last page,
it may be worth reminding ourselves again: Don’t forget clicking the “Accept” button
every time when we finish a page.

When you have finished all of the pages, please click “OK” at the bottom of the
first page (Climate) that will automatically organize all of the input information into a
group of DNDC-required input files. After this click, you will be ready to execute the
simulations.

1.2. Save and Open an Input File
After going through the input procedure, you may like to save all the input

information for future use. To do so, please go back to the first page by clicking page
“Climate”. Clicking button “Save input data to a file” will allow you to create a file to



save all the input information you have provided. In future, if you want to retrieve the

input data, just click button “Open an input data file” on the same page to find the right

file. After opening the file, you can go to any pages to modify the data, and resave the

new data set as a new file if you want.

i .
FnpuInTonmEtion

Climate ‘ Soil 1 Farming M anagement
Site name |MDrrow_F'IotE_com_oat_cIover
Latitude A0 =

Simulated years lﬁ Record daily results B

Obtain meteorological data from your database

Open an input data fi\ev Save input data ta a file

Select Clirmate Files Diown Up Use 1 climate filz for all years v Read climate file names from a file

CADWDC_ validationsh50CWS_IL_MaomowPlotshclimatesUbal 304
C:ADMDC_ validationsy50CNWIS_IL_MomowPlotshclimatesUibal 305
CADMDC_validationshS0CNWIS_IL_MomowPlotshclimatesUibal 306
C:ADMDC_validationshS0CNWIS_IL_MomowPlotshclimatesUibal 307
C:ADMDC_validationshSOCNWIS_IL_MarowPlotshclimatesUbal 908

Select a fomat matching pour climate filefz)

| M concentration inrainfall [mg M4 o ppm) = 1

i Atmazpheric background NH3 concentration (ug N/m™3] (0.08) = ’W Lo e ol lan)

1 Atmosphernic background CO2 concentration (ppm) [350) = 350 £ ool M LM Banialcm)

| Increase rate of atmospheric CO2 concentration [ppmdyr] = ,—D £ Jday, ManT, MinT, Rainfall, Radiation (MJ/m2/cay)
l O Jday, MaxT, MinT, Rainfall, wind speed [m/s)

Aocept

¢ Global met data format

1] | Cancel | |

Help

x)

Below-listed is an example input file, which is in plain text format so that can be
composed with any word processor or programming software.

Input_Parameters:

Site_data: Beitem
Simulated_Year: 1

Latitude: 50.900
Daily_Record: 1
Climate_data:

Climate_Data_Type: 1
NO3NH4_in_Rainfall 1.3300
NO3_of Atmosphere 0.0600
BaseCO2_of_Atmosphere 350.0000
Climate_file_count= 1

1 C:\Belgium_Esen\Climate\Beitem_1999.txt

Soil_data:
Soil_Texture 4
Landuse_Type 1
Density 1.35000
Soil_pH 6.00000

SOC_at_Surface 0.02000



Clay_fraction 0.14000

BypassFlow 0
Litter_SOC 0.02500
Humads_SOC 0.02500
Humus_SOC 0.95000

Soil_NO3(-)(mgN/kg) 0.33300
Soil_NH4(+)(mgN/kg) 0.80000

Moisture 0.30000
Temperature 8.25000
Crop_data:
Rotation_Number= 1
Rotation_ID= 1
Totalyear= 1
Years_Of_A_Cycle= 1
YearID_of a cycle= 1
Crop_total_Number= 1
Crop_ID= 1
Crop_Type= 1
Plant_time= 510

Harvest_time= 10 20
Year_of_harvest= 1
Ground_Residue=  0.000000
Yield= 10309.099609
Rate_reproductive= 0.025000
Rate_vegetative= 0.012000
Psn_efficiency= 0.400000

