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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 29
Number of Shots: 51

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.




Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2.  Data Preparation and Environment Setup
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by switching on the computer workstation to perform the land-use projection and carbon-storage analysis [1].Use the three input groups: China Land Cover Dataset, or CLCD (C-L-C-D) annual land-cover maps, Copernicus DEM (D-E-M) GLO (G-L-O)-30 terrain data, and the class-specific four-pool carbon-density table [2]. Record the temporal coverage, resolution, provenance, and analytical role of each input [3]. 
2.1.1. WIDE: Talent switching on the computer workstation
2.1.2. SCREEN: The 3 input groups being organized for analysis
2.1.3. SCREEN: Temporal coverage, resolution, provenance, and analytical role being recorded for each input
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/files_upload.php?src=22310188 

2.2. Extract the 2005, 2010, and 2015 CLCD layers at 30-meter resolution [1] and retain the nine land-cover classes comprising cropland, forest, shrub, grassland, water, snow and ice, barren, impervious, and wetland [2].
2.2.1. SCREEN: CLCD layers for 2005, 2010, and 2015 being extracted at 30-meter resolution
2.2.2. SCREEN: The 9 specified land-cover classes being retained
2.3. Derive elevation, slope, northness, and topographic relief from the Copernicus DEM GlO-30 [1]. Assign the complete nine-class carbon pool values without applying a default or zero values convention [2]. 
2.3.1. SCREEN: Elevation, slope, northness, and topographic relief being derived from Copernicus DEM GLO-30
2.3.2. SCREEN: Complete 9-class carbon-pool values being assigned

2.4. Reproject all layers to World Geodetic System 84, Universal Transverse Mercator zone 50 North, European Petroleum Survey Group code 32650, on a common 30-meter grid [1]. Apply nearest-neighbor resampling to categorical land-cover data and bilinear resampling to continuous terrain data [2]. Apply the same valid mask to every layer before cross-tabulation, validation, carbon accounting, and optimal-parameter geographical detector sampling [3].
2.4.1. SCREEN: All layers being reprojected to the common 30-meter grid in the specified coordinate reference system
2.4.2. SCREEN: Nearest-neighbour resampling being applied to categorical land cover and bilinear resampling being applied to continuous terrain data
2.4.3. SCREEN: Common valid mask being applied to every analysis layer

2.5. Use Python version 3.11.9 with the specified numpy, scipy, rasterio, matplotlib, pandas, geopandas, and shapely package versions [1]. Use the archived environment files and relative-path scripts for exact reproduction [2].
2.5.1. SCREEN: Specified Python version and package versions being configured
2.5.2. SCREEN: Archived environment files and relative-path scripts being used for reproduction
Author: I have not mentioned the version number. Is it okay or should I add the version number?
Author: Will 2.5.2. be performed during filming?
2.6. Configure the Markov cellular automaton with a 3-by-3 Moore neighborhood and seed 2023 [1]. Initialize an independent seeded generator for each scenario-year and sensitivity run, and use seed 42 for optimal parameters-based geographical detector sampling [2].
2.6.1. SCREEN: Markov cellular automata model being configured with a 3-by-3 Moore neighborhood and seed 2023
2.6.2. SCREEN: Independent seeded generators being initialized and seed 42 being assigned for optimal-parameter geographical detector sampling.

3. Transition Matrix Estimation and Markov-CA Initialization
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Cross-tabulate valid CLCD pixels from 2010 to 2015 and calculate each source-to-target transition probability by dividing the corresponding transition count by the total transitions from that source class [1]. Use the resulting 9-by-9 transition matrix for future scenarios and derive a separate 2005-to-2010 transition matrix for model validation [2].