Psn_maximum= 60.000000
Initial_biomass= 12.500000
Cover_crop= 0
Tillage_number= 2
Tillage_ID= 1
Month/Day/method= 57 4
Tillage_ID= 2
Month/Day/method= 5 10 2
Fertil_number= 0
Manure_number= 1
Manure_ID= 1
Month/Day= 57
Amount/C|N_ratio= 948.662109 3.162200
Type= 4
Weed_number= 0
Weed_Problem= 0
Flood_number= 0
Leak_type= 1
Water_control= 0
Leak_rate= 10.000000
Irrigation_number= 0
Irrigation_type= 0
Irrigation_Index= 0.000000
Grazing_number= 0
Cut_number= 0
Climate_file_mode 0
Soil_microbial_index 1.000000
Crop_model_approach 0
Depth_ WRL_cm 100.000000
Slope 0.000000
Field_capacity 0.400000
Wilting_point 0.200000
CO2_increase_rate 0.000000
SOC_profile_A 0.200000

SOC_profile_B 2.000000



High WT 0

1.3. Run DNDC at Site Mode

When the input procedure is accomplished, you can click the button "Run" to start
the simulation for the site. During the site runs, there are seven windows appearing on
the screen to demonstrate the daily dynamics of simulated meteorological conditions, soil
climate and chemistry, crop growth, and gas emissions (Figure 15).

- DNDC - Version B.9
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Figure 15. The seven windows allow users to monitor daily dynamics of several major simulated factors
during the model run.

Window 1 (up-left corner) shows site name, simulated year, and crop type.
Window 2 (middle-left) shows soil carbon and nitrogen profiles for 0-50 cm.

Window 3 (top in the middle) shows daily air temperature, precipitation, snow
pack, evaporation, and transpiration.

Window 4 (second in the middle) shows crop biomass, LAI, N uptake, water
stress and n stress.

Window 5 (third in the middle) shows soil temperature, moisture, Eh, ice content,



available N, and water leaching flux.

Window 6 (forth in the middle) shows daily rates of decomposition, nitrification,
denitrification, methanogenesis, and methanotrophy.

Window 7 (bottom-middle) shows daily fluxes of NH3, CH4 N,O, NO, and No.

These windows allow users to observe the general dynamics of several key factors
during the model runs.

1.4. A Quick View of Modeled Results

The simulated results including daily and annual crop biomass, C and N
pools/fluxes, and water budget, are recorded in a series files stored at
\DNDC\Result\Record\Site\. All the files are in a plain text format so that they can be
retrieved reprocessed with any spreadsheet or word-processor tools (e.g., Excel etc.). The
contents of the result files are described in detail in “IV. Modeled Results”. However,
DNDC provides a handy tool to allow the users to have a quick view on results from the
just finished simulation. By clicking button “Result” on the main menu (Figure 2), you
will open a new page, on which you can select the year and the item you are going to
observe (Figure 16).
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Figure 16. Main menu for quick view of modeled results



Clicking button “Crop” will draw a chart of crop production as shown in Figure
17. In this chart, the yellow bars represent the maximum production for grain, leaf +
stem, or root; and the green bars for the actual production simulated by DNDC. If the
actual production is lower than the maximum values, the stresses of temperature, water
and/or N should be identified by comparison between the demand and the uptake bars for
temperature, water or N. This quick look would provide you an opportunity to understand
why the simulated crop yield could be lower than the maximum yield if it was a case.
This information could be essential for you to modify your crop physiological/phenology
parameters or adjust the farming management practices to obtain an optimum yield.
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Figure 17. Modeled result 1: Crop biomass production and stresses of temperature, water
or nitrogen. (TDD — accumulative thermal degree days of crop growth season)

Clicking button “Nitrogen” will draw a chart of annual N budget for the plant-soil
system as shown in Figure 18. The N gained by the system includes the input fluxes from
manure amendment, crop residue (stub and roots) and weeds incorporation, atmospheric
deposition, synthetic fertilizer application, and biotic N fixation. The N lost from the
system includes the output fluxes due to leaching, runoff, crop uptake, weeds uptake,
ammonia volatilization, and emissions of nitrous oxide, nitrite oxide and dinitrogen.

Clicking button “Carbon” will draw a chart of annual C budget for the plant-soil
system as shown in Figure 19. The C gained by the system includes the input fluxes from



manure amendment, crop residue (stub and roots) and weeds incorporation. The C lost
from the system includes the output fluxes due to soil heterotrophic respiration, DOC
leaching, and methane emission.
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Figure 18. Modeled result 2: Soil N budget.
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Figure 19. Modeled It 3: Soil C budget.

Clicking button “Water” will draw a chart of annual water budget for the plant-
soil system as shown in Figure 20. The water received by the system includes the input
fluxes from precipitation, irrigation and groundwater supply. The water lost from the
system includes the output fluxes due to transpiration, soil evaporation, surface water
evaporation (for flooded soil), leaching and runoff.
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Figure 20. Modeled result 4: Water budget

Clicking button “Greenhouse gas” will demonstrate the net greenhouse gas
emissions from the agroecosystem (Figure 21). Annual emission fluxes of three major
greenhouse gases, i.e., carbon dioxide (CO2), methane (CH4) and nitrous oxide (N20),
are listed in the table. The fluxes are also converted into 100-year Global Warming
Potentials (GWPs) based on the worming forces of the gases, which is expressed as CO2-
equevalent. The annual contribution of the modeled agroecosystem to global warming is
the net GWP of the three gases emitted from the system.

The quick view function could provide essential information for the users to
understand the basic trends of the modeled system without dealing with the detailed
datasets recorded in the result files. That could be a time-saver, especially during the
model test periods.
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1.5. Batch run

Since the input files required by DNDC site runs are in a plain text format, they
can be created with a variety of word processors or programming software. Users can
make a series of input files, and run them in batch. This could be an efficient approach
for sensitivity test or uncertainty analysis, which requires repeatedly model runs with
only a single or a few parameters varied. DNDC provides an interface to allow the users
to do so. When the input files have been prepared, the user can make a file to contain the
number and the names of the files as shown in the example file as follows:

5 « Number of input files
C:\Databse\Scenario_1.dnd
C:\Databse\Scenario_2.dnd
C:\Databse\Scenario_3.dnd Paths and names of input files
C:\Databse\Scenario_4.dnd
C:\Databse\Scenario_5.dnd

Clicking “Tools” and then “Run batch” on the main menu of DNDC, a dialog box will
appear to allow you to select the file containing the names of the candidate input files
(Figure 22). After the selection, click OK to start the simulations.



Batch File Selection

Select a file containing locationz/names of a batch of * dnd files ‘
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Figure 22. The dialog box allows user to select a file containing the paths and names of a
batch of input files prepared in advance.



2. Regional Mode

At regional runs, DNDC receives all of the input information from a series of
databases prepared in advance. Preparing the databases with the required formats is the
key to successfully conduct regional simulations with DNDC. All of the input data
required for the regional runs are organized into two categories of database, namely the
Geographic Information System (GI1S) database and the library database. The DNDC
package you received includes a complete set of example databases for an illusive region
named “Shangrila”. All the spatially differentiated information specifically required for
regional simulations for Shangrila is contained in the files stored in folders “GIS”,
“Lib_clim”, “Lib_farm” and “Lib_map” under directory “\DNDC\Database\Shangrila”.
In addition, two folders named “Lib_crop” and “Lib_soil” containing general information
are located under directory “\DNDC\Library” (Figure 23).

= ) (el
= | ) Database
= ) Shangrila
I GIs
= | Lib_clirn
) 1990
) 1991
) 1992
) Lib_Farm
) Lib_map
= | ) Library
() Lib_crop
() Lib_sail

Figure 23. Structure of directories containing input information for regional
simulations.

For applying DNDC for regional simulations with a target domain, the region is
usually divided into a number of basic geographic units (e.g., polygons or grid cells)
based on the administrative boundaries or other measures (e.g., 0.5°X0.5° gridding
system), depending on the nature of the source data. Each unit is assumed to be uniform
on all of the concerned properties (e.g., climate, soil etc.). Like most process-based
models, DNDC accomplishes regional simulation by conducting the simulation for each
unit across the target domain. During the regional runs, DNDC reads all the input data
from the various files stored in the databases, and then reorganizes the information into
the several specific files with the formats required by DNDC.



2.1. GIS Database

These are four files stored under directory “\DNDC\Database\Shangrila\GIS. The
file names and contents are shown as follows:

File name: Shangrila_1.txt

ID Region_name  Polygon_name Longitude Latitude
1 Shangrila 1 -82.513 41.384
2 Shangrila 2 -82.514 41.384
3 Shangrila 3 -82.514 41.383
4 Shangrila 4 -82.514 41.384
5 Shangrila 5 -82.513 41.383
6 Shangrila 6 -82.515 41.383
7 Shangrila 7 -82.512 41.383

Shangrila_1.txt contains polygon ID, region name, polygon name, longitude and latitude.