3.1.1. SCREEN: Valid 2010 and 2015 CLCD pixels being cross-tabulated and source-to-target transition values being calculated
3.1.2. SCREEN: The 9-by-9 future-scenario transition matrix and separate 2005-to-2010 validation matrix being generated

3.2. Run the simulator as a custom Python Markov cellular automaton implementation without invoking the patch-generating land use simulation  [1]. At each 5-year step, take a synchronous snapshot of the starting state and compute the transition counts from that snapshot [2].	Comment by Vipasha Sharma: Author: Is this correct?
3.2.1. SCREEN: Custom Python Markov cellular automata simulator being run
3.2.2. SCREEN: Starting-state snapshot being captured and transition counts being computed for a 5-year step

3.3. Evaluate target and source classes 1 through 9 in ascending order [1]. Remove each selected source pixel from further allocation so that each pixel transitions at most once during the 5-year step [2].
3.3.1. SCREEN: Target and source classes being evaluated in ascending order
3.3.2. SCREEN: Selected source pixels being removed from further allocation after transition

3.4. Rank eligible candidate pixels using the number of target-class neighbors in a 3-by-3 Moore window at the start of the step, together with uniform random jitter from 0 to 0.5 [1].
3.4.1. SCREEN: Eligible candidate pixels being ranked by target-class neighborhood count and uniform random jitter

3.5. Calculate the requested pixel count for each source-to-target transition as the rounded product of the valid source-class pixel count, corresponding transition probability, and applicable scaling factor [1].
3.5.1. SCREEN: Requested source-to-target transition pixel counts being calculated

3.6. Apply the development scaling factor to transitions to impervious land and the product of the development and forest-protection scaling factors to forest-to-impervious transitions; otherwise, apply a scaling factor of 1 [1]. Cap the requested count at the number of eligible candidate pixels [2].
3.6.1. SCREEN: Applicable transition scaling factors being assigned
3.6.2. SCREEN: Requested pixel counts being capped at the eligible candidate counts

3.7. When the requested count is smaller than the eligible candidate count, select the highest-ranked candidates using the target-class neighborhood score together with uniform random jitter [1]. When the requested count equals the count of eligible candidates, select all eligible candidates [2].
3.7.1. SCREEN: Highest-ranked eligible candidates being selected when the requested count is smaller
3.7.2. SCREEN: All eligible candidates being selected when the requested and eligible counts are equal
4. Scenario Configuration and Future Simulation
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Apply three parameters to the common transition matrix: use the development parameter to scale expected transitions to impervious class 8, apply the forest-protection parameter only to forest-to-impervious transitions, and define the afforestation parameter as the per-step probability that cropland without an impervious Moore neighbor converts to forest [1].
4.1.1. SCREEN: Development, forest-protection, and afforestation parameters being applied to the common transition matrix

4.2. Set the development, forest-protection, and afforestation parameters to 1.4, 1.0, and 0.005 for the business-as-usual scenario; 6.0, 2.0, and 0.001 for the tourism-enhanced development scenario; 0.4, 0.4, and 0.025 for the ecological conservation priority scenario; and 2.5, 0.7, and 0.012 for the village revitalization and agglomeration scenario [1]. Apply the corresponding computational rules, policy narratives, and parameter values [2].
4.2.1. SCREEN: Development, forest-protection, and afforestation parameter values being entered for the 4 scenarios
4.2.2. SCREEN: Corresponding computational rules and scenario parameter values being applied

4.3. Interpret the multipliers as transparent low-, intermediate-, and high-development stress tests around the empirical transition matrix [1]. Do not treat the multipliers as coefficients estimated from tourism, village-node, zoning, transport, protected-area, or ecological-redline data [2]. Use the policy labels only to describe relative parameter directions, and do not interpret them as legal or spatial constraints encoded in the model [3].
4.3.1. SCREEN: Scenario multipliers being reviewed as development stress-test values
4.3.2. SCREEN: Empirical transition matrix and author-defined scenario multipliers being distinguished
4.3.3. SCREEN: Policy labels being used to distinguish relative parameter directions without applying spatial or legal constraints