File name: Shangrila_2.txt

ID Climate_file_name N_in_rain_ppm
1 72650 10.1
2 72659 10.1
3 72659 10.1
4 73888 12.5
5 73888 12.5
6 73888 12.5
7 77654 10.1

Shangrila_2.txt contains polygon ID, name of daily climate file, and atmospheric N
deposition rate in mg N/I or ppm.

File name: Shangrila_3.txt

ID SOC Clay pH Bulk density

max min max min max min max min
1 0.04 0.02 0.23 0.22 6.7 6.5 1.38 1.25
2 0.04 0.02 0.23 0.22 6.7 6.5 1.38 1.25
3 0.04 0.02 0.23 0.22 6.7 6.5 1.38 1.25
4 0.03 0.02 0.23 0.22 6.7 6.5 1.38 1.25
5 0.03 0.02 0.23 0.22 6.7 6.5 1.38 1.25
6 0.03 0.02 0.23 0.22 6.7 6.5 1.38 1.25
7 0.03 0.02 0.23 0.22 6.7 6.5 1.38 1.25

Shangrila_3.txt contains polygon ID and soil information including maximum and
minimum SOC contents in kg C/kg soil, maximum and minimum clay fractions,
maximum and minimum pH values, and maximum and minimum bulk density in



mg/cm®.
Cropping system 1D

File name: Shangrila_4.txt /
Number of
cropping Crop area in hectares
systems soybean corn  wheat alfalfa hay vege  barley grape pasture fallow
\i§ | 3 1 2 10 5 16 8 42 12 0 |4 |
0] 12.5 0 0 3.4 0 0 0 0 0

2 65.0 0 0 0 0 5.2 0 0 0 0

3 0 1200 O 0 0 0 0 0 0 0

4 0 0 54 0 0 0 0 0 0 23.2

5 0 0 0 1.0 0 0 0 0 0 0

6 0 0 0 0 0 0 111 0 0 0

7 0 0 0 0 0 0 0 507 999 O

Shangrila_4.txt contains polygon ID and crop information including crop name, crop ID
and acreage in ha. The crop IDs should be consistent with that in Lib_crop.

2.2. Library Databases

The data stored in the library files are not polygon-specified, so that they can be
utilized by multiple polygons. An example file is shown below for each kind of the
library files.

Lib_clim: Daily meteorological data
Example file name: 72650

File name
- Max,-min temperature (°C), precipitation (cm)

/72650 /// /

-1.10 -14.40 0.00
2 5.60 -5.00 0.80
3 3.90 -5.60 2.10
4 1.70 -10.60 0.00
5 3.30 -9.40 0.00
6 6.10 -10.60 0.00
7 0 - 0




Lib_farm: Farming practices

Example file name: Farm0001.txt

O RPRPAR NREPWRLAN
U1 o

[eNeoNeN

number_of crops
—_ - <

corn
optimum_yield
planting_month
planting_day
harvest_month
harvest_day
percent_residue_left
season_flag

<

till_applications
month

day

method

month

day

method

number_of fert
fert_monthl
fert_dayl
fert_ratel

manure_applications

irrigation_index
flooding
Cutting
Grazing

Lib_map: Polygon boundary data (optional)

Shangrila.sbx, Shangrila.shp, and Shangrila.shx.

Lib_soil: Soil hydraulic data for each type of soil

Example file name: Soil_5 (for loam soil)

Number of crops planted in the year

999 indicates the crop as the last crop planted
in the year

The SHAPE files created with ArcView family are used for DNDC’s mapping
functions. For this example case, the map files are Shangrila.dbf, Shangrila.sbn,

Loam
0.19
0.451

0.49
0.22

texture
clay_fraction
porosity

0.0417 satu_conductivity

field_capasity
wilting_point




Lib_crop: Crop physiological and phonological data for each type of crop

Example file name: Crop_1 (for corn)

1 crop_code

(6{0) crop_name_1
Corn crop_name_2
11145 total_biomass_C
0.370000 portion_of_grain
0.380000 portion_of _shoot
0.250000 portion_of _root

59.971802 plant_CN
50.000000 grain_CN_ratio
85.000000 root CN_ratio
60.000000 shoot_CN_ratio
323.000000 water_requirement

5.000000 max_LAlI
2.000000 max_height
2550.000000 TDD
1.000000 N_fixation

0.400000 initial efficiency of use of absorbed light (kg CO2/ha/h)/(J/m2/s)
60.000000 maximum rate of leaf photosytensis, kg CO2/ha/h

0.012000 rate constant of crop development in vegetative stage (1/d)
0.025000 rate constant of crop development in reproductive phase 1/d
0.700000 economic copmponent/storage organc by weight

450.000000 specific leaf weight constant, kg dm/ha

2775.000000 specific stem weight, kg dm/ha

0.500000 ratio of internal/external CO2 concentrations

1.000000 maximum root depth for crop, m

0.060000 increase rate of root depth, m/day

The crop file can be created or modified with the tool “Crop Creator” available at
DNDC’s user’s input interface.
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The above-described library files for soil and crop are provided as defaults in
DNDC. The data in the soil and crop files are used for both site and regional simulations.

2.3. Initiation of Regional Simulation

When the GIS and library files have been prepared and located at the right
directories, you should be ready to conduct the regional simulations. To initiate a regional
run, you need to click the “Input” button by the “Region” sign to select the target region
and set relevant input information.

Regional Input g|
Reqional simulation iz supported by databaze built in advance. The detailed information about contents and farmat
of the database iz availablz in the DNDC User Guide at http: /A dinde. 21 unbh. edu,
o : . : : . : = ; : Cancel
To initiate a regional simulation, vou need to specify a region by selecting the first GIS file of the region. For example,
the GIS files for Shangrila are located at C:ADMDCAD atabaszelShangrilatGlS 4.
Map Review

Select a G5 data file C:ADMDCWD atabazehShangrilahGl5shangrila 1.kt

| Use default climate/management data in database v

or redefine climate/management for each year [
[ atabase name ]
shangrila -~ ~ -~ -~

Mame thiz scenario Test e & 2 o

= - & i)
Simulated years 1 e o i r

] ‘= {0 =
Start pear 2000

£ i & 0
Major concern for this simulation [M50C = - - -~ -
Record daily results [0) No - &) e & &

5 "t 2 i

£ ol = g " 4

Figure 24. Page for region selection and scenario setting

Let’s use “Shangrila” as an example to practice how to select the region. By
clicking button “Select a GIS data file”, you are asked to select a file. Let’s go to
C:\DNDC\Database\Shangrila\GIS, and select any of the four GIS files.

When you click the “Database name” box, “Shangrila” is automatically showing
up. That means DNDC has learnt your target region is Shangrila, and will read out the
necessary input information from the Shangrila-relevant directories for use during the
model runs. Several input parameters are required to specify the regional run.

[Name this scenario]: Give a string (no space is allowed) to name this simulation. The
name will be used to construct the result file names.
[Simulated years]: Number of years for the regional simulation.



[Start year]: An integer (e.g., 2000) for the first simulated year.
[Major concern for this simulation]: Select one from five options: SOC, CO2, N20,

CH4, NH3 and N leaching.
[Record daily results]: Selecting “Yes” will allow the model to record the simulated daily

results for each polygon.

[Use default climate/management data in database]: Checking this box will conduct the
regional simulations with the climate data stored in the Lib_clim files and farming
management data stored in the Lib_farm files.

[or redefine climate/management for each year]: Checking this box will conduct the
regional simulations with the climate and/or management conditions modified for

each specific year.

Alternative climate/managemnt conditions @
Year 1 Copy data of lazt year

Atmozpheric CO2 concentration [350 ppm] 350

Termperature change [degree C) i
Precipitation change [timez] 1

Fraction of crop residue incorporated [0-1) 015

Changing factor of default fertilizer rates [times) 1

Amended amount of manure (kg C/ha) ’—D
Irrigation Index [0-1] ’—1
Midseason drainage m
Factor of increaze in crop yield ’—1
Tillage: Conventional * Feduced Mol O
Shallow flooding

Upland rice

Sulfate fertilizer

Fertilizer with controled release rate [days)

Tl

Soil microbial activity index (0-1]

Ok | Cancel |

Figure 25. Systematically modifying climate and/or management conditions for regional
simulation

[Atmospheric CO2 concentration (350ppm)]: The default value is 350 ppm. You can
change it to any number to estimate the impacts of CO2 elevation on crop yield, C
sequestration, trace gas emissions etc. at the regional scale.