4.4. Treat the development, forest-protection, and afforestation parameters as author-defined exploratory stress-test parameters rather than empirically estimated or calibrated coefficients [1]. Use the nominal values for primary scenario comparisons and evaluate their robustness using one-at-a-time sensitivity analysis [2].
4.4.1. SCREEN: Nominal exploratory stress-test parameters being configured for scenario comparisons
4.4.2. SCREEN: One-at-a-time sensitivity analysis being configured to evaluate robustness

4.5. For each scenario, run the nominal 2050 case [1]. Repeat the simulation after multiplying 1 of the development, forest-protection, or afforestation parameters by 0.5 or 1.5 while holding the remaining parameters constant [2].
4.5.1. SCREEN: Nominal 2050 scenario simulation being run
4.5.2. SCREEN: One parameter at a time being multiplied by 0.5 or 1.5 while the remaining parameters are held constant

4.6. Reinitialize seed 2023 for each of the 28 runs [1] and compare carbon storage, carbon loss, forest share, and impervious share [2]. Report matched-case rankings and the full one-at-a-time ranges without treating them as probabilistic confidence intervals [3].
4.6.1. SCREEN: Seed 2023 being reinitialized for each of the 28 simulation runs
4.6.2. SCREEN: Carbon storage, carbon loss, forest share, and impervious share being compared 
4.6.3. SCREEN: Matched-case rankings and one-at-a-time ranges being reported

4.7. Initialize every future simulation from the observed 2015 CLCD map [1]. For impervious allocation, allow cropland to remain eligible across the valid mask while requiring non-cropland source pixels to border impervious cells [2].
4.7.1. SCREEN: Future simulation being initialized from observed CLCD 2015
4.7.2. SCREEN: Impervious-allocation eligibility rules being applied to cropland and non-cropland source pixels

4.8. After class-to-class allocation, independently convert qualifying cropland to forest using the specified afforestation probability [1]. Run 3 five-year steps for the 2030 projection and 7 five-year steps for the 2050 projection [2]. Preserve class 0 outside the valid mask and export every projected map at 30-meter resolution [3].
4.8.1. SCREEN: Qualifying cropland being independently evaluated for conversion to forest using the afforestation probability
4.8.2. SCREEN: Three 5-year steps being run for 2030 and 7 five-year steps being run for 2050
4.8.3. SCREEN: Class 0 being preserved outside the valid mask and projected maps being exported at 30-meter resolution
5. Land-Use Model Calibration and Validation
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. Estimate the calibration matrix from observed land use change between 2005-to-2010 [1]. Using seed 2023, simulate the 2015 land-use map from observed 2010 [2].
5.1.1. SCREEN: Calibration matrix being estimated from observed 2005-to-2010 change 
5.1.2. SCREEN:  Simulated 2015 map being generated from the observed 2010 map using seed 2023

5.2. Within the valid mask, compare the simulated 2015 map pixel by pixel with the observed 2015 CLCD map [1]. Calculate overall accuracy, Kappa, the 9-by-9 confusion matrix, and Figure of Merit for changed cells, excluding invalid cells from both the numerator and denominator of the validation calculations [2].	Comment by Vipasha Sharma: Author: Should this be a separate shot?
5.2.1. SCREEN: Simulated and observed 2015 maps being compared pixel by pixel within the valid mask
5.2.2. SCREEN: Overall accuracy, Kappa, 9-by-9 confusion matrix, and figure of merit being calculated

5.3. Interpret overall accuracy and Kappa jointly with figure of merit because stable forest and cropland dominate the former metrics, whereas figure of merit evaluates the smaller changed-cell set [1]. Use the validation results to support regional scenario comparison without interpreting them as evidence of precise change-location forecasting [2].
5.3.1. SCREEN: Overall accuracy, Kappa, and figure of merit being jointly reviewed
5.3.2. SCREEN: Validation results being used for regional scenario comparison without precise change-location interpretation

5.4. Following validation, use the projected land-use maps for downstream four-pool carbon-storage assessment and optimal parameters-based geographical detector analysis of terrain associations [1].
5.4.1. SCREEN: Exported projected land-use maps being opened for downstream carbon-storage assessment and terrain-association analyses

       Author: Step 5.4 has been added to bridge the protocol with the Results section.













Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 204
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. The four scenario simulations produced distinct changes in forest, cropland, and impervious land over time [1]. By 2050, the ecological conservation priority retained the highest forest share at 80.3% [2] and the lowest impervious share at 2.8% [3], whereas the tourism expansion and development scenario showed the lowest forest share at 74.6% [4] and the highest impervious share at 17.6% [5]. 
6.1.1. LAB MEDIA: Figure 6 
6.1.2. LAB MEDIA: Figure 6. Video Editor: Please highlight the green bar labeled ECP 2050
6.1.3. LAB MEDIA: Figure 6. Video Editor: Please highlight the red bar labeled ECP 2050
6.1.4. LAB MEDIA: Figure 6. Video Editor: Please highlight the green bar labeled TED 2050
6.1.5. LAB MEDIA: Figure 6. Video Editor: Please highlight the red bar labeled TED 2050

6.2. Carbon storage decreased from the 2015 baseline under all four scenarios [1]. Mean carbon density also declined over time, with ecological conservation priority retaining the highest value [2], and tourism expansion and development showed the lowest value by 2050 [3].  
6.2.1. LAB MEDIA: Figure 8A. Video Editor: Please highlight the common 2015 starting point, followed by the 2030 and 2050  points for BAU, TED, ECP, and VRA
6.2.2. LAB MEDIA: Figure 8B. Video Editor: Please highlight the green line
6.2.3. LAB MEDIA: Figure 8B. Video Editor: Please highlight the red line

6.3. By 2050, carbon loss was lowest under ecological conservation priority, at 5.01% [1], followed by business as usual, at 7.75% [2], and village revitalization and activation at 8.34% [3], and highest under tourism expansion and development at 13.49% [4]. A higher projected forest share was associated with lower carbon loss across the four scenarios [5]. 
6.3.1. LAB MEDIA: Figure 8C. Video Editor: Please highlight the green bar labeled as ECP, along with the 5.01% value
6.3.2. LAB MEDIA: Figure 8C. Video Editor: Please highlight the grey bar labeled as BAU, along with the 7.75% value
6.3.3. LAB MEDIA: Figure 8C. Video Editor: Please highlight the blue bar labeled as VRA, along with the 8.34% value
6.3.4. LAB MEDIA: Figure 8C. Video Editor: Please highlight the red bar labeled as TED, along with the 13.49% value
6.3.5. LAB MEDIA: Figure 8D. Video Editor: Please highlight the green point labeled as ECP
6.4. Optimal parameters-based geographical detector analysis identified slope as the strongest topographically associated factor with a q-value of 0.557 [1], followed by topographic relief at 0.460 [2] and elevation at 0.352 [3]. In contrast, northness showed a negligible association, with a q-value of 0.003 [4]. Interaction analysis showed stronger associations for paired factors, with the slope-relief interaction being the strongest at 0.628 [5]. 
6.4.1. LAB MEDIA: Figure 9A.  Video Editor: Please highlight the green bar labeled as slope with the value 0.557
6.4.2. LAB MEDIA: Figure 9A.  Video Editor: Please highlight the orange bar labeled as topographic relief with the value 0.460
6.4.3. LAB MEDIA: Figure 9A.  Video Editor: Please highlight the blue bar labeled as elevation with the value 0.352
6.4.4. LAB MEDIA: Figure 9A.  Video Editor: Please highlight the value 0.003 along with the line labeled as northness
6.4.5. LAB MEDIA: Figure 9B.  Video Editor: Please highlight 0.628 along with the words “slope” and “relief” corresponding to it 
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