[Temperature change (degree C)]: The default value is 0. You can change it to a positive
number (e.g., 2, 4 etc.) or a negative number (e.g., -2, -4 etc.) to systematically alter the
daily temperatures recorded in the original climate files. That will enable you to estimate
the impacts of increase or decrease in temperature on crop yield, C sequestration, trace
gas emissions etc. at the regional scale.



[Precipitation change (times)]: The default value is 1. You can change it to a number,
with which the new precipitation will be calculated by multiplying the original daily
precipitation for the entire region.

[Fraction of crop residue incorporated (0-1)]: The default value is 0.15. It means 15% of
above-ground crop residue will be incorporated into the fields after harvest. You can set a
new number between 0 and 1 to redefine the incorporated fraction for the entire region.
[Changing factor of default fertilizer rates (times)]: The default value is 1. You can
change it to a new number, which will be used to multiply the original fertilizer rates
recorded in the Lib_farm files for the entire region.

[Amount of amended manure (kg C/ha)]: The default value is 0. You can change it to
add a certain amount of farmyard manure in unit kg C/ha per year into the fields across
the region.

[Irrigation index (0-1)]: The default value is 0. That means no irrigation applied. You
can change it to a number between 0 and 1. The number indicates the fraction of water
stress that can be met with irrigation water if water stress occurs.

[Midseason drainage]: The default value is 0. You can change it to 1, 2 or 3 to apply
midseason drainage for 1, 2 or 3 times each season for rice paddy fields across the region.
[Fraction of increase in crop yield (0-1)]: The default value is 1. You can set a new
number lower or higher than 1 for systematically decrease or increase the default
maximum yields for all the crops across the region.

[Tillage]: By selecting “Conventional”, “Reduced” and “No-till” you will be able to
redefine the tillage method for the entire region.

[Shallow flooding]: Checking this box will convert the water management for all rice
paddies to the shallow flooding, a new practice for elevating rice yield and reducing
water use.

[Upland rice]: Checking this box will convert all the paddy rice field into upland rice
field.

[Sulfate fertilizer]: Checking this box will convert all the N-fertilizer into ammonium
sulfate.

[Fertilizer with controlled release rate (days)]: The default value is 1. If you apply
fertilizer with controlled release rate, the effective days of the fertilizer will need to be
specified in this box.

[Soil microbial activity index (0-1)]: The default value is 1. If there is any regional factor
depressing the soil microbial activity, the number can be correspondingly reduced.

You can set the above-listed parameters for each specific year by selecting the
specific year number. Clicking “Copy data of last year” will enable you to copy the entire
set of the defined parameter values for a new year.

When you finish the regional input procedure, please click “OK” to transfer all
the input information into computer’s memory. At this moment, you are ready to execute
the regional simulation.

2.4. Run DNDC for Regional Scale

After completing the input procedure, click the "Run" button to start the regional



simulation. During the regional simulations, DNDC runs for each cropping system in
each polygon for the defined years twice with the maximum and minimum values of a
specific soil factor depending on the user-defined “major concern” for this simulation.
DNDC will continuously run polygon by polygon until reaching the end of the database.
The simulated results will be recorded in a group of files stored at
\DNDC\Result\Record\Region\(Region name)\. All the result files are in a plain text
format, so they can be reprocessed with any word processor or spreadsheet software (e.g.,
Excel etc.).



I\V. MODELED RESULTS

1. Results from Site Runs

In site mode, at the end of each simulated year, an annual report is recorded
\DNDC\Result\Record\Site to summarize the dynamics of C and N pools and fluxes in
the agro-ecosystem for the year. This file provides the key information for assessing
annual C, N and water budgets as well crop production. Below-listed is an example file
for the annual report:

File name: Year 1.txt



SOM pool ~ ----- Litter----- ----- Humads--- ----- Humus--- ----- Total----- time
kg C (N)/ha C N C N C N C N
Day 1 2126 64 2126 213 80786 6732 85038 7008 «———— Organic Cand N pools
Day 365 2254 38 1406 141 80528 6711 84188 6889
Inorg. N pool
kg N/ha NO3- NH4+ NH3(w) Urea NO(w) Clay-N Total
Day 1 142 238 000 000 000 2043 24.23 <«——— Inorganic N pools
Day 365 40.34 31.12 0.83 0.00 0.00 12,52 84.81
Flux C (kg Crhalyr) N (kg N/ha/yr)
Input
Manure 949 300.00 <«— 1 Fluxesof Cand N into
Shoot litter 0 0.00 the agroecosystem
Root litter 2383 28.04
Weeds litter 0 0.00
Rain-N deposit 7.18
Fertilizer-N 0.00
N-fixation 0.00
Output
Soil-CO2 emission 4182 «——+— Fluxesof Cand N from
Root-CO2 emission 1778 the agroecosystem
CH4 emission -1
DOC leached 0 0.00
Crop N uptake from soil 159.47
Weed N uptake from soil 0.00
NO3- leaching 220.17
NH3 volatilization 0.47
N20 11.94
NO 1.32
N2 7.17
NO2 0.00
Mineralization: 4182.3 kg C/ha; 320.9 kg N/ha; Soil C/N ratio: 12.2 <«——1— Mineralization rate
Crop number 1 2 3
Crop name Corn None None .
Planting date 130 0 0 <«—+|— Crop biomass
Growing days 163 0 0
Total crop N (kg N/ha) 159 0 0
Total crop C (kg C/ha) 9564 0 0
--GrainC 3539 0 0
-- Leaf+stem C 3634 0 0
--Root C 2391 0 0
-- Water stress 0.75 0.00 0.00
-- Nitrogen stress 1.00 0.00 0.00
Stubble (kg C/ha) 0
Grass cut (kg C/ha) 0
Grazed biomass (kg C/ha) 0
Growing season TDD: 2554 0 0
Depth (cm) kg Cl/kg kg C/ha
0-10 0.0203 23294 —F ; ;
10-20 0.0200 22521 Soil C profile
20-30 0.0189 19183
30-40 0.0165 10626
40 - 50 0.0142 5918
Water balance (mm)
Precipitation 949 | Water budget
Irrigation 0
Transpiration 233
Soil evaporation 291
Surface water evaporation 0
Run off 0
Leaching 387




Daily results from site runs will be recorded in a series of files located at
\DNDC\Result\Record\Site. The daily files and their contents are listed as follows:

Day C_(year #):

- Dally pools of very labile litter, labile litter, resistant litter, microbes, humads, humus, and DOC
(dissolve organic C) in kg C/ha;

- Dally fluxes of so0il-CO2 (heterotrophic respiration), root-CO2 (autotrophic respiration), CH4-
production, CH4-oxidation, CH4-net emission, and DOC-leaching in kg C/ha/day.

Day N_(year #):

- Dally pools of crop-N, weeds-N, urea, NH4+ at 0-10,10-20 and 20-30cm, NO3- at 0-10,10-20
and 20-30cm, NH3, ice-trapped N20, and clay-adsorbed N in kg N/ha;

- Dally fluxes of N20O, NO, N2, soil-emitted NH3, and plant-emitted NH3 in g N/ha/day;

- Dally fluxes of leached N, mineralized N, and assimilated N in kg N/ha/day.

Day Crop_(year #):

- Daily growth rates of total biomass, grain, shoot, and root in kg C/ha/day;
- Leaf area index (LAI);

- Dally pools of crop-N, shoot-C, root-C, and grain-C in kg C/ha;

- Daily N demand, N uptake, and N fixation in kg N/ha/day;

- Dally N stress, and water stress (fraction from 0-1. 1-no stress).

Day_Soil_(year #):

- Dally air temperature in °C and precipitation in mm;
- Daily redox potential (Eh) in mV;

- Daily soil temperature at 5, 15, 30, 40, 50 cm;

- Daily soil moisture (wfps) at 5, 15, 30, 40, 50 cm;

- Dally soil ice content (wfps and mm);

- Daily snow-pack (mm water).

Day_Water_(year #):

- Dally initial and end soil water pools in mm;

- Daily available water pool in mm;

- Dally soil ice content in mm;

- Daily water influx, evaporation, transpiration, surface water evaporation, runoff, and water
leaching in mm/day;

- Daily ponding water pool, snow-pack, and deep water pool in mm;

- Dally water table depth in m.

Day Manage (year #):

- Daily irrigated water in mm;
- Daily applied fertilizer in kg N/ha;
- Daily applied manure in kg N/ha.

Day Graze (year #):



- Daily above-ground grass biomass in kg C/ha;

- Daily grazing intensity: heads of cattle, horse, and sheep/ha;

- Grazing hours per day;

- Daily grazed grass-C and grazed grass-N in kg C and N/ha;

- Daily production of dung-C, dung-N, and urine-N in kg C or N/ha;
- Dally food deficit;

- Daily NH3 volatilization from animal waste in kg N/ha.

All the result files are in a plain text format so that they can be reprocesses with
any word processor or spreadsheet software.

2. Results from Regional Runs

The simulated results from regional runs are recorded in a series of files stored at
C:\DNDC\Result\Record\Region\(scenario name). The files contain simulated annual
pools or fluxes for each cropping system in each polygon. The files with names
beginning with “rate” contain flux rates (e.g., kg C or N/ha/yr); and the files with names
beginning with “sum” report total fluxes of C or N emission for the polygon (e.g., kg C or
N/polygon/yr). The “max” and “min” files record the simulated maximum and minimum
values, respectively, for the concerned fluxes or pools.

The fluxes and pools recorded in the regional files include annual atmospheric N
deposition (DepositN), crop yield (GrainC), crop leaf and stem production (ShootC), crop
root production (RootC), crop litter production (ResidueC), N uptake by crop (UptakeN),
biotic N fixation (FixedN), fertilizer-N applied (FertilizerN), manure-C applied
(ManureC), manure-N applied (ManureN), SOC storage in unit kg C (SOC), SOC storage
in unit kg C/kg soil (pSOC), change in SOC storage (dSOC), soil mineralized N
(MineralizedN), leached SOC (LeachedC), leached SON (LeachedN), CO; flux (CO2),
CHj, flux (CH4), ammonia volatilization (NH3), nitrous oxide flux (N20), nitric oxide
flux (NO), dinitrogen flux (N2), soil evaporation (WaterEvap), irrigated water
(Waterlrri), leached water (WaterLeach), and transpiration (WaterTrans).

All the result files are in a plain text format so that they can be reprocesses with
any word processor or spreadsheet software.



V. UNCERTAINTY ANALYSIS

For regional runs, uncertainty will be produced due to the inherent heterogeneity
of soil properties and other input parameters at each simulated unit or grid. To bring the
uncertainty under control, we allow DNDC to run twice for each cropping system in each
grid with two extreme values of the most sensitive driving factors for the concerned C or
N fluxes or pools. For example, DNDC runs twice with maximum and minimum SOC
contents for a county, and produces a range of N20 emissions for the county. Since SOC
is the most sensitive factor for N20 emission in soils, the predicted range should be wide
enough to include the “real” N20 flux with a high probability. We called this approach as
Most Sensitive Factor (MSF) method. To verify the reliability of the method, we have
developed a Monte Carlo routine in DNDC. Users can utilize the GIS databases to test
any cropping system in any county or grid (Figure 17). The Monte Carlo routine will
randomly combine different soil properties to simulate the C and N fluxes (Figure 18).
The default sample size is 2,000. Increasing the sample size will produce more smooth
curves for frequency of distribution of the simulated fluxes. Preliminary tests have
demonstrated that the results from the Monte Carlo approach and MSF method are
comparable.

Inpi Define sources of input data

Select GIS file 1
Select GIS file 3

la . Select GIS file 2 ]
a2, Select GIS file 4

Year [2.0) |2000 Select a counly ]2401 2401 ;]
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Flgure 17. Users can utilize the Monte Carlo routlne built in DNDC to conduct
uncertainty analysis.



Monte Carlo Uncertainty Analysis
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Figure 18. The default sample size for Monte Carlo analysis is 4,000.
